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ABSTRACT 

This research examined the effect of a moderate dose of alcohol on covert orienting of 

visual attention to test the prediction that greater information processing requirements of the 

onenting cue would result in greater impairment of the reaction time (RT) to a target stimulus 

under alcohol Thirty-six male social dnnkers who were randomly assigned to either an 

alcohol(0.62 g k g )  or placebo group performed three tasks: 1 ) exogenous onenting, where a 

peripheral spatial cue reflexively draws attention to a prediaed target location; 2) endogenous 

orienting. with a central numerical cue; 3) endogenous orienting. with the central cue requmiring 

anthmetic to predict the target location. Valid, and invalid (Le., incorrect) cues, and trials 

where no cue was presented occurred on a test of each task. The different infonnation 

processing demands of the tasks were reflected by shoner RT on the exogenous task and 

longest RT on the endogenous arithmetic task. The groups performed the three tasks once 

before. and twice f ie r  placebo or alcohol. In accordance with the hypothesis, alcohol 

impaired (lengthened) RT on the two endogenous tasks, and did not affect the reflexive 

exogenous task (p0.05) Results showed alcohol selectively impaired RT to valid trials on the 

endogenous tasks (g<0.001) and the intensity of impairment on the two tasks did not differ 

(~=0 .9  1 7). The findings suygested that the amount of information processing invoived in the 

tasks ma); be less important in determinino the intensity of alcohol impairment than the mode 

of processing (reflexive vs controlled), or other functions, such as spatial working memory. 

Potential practical implications of the findings for accident prevention were discussed. 
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INTRODUCTION 

.4lcohol is one of the most widely used dnigs by hurnans. Its documented use dates 

back more than 10000 years when mead, a type of beer made from fermented honey, was a 

cornrnon social drink (Ray, 1983). Given its usage in virtually every human culture, it may 

seem strange that the consumption of alcohol is linked to numerous societal and personal 

problems ranging from alcohol dependence to serious accidents and injuries (e.g. Bushman & 

Cooper, 1990; NIAA4 1997). Alcohol use in the work environment creates problems 

affecting public safety, as well as productivity. In the United States. productivity Iosses due to 

alcohol were estimated to be S 1 19 billion for 1995 (PITI.bW, 1999) and alcohol was a factor in 

4040 of industrial accidents leading to death in the CTK (Koelega, 1995). Recreational use of 

alcohol has been linked to injuries resulting in visits to a hospital emergency room (e.g. 

Cherpitel. 1999, 1994. Stephens. 1987). In addition, alcohol-related trauma is the founh 

leading cause of death in developed countnes (Cherpitel, 1992) Numerous studies have found 

a strong association between alcohol consumption and personal injury, drowning, falls. fires, 

burns. and pedestrian and motor vehicle accidents (e.g. Borges, Cherpitel & Rosovsky. 1998; 

Cherpitel. 1992,1996) 

While humans have been using various modes of transponation for millennia, it is 

udikely that alcohol had the same impact on the chariot-dnving of Rome and the camel-dnving 

of Egypt as it has had on the task of driving the automobile. Forty percent of al1 t r a c  

fatalities in the United States between 1979 and 199 1 were dcohol-related ( N I M  1994) 

and it is known that the risk of a motor vehicle accident increases as blood aicohol 

concentration (BAC) increases (e.g. Donelson & Biemess, 1985). The nsk of a single-vehicle 



fatal crash for dnvers is estimated to be 1 1 . 1  times higher for drivers with blood alcohol 

concentrations (BACS) between 50 and 90 mg/100d, 48 times higher for drivers with BACS 

between 100 and 140 mg1 OOrnl, and 380 times higher for those with BACS at or above 150 

mg/ 1 OOml (Zador. 199 1 ). 

Failures of attention are one of the most frequently cited errors leading to dnving 

accidents while sober (Hakkinen, 1976) and under alcohol (Moskowitz, 1984) and have been 

implicated as one of the primary reasons why alcohol consumption increases the probability of 

havine a motor-vehicle accident (Moskowitz, 1984). Efforts to investigate this possibility 

have used dnvine simulators and other complex attention tasks, such as divided and sustained 

attention. However the findin~s on the effects of alcohol have not been consistent. This is 

possibly due to differences among the various tasks in their stimulus and response requirements 

as well as the cognitive processes involved. In order to gain a better understanding of the 

effects of alcohol on attention. this thesis used a task developed in cognitive science to assess 

one panicular aspect of attention, coven visual orienting. 

Background 

Pharmacolo~v of .4lcohol 

Alcohol (also known as ethanol) is classified as a sedativdhypnotic drug. It is a small 

molecule that dissolves in both fat and water and is widely distributed inside and outside cells 

throughout the body. It crosses the blood-brain bamer and the placental banier without 

difficulty (McKirn. 1996). Over 90 percent of alcohol consumed is metabolized in the liver and 

it is eliminated from the body at a constant rate (McKim, 1996). Unlike other depressant 

dmgs, alcohol has no known receptor site (Hunt, 1993). 



Neuropharmacological investigitions have examined the action of alcohol on cell 

membranes. In vitro studies have shown that alcohol affects membranes surrounding cells. 

Membranes are composed mainly of lipids and proteins and the molecules within the cell 

membranes have some mobility. Alcohol has been found to disorder or "fluidize" membranes. 

which allows the molecuies imbedded in them to be more mobile and the membranes to 

become more permeable (e-g. Feldman, Meyer. Quenzer, 1997; Hunt, 1993; Rall.. 199 1 ). 

However. lower doses. more akin to those consumed by humans, show little effect on the 

fluidity of membrane lipids (Dildy-Mayfield & Hams. 1995; Eckardt et al., 1998). Some 

authors now suggest that the primav effect of alcohol in the membranes is on membrane- 

bound protein complexes. Aicohol may disrupt the fùnction of several voltage-gated ion 

channels, which respond to changes in electrical potential across the membrane. such as 

calcium. sodium and potassium (Dildy-Mayfield & Hams, 1995; Feldman, Meyer & Quenzer. 

1997 ). .Alcohoi also rnay disrupt receptor-mediated ion channels, which allow a 

neurotransmitter to directly interact with its receptor (Hunt. 1993). In particular, alcohoi 

appears to facilitate the bindine of gamma aminobutyric acid (GABA), a major inhibitory 

transmitter in the brain, to its receptor site (Eckardt et al., 1998; Hunt, 1993; M.% 1993). 

and inhibit the receptor function of eiutamate (a major excitatory neurotransmitter) at several 

sites. including the N-methyl-D-aspanate acid (NMDA) receptor subtype (Dildy-Mayfield & 

Harris, 1995; Hunt, 1993; MAAA, 1993). 

Mcohoi may also affect cellular functions indiredly, by increasing the production of the 

second messenger cyclic adenosine mono phosphate (CAMP) in brain tissue. Second 

messenoers initiate a senes of chernical reaaions that ultimately alter the sensitivity of ion 



channels (Hunt, 1993). Greater CAMP may increase the efficient translation of signals From 

neurotransmitters. such as dopamine. noradrenaline and adenosine, into a physiologicai 

response (Dildy-Mayfield & Harris, 1995; Feldman, Meyer & Quenzer, 1997; Hunt, 1 993). 

The presence of alcohol also appears to interact with the endosenous opioid system to increase 

dopamine activity In addition, alcohol is thought to stimulate the hnction of the 5- 

hydroxytryptamine-3 (5-HT3) serot onin receptor. 

To date, only a few studies have used neuroimaging techniques to examine the effect of 

an acute dose of alcohol on brain activity in vivo. and the evidence is conflicting. For example. 

one study examined regional cerebral blood flow (rCBF) in social drinkers under a moderate 

dose of alcohol usin8 positron ernission tomography (PET), and found that rCBF decreased. 

Although these findings led to the conclusion that alcohol produces a general decrease in 

neuronal activity (de Wit, Metz, Wagner & Cooper, 1990), this was challenged by another 

study showinr that rCBF increased in social dnnkers under a moderate dose of alcohol 

(Schwartz et al.. 1993). 

In sumrnary, research in neuropharmacology has greatly aided our understanding of 

changes in cellular Functions in the presence of alcohol. These findings have also provided a 

basis for speculations about the behavioural effects of the dmg. For example, alterations in the 

activity of GABA and glutamate may contnbute to the sedative and stimulant effects of 

alcohol. respectively, and rnay alter memory formation and leamino. Increases in dopamine 

and serotonin have been linked with the reinforcing effects of addictive dmgs and the indirect 

link between alcohol and these transmitters suggests an explanation for the addictive use of 

alcohol (Eckardt et al., 1998; McKim, 1996; NI- 1993). However, in spite of advances in 
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understanding the action of alcohol at the cellular level, reviews of this work show that these 

findings do not necessarily predict the effect of alcohol on intact functioning organisms. 

Convincing evidence for a specific causal relationship between these neurophysiological 

changes and panicular behavioural responses to alcohol consumption is lacking (Hunt, 1993). 

As a result, a great deal of research has been conducted to directly examine the behavioural 

effect of alcohol. 

Behavioural Effects 

Concem over alcohol-related accidents has led to many expenments examining the 

effect of alcohol on tasks that resemble those that dnnkers rnight perfonn under alcohol 

Studies using driving simulators or examining actual driving ability on a closed course are 

examples Some experiments indicate that impairment begins at 48mg/100ml BAC, and is 

show by prolonged tirne needed to perform various manoeuvres and increased dnving errors 

(e.g Bjerver dk Goldberg. 1950; Linnoila et al.. 1986). However. impairment on drivine - 
simulation tasks is not consistently observed at these moderate BACS (e.g. hlitchell, 1985; 

Moskowitz dk Burns. 198 1 ). 

The effects of alcohol on flving performance have also been widely investigated using 

flight simulators that involve al1 of the skills required in real flight (hknes. 1954, Billings et 

al., 199 1 , Morrow et al., 1 99 1, 1993). These studies have consistently found that performance 

was significantly impaired beginning at a BAC of 50 rng/100rni. Some expenments also have 

reponed continued impairnent on these complex flying tasks even after a peak blood alcohol 

concentration of 100 mg/100ml had returned to zero, up to 14 hours after drinking (e-g. 

Morrow et al., 1990; Yesavage & Leirer, 1986). However, this cary-over eflect is not 



consistently observed (e-g. Collins & Chiles, 1980). 

Moskowitz & Burns (198 1)  have suggested that vanability in the effects of aicohol on 

the performance of driMng and flying simulation tasks may be due to differences in the 

panicular combination of components in the tasks. Simulated driving and flying tasks are 

necessarily earemely complex because they mode1 real life activity. Automobile driving 

involves many tasks and continually changing task demands. In order to safely drive a vehicle. 

one must be able to rnaintain an alert state. make decisions based on frequently changing 

environmental information, and execute manoeuvres based on these decisions (N?.&U, 1996) 

A similar complex combination of skills are also involved in flying. Lhfonunately. the 

numerous motor and cognitive skills involved in driving and flying tasks make it very difficult 

to determine how alcohol affects the component motor and cognitive processes required to 

perform them well. For this reason. other researchers have examined the effect of alcohol on 

these components usin3 laboratory tasks that may tap more specific abilities 

Comitive and Motor Skill Tasks 

The effect of alcohol on the time to react to a stimulus (simple reaction time) has been 

measured in numerous studies. Some authors have found that impairment (slowing) of simple 

RT only appeared under a high dose of alcohol (e.5. 1 .O gkg) (e.g. Lemon et al., 1993). 

However, others have found that only a few individuals are impaired on a simple RT task 

under an even higher dose (e.g. 1 2gBrg). and others maintain their sober level of RT ( e . g  

Limoila et al., 19%). 

In order to prevent anticipatory responses during reaction time tasks, many studies 

have used choice RT tasks. These tasks require a participant to press an assigned key only 



when a panicular target appears. At least two different targets are included with a 

corresponding response key assigned to each. Thus, participants must wait until they identi@ 

the target before making a response. Many studies show choice RT is impaired (lengthened) 

under alcohol when BAC reaches or exceeds 90 mg/100ml (e.g. Chiles & Jennings, 1970; 

Hindmarch et al., 199 1). This has led some to conclude that choice RT is more sensitive to 

impairment than is simple RT (Mitchell, 1985). However, research on choice RT at lower 

moderate BACs yields inconsistent results. Some studies detect impairment and others do not 

(Kerr & Hindmarch. 1998. Mitchell, 1985). 

Other researchers have opted to investigate the effect of alcohol on lab motor skill 

tasks. such as pursuit rotor and other motor tracking tasks. These tasks are simpler than 

simulated driving and flying tasks. While they depend on motor dexterity, they also are likely 

to require mental processes such as attention and information processing. Although the 

performance of such motor skill tasks are usuaily impaired (lenghened) by moderate doses of 

alcohol. these tasks likely involve both motor and cognitive components. Thus it is not clear 

what or which aspects are impaired. Reiiews of this research have argued that cognitive 

processes are more impaired than motor processes (Mitchell, 1985). Thus, there has been 

considerable research on cognitive tasks. However, such cognitive tasks are also complex and 

may depend upon a number of cognitive processes, such as concentration, attention, and 

information processing. Thus, the paticular different combinations of processes involved in 

these vanous tasks may account for the inconsistent results. Although sufficiently high doses 

of alcohol can impair the performance of any copitive task, the question of what pmicular 

cognitive processes are afFected at rnoderate BACs (less than 100 mg1100rnl) rernains 
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unanswered Some research has attempted to address this question by investigating the effect 

of alcohol on one pariicular cognitive process, attention. 

Attention 

Although failures of attention are one of the most frequently cited errors implicated in 

accidents. findings from epidemiological studies showing that the probability of car accidents 

increased at low BACs were initially attributed to perceptual failure under alcohol. However, 

studies examining the effects of alcohol on simple sensory functions such as visual acuity, glare 

recovery. and peripheral vision showed no impairment except at very high blood alcohol 

concentrations (eg.  Moskowitz, 1981). Thus, it appeared that alcohol was iikely impairkg 

central information processing fùnctions involved in attention rather than sensory functions 

(Moskowitz. 1984). Considerable research examining the effects of alcohol on attention has 

primarily used two types of tasks; sustained attention (vigilance) and divided attention. 

Vigilance tasks are commonly defined as tasks requiring sustained detection of, and 

responding to specific changes in the stimulus situation that occur rarely and unpredictably 

( e . g  Koelega. 1995). These are usually tedious. repetitive tasks that require denness and 

attention, which are essential components in industrial work, fl jing and driving (Moskowitr 

1984). The effect of alcohol on visilance tasks seems panly related to the dose. Linnoila et al. 

(1 978) found that the onset of impairment on a vigilance task was detected at BACs of 

approximately 70 mg/100ml, and there&er increased as BAC increased. Others also have 

reported that impairment was detected only under a high dose of alcohol (e.g. Erwin et al., 

1978; Gustafson, 1986; Rorbaugh et ai., 1988). However, there are many exceptions to this 

finding. Some studies show impairment in vigilance tasks at lower BACs (e.g. Talland, 1966) 



but other experiments detect no impairment at higher B.4Cs ( e g  Foo & Lemon. 1997). 

Koelega ( 1  995) has suggested that some of the inconsistent effects of alcohol here may be due 

to the wide vanety of vigilance tasks used in expenments. Differences in the duration of the 

tasks. the cornplexity of the stimuli and/or response required may also affect performance 

under alcohol. In addition, given the large van*ability in task charactenstics, it is possible that 

vigilance tasks are not even measuring the same aspects ofattention. Overail, the many 

different types of vigilance tasks, and the inconsistency in the findings, make it difficuit to 

reach any solid conclusions about the effects of a moderate dose of alcohol on sustained 

attention 

A divided-attention task requires the performance of two or more subtasks 

simultaneously. that are sufficiently demanding so that performance on either one or both of 

the subtasks is at a lower level than when the subtasks were perfomed by themselves 

(Moskowitz. 1 984) It has been suggested that divided attention tasks overload the capacity of 

the person to decode and respond to al1 relevant infomation. This situation may also occur 

when the stimuli in a single task present more information than can be fully processed 

(Moskowitz. 1984). 

In their landmark study, Moskowitz and Sharma (1974) examineci the efects of a 

moderate dose of alcohol (peak BAC of 90rng/100rnl) on a divided-attention task involving the 

detection of an unpredictable peripheral light (a vigilance task), and simultaneous counting of 

the blinking of a centrai stimulus. The authors found alcohol did not impair vigilance 

(peripheral light detection) in the absence of the second task (when the central light did not 

blink and there was no requirement for central visual information processing). However, under 



the dual task (when participants were also required to process the information from the 

blinking light in central vision), detection of the penpherd light significantly decreased and 

errors in counting the blinking control Iight increased. The authors concluded that the 

performance deficit under moderate BACS only occurs under conditions involving the division 

of attention. Other authors have similarly found impairment on both tasks under alcohol 

durine divided attention conditions, and no impairment on single task vigilance performance 

(e. g. Millar, Finnigan & Hamrnersley. 1 999). Moskowitz (1 981) theorized that the impairment 

under a panicular dose of alcohol intensifies as the demand on central visual information 

processing is increased. 

Divided attention paradigms sornetimes show alcohol ody impairs the performance of 

one of the tasks Even though many studies have found impairment on one or both tasks in a 

divided attention paradigm, some studies have not found significant impairment under divided 

attention conditions even when fairly high doses of alcohol were used (e .g  Marks tk 

MacAvoy. 1989). Thus, even these fairly consistent findings of impairment of divided 

attention under alcohol are questioned. Once again, the varied nature of the tasks appears to 

contnbute to the inconsistency of the results (Koelega, 1995 3. 

Several authors have proposed that many conclusions about the effect of alcohol seem 

to be based on interactions between alcohol and task complexity (e.g. Kerr & Hindmarch. 

1998; Mavlor et al., 1990; Maylor & Rabbitt. 1993). However, the tem "complexity" has 

been used to refer to many different charactenstics of a task, including response complexity, 

degree of reasoning or information processing required to perform a task, the discnrninability 

of task stimuli, and the amount of memory required for task performance. Instead of 



attempting to breakdown the complex characteristics of a task. Maylor and Rabbitt ( 1993) 

have argued for a global central interpretation and proposed that the impairing effect of alcohol 

on the performance of a particular task is determined by the arnount of information processing 

required. as measured by the length of time it takes to make a response (e.g. RT). 

While some inconsistencies in the effect of alcohol on sustained and divided attention 

may stem from the use of tasks that Vary in complexity, some methodological difficulties and 

differences among alcohol studies also could contnbute to the problem. For example. some 

studies usine a placebo to control for the expectation of alcohol test the same person under 

both conditions. However this procedure may allow the dnnker to distinguish between the 

alcohol and placebo treatments, and many studies do not repon whether the placebo was a 

successfûl control for the expectation of receiving alcohol (e.8. Maylor et al., 1990; Newman 

et al.. 1997). In addition, many investigations do not consider individual differences in dmg- 

fiee levels of performance when analyzin_p the data obtained under alcohol (e.g Lemon et al.. 

1993; Rorbaugh et al.. 1988). Different doses of alcohol are administered in different studies 

(e.g. Lamb & Robertson. 1987: Chiles & Jenninss. 1970) and some expenments do not repon 

the BACS ( e . g  Smith, Kendrick gi Maben. 1997). Some researchers test performance %hile 

BAC is rising (e.g. Maylor et al., 1992). and others test when BAC is declining (e.g. Linnoila 

et al._ 1978). This one procedural difference rnay lead to vastly different conclusions about the 

effect of alcohol because the impairment on motor ski11 tasks has been found to wax and wane 

as B.4C from a dose rises and declines (e.8. Vogel-Sprott & Fillmore, 1993) whereas the 

intensity of impairment on cognitive tasks rnay be less aff'ected by the limb of the BAC curve 

(e.g. Fillmore, Carscadden & Vogel-Sprott, 1998). 



In summary. alcohol research on sustained and divided attention attests to the 

importance of understanding the effect of the dmg on attention. However, the inconsistent 

effects of a moderate dose of alcohol obtained using paradigms to test these two types of 

attention make it difficult to reach a conclusion. While some of these problems may be due to 

methodoloeical and procedurd differences among expenments, the findings may also have 

been infiuenced by variations in the stimulus and response complexity of the tasks and the 

different types of cognitive processes or amount of information processing involved in 

performing the various tasks. In order to obtain a clearer answer to the question of whether 

alcohol impairs attention, it may be usehl to design a task that cm be modified to alter the 

information processing demands without chanong the response requirements. One approach 

to this question that could provide clearer information would be to adopt tasks developed in 

Cognitive Science to assess specific cognitive components of attention. Basic research in 

cognition has used these tasks to test theories about specific attentive processes. One 

panicularly well-researched task assesses the coven orienting of attention to a panicular 

location (Posner. Snydcr & Davidson. 1980). A coven onentins task is used in this thesis as a 

first step in unravelling the effect of moderate doses of alcohol on attentional processes. 

Coveri Orienting Paradigm 

Onenting attention plays a very important function in the real world. If appropriate 

shifts of attention are not made when one is faced with environmental threats or opponunities, 

survival or physical integity could be at nsk. Conversely, if one is constantly shifting attention 

in response to every sensory event, it would be impossible to sustain purposehl action and 

behavioural chaos would result (Allport, 1989). Michael Posner, one of the pioneers in 



research and theory on the onenting of attention, has defined onenting as "the aligning of 

attention with a source of sensory input or an intemal semantic stmcture stored in memory." 

(Posner. 1980. p.4). With respect to visuai stimuli, orienting refers to pointing attention in a 

particular direction, or selecting a position in space (Posner, Snyder & Davidson, 1980). 

Posner and colleagues (e.g. Posner & Raichle, 1997) have proposed that the onenting 

of visual attention depends on a sequence of basic mental operations. First, attention is 

diseneaged from the current focus of attention. Attention is then shifted and engaged at a new 

target location. Research with patients who have suffered brain injuries has shown that the 

"disengage" component of onenting is related to fûnctioning in the posterior panetal lobe 

Patients with injuries in this area have difficulty disengaping attention when it is focused on a 

target located in a direction opposite to a cue. when the cue occurs on the side of their brain 

lesion. In these patients. performance on trials that correctly cue the position of the target is 

usually intact. The "shift or move" component of onenting has been localized to the area of 

the superior colliculus. Patients with progressive deterioration in this and/or surrounding areas 

are much slower at shifiing their attention to a new location afier it has been engased 

elsewhere Lastiy. "enyaging" attention on a new target has been localized to the area of the 

lateral pulvinar of the thalamus. Patients with injuries to this area have difficulty engaging 

attention on targets that occur on the side opposite their lesion, even when a cue is presented 

at that location and they are given considerable time to move their attention. These patients 

are tj~ically quite distracted by events at other locations (Posner & Petersen, 1990; Posner & 

Raichle, 1997). Research using brin ce11 recordings in animals and neuroimaging techniques 

in non-injured humans has supponed these findings (e-g. Posner & Raichle. 1997). 
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Typically, when one notices an interesting object, the eyes are moved so that the image 

falls on the central portion of the retina (the fovea), where visual acuity is greatest (e.g. Folk, 

Remington, & Johnston, 1993; Posner & Raichle, 1997 ). This has been tenned "oven 

orienting" and it can be observed in head and eye movements (Posner, 1980). Klein (1994) 

defines oven visual orienting as "when adjustments of gaze are made to control which regions 

of visual space are processed by the receptor-rich fovea and irs associated neural machinery" 

(p. 167). These eye movements may arise either as a result of stimulus input, such as the 

appearance of an object in the visual field, or due to an internal search plan that has been 

generated (Posner, 1980). However, it has been demonstrated that attention also can be 

shified with the eyes fixed. and that attention and eye movements are not identical systems 

(e.g Posner, 1980; Posner, Snyder & Davidson, 1980; lonides, 198 1 ; Muller & Rabbitt. 

1989). Remington (1980) found that when a stimulus is present that elicits an eye movement. 

one's attention moves rapidly prior to one's eyes (see also Muller & Rabbitt. 1989). As the 

fovea settles on the stimulus, attention retums to the most probable location for the next 

stimulus (Posner. 1980). Posner ( 1  980) likens the relationship between eye movements and 

attention to the relationship between eye and hand movements; they have a close, hnctional 

relationship, but their physical mechanisms are distinct. One can be moved without the other. 

Posner has termed orienting in the absence of eye movements "covert" (e.g. Posner, 1980). 

Coven orienting refers to "the ability to direct processing resources in visual space 

without changs in gaze direction." (Klein & Hansen, 1 990, p. 790). The use of the covert 

orienting paradigm is particularly well-suited for investigating the efTect of alcohol on the 

onenting of attention because performance of the task does not depend on movements of the 



eyes. Thus, the specific effects of alcohol on the orienting of attention can be tested. 

Coven shifis of attention are very rapid compared with eye movements. These shifts 

typically require less than 50 rnilliseconds (ms) after the onset of a target. whereas the eyes 

typically move to the same location about 200 ms afler a coven attention shift (Posner & 

Raichle. 1997). Coven orienting has been found to facilitate behavioural responses to stimuli 

at the attended location (e.g. Posner, 1980; Posner, Nissen & Ogden, 1978). Posner and 

colleagues (e g Posner, Snyder & Davidson. 1980) have devised a covert orienting task to 

examine the inner workings of the shifting of attention in the absence of eye movements.' In 

this coven orienting paradigm, panicipants are provided with cues signalling the location of a 

subsequent tareet so that they may orient attention to that location prior to the presentation of 

the target In a typical paradigm, participants sit in front of a computer screen and are told to 

fixate on a stimulus at the center of the screen. M e r  a shon interval a cue appears. The cue 

ma): be presented centrally. at the location of the fixation point, or peripherally, at or near the 

target location. Central cues. such as an arrow, may point in the direction of the target 

location or may require funher decodine in order to determine the target location. In contrast. 

perîpheral cues indicate the location of the target by the cue position. .Mer another shon 

intemal (referred to as "stimulus onset asynchrony", or SOA) the target appears and the 

participant mut  respond to the appearance of the target as quickly as possible. 

Numerous studies using variations of this task have show that prior knowledge of 

It should be noted that it is unclear whether attention can be "moved fiom one location to 
another. Thus, the term "shifting" attention, as used in this thesis. merely refers to a 
redistribution of attentional resources in response to spatially informative cues (see Shepherd 
Muller, 1989 for a more thorough discussion of this subject). 



target position influences the speed and accuracy of detecting the target (e-g. Fernandez- 

Duque & Posner, 1997; Henderson & MacQuistan. 1993; Jonides. 198 1 ; Posner & Cohen. 

1984; Posner. Nissen & Ogden, 1978; Posner, Snyder & Davidson, 1980; Theeuwes, 199 1 ). 

Some authors sugoest that this response facilitation occurs because the spatial cue concentrates 

atteotional resources on a specific portion of the visual field. allowing faster detection of 

objects at the attended location (e.g. Van Zomeren & Brouwer, 1994). Electrocortical activity 

is also enhanced when a signal occurs at a position for which the participant is prepared 

(Posner. Snyder & Davidson. 1980). In contrast, the eficiency of target detection. as 

measured by reaction time and response accuracy. is typically reduced when the cue 

misinfoms a panicipant and the taroet occurs at an unexpected location (e.g. Jonides, 198 1 ; 

Posner Br Cohen. 1984, Posner. Nissen b: Ogden, 1978; Posner, Snyder & Davidson. 1980). 

Trials where a cue correctly predicts the target location are called "valid" trials (Posner, 1980) 

Performance on these trials prirnarily involves the "engage" cornponent of attention. In ihese 

trials. the cue identifies the tarset location. Thus, once attention is oriented to the cue. 

attention only needs to be engaged upon the target when it amves (Posner et al. 1984). Trials 

where a cue misinfoms the participant about the location of the target are cailed "invalid 

trials (Posner, 1980). In order to respond to the target on invaiid trials, attention must first be 

disengaged from the cued location, moved to the target location, and then the target must be 

engaged. Thus, invalid trials are thought to also involve the disengage and move components 

of attention (Posner et al., 1984). In the coven onenting paradigm, the efects of cuing do not 

depend upon eye movements because they are evident even when stimulus presentations are 

too brief to permit saccades. Cuing effects continue to be observed when eye movements are 



measured and only tnals where the eyes remain fixed are included in analyses (e.g. Jonides, 

198 1 ; Muller & Rabbitt. 1989; Posner, Nissen & Ogden, 1978; Posner. Snyder & Davidson, 

1980). 

Coven attention shifls may occur exogenously, where attention is drawn or captured 

by extemal penpheral visual cues, or endogenously, through a conscious, voluntary effort (e.0. 

James, 1 890, as cited in Johnston & Dark, 1986; Jonides, 198 1 ; Posner, 1980; Rafal, Calabresi, 

Brennan & Sciolto. 1989; Tarnowski, 19%). Exogenous onenting to new sensory signais in 

the visual periphery is thought to serve an imponant defensive and social fùnction (Rafal. 

Calabresi. Brannan & Sciolto, 1989) In the coven orienting paradigm, exogenous shifls of 

attention are typically generated by the appearance of a cue at or near the location ihat the 

target will appear (in the case of valid trials) (e g. Posner, 1980). Exogenous orienting is 

thouoht to be quite passive and reflexive. Jonides (1 98 1)  has identified four characteristics of 

exogenous cues that distinguish them from endogenous cues: 1 )  Exogenous cues do not draw 

heavily on cognitive resources as compared with endogenous cues 2) A shifi of attention 

induced by an exogenous cue is more dificult to voluntarily suppress than a shift induced by an 

endogenous cue 3) Exogenous cues capture attention even when their occurrence is 

unexpected, whereas the effectiveness of endogenous cues in causing attentional shifts is 

related to expectancies based on the probability that they will occur and 4) Responses to 

exogenous cues are more accurate than responses to endogenous cues. 

Endosenous orienting, in contrast, is thought to be consciously controlled and 

prompted by a voluntary shifl in attention to a particular area or object (e.g. Jonides, 198 1 ; 

Klein. 1994; Posner, Nissen & Ogden, 1978; Tarnowski, 1996). These shifis in attention are 
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thought to be active and strategic in nature (Klein & Hansen, 1987). In the coven orienting 

paradigm. endogenous shifis of attention are typically generated by some centrally presented 

symbolic cue that indicates where attention should be shifled in order to locate an imminent 

target and respond optimally (Henderson & Macquistan, 1993). Endogenous cues must be 

decoded before the spatial location they designate can be determined (Muller & Rabbitt, 1989; 

Yantis & Johnston, I W O ) .  

Considerable research and theory indicate that coven onentins to endogenous cues is 

more susceptible to cognitive interference and places greater demands on cosnitive resources 

than orienting to exogenous cues (eg. Jonides, 198 1 ; Shepherd & Muller, 1989). In addition, 

orienting can occur to exogenous cues below the subjective threshold of awareness but 

endogenous orienting only occurs when an individual is aware of the eue (McCormick. 1997). 

In surnmaq, the imponant question about the effect of alcohol on attention has been 

approached using tasks that involve sustained or divided attention. But inconsistencies in the 

findings raise the suspicion that the tasks also involve other different factors, such as the type 

of response. or the degree of information processing required by stimuli. or the combination of 

attentional processes. An alternative approach that may aid an understanding of how alcohol 

affects attention is to use an experimental paradigm specifically developed to assess a pmicular 

attentional process. This thesis adopts that strategy by investigating the effect of alcohol on 

the process of visual-spatial attention using the coven orienting paradigm. The tasks used in 

this thesis research al1 measure the same response (RT to target) and only the nature of the 

stimulus cues are varied. Moreover, theory and research using exogenous and endogenous 

stimulus cues, makes a distinction between exogenous (sensocy reflexive) and endogenous 
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(cognitive decoding) orienting of attention that appears somewhat analogous to the difference 

between simple RT and cognitive tasks. The greater sensitivity of cognitive tasks to alcohol, 

suggested by the research literature, raises the possibility that a moderate dose is more likely to 

affect orienting to endogenous rather than exogenous cues. The covert onenting paradigm 

provides an opponunity to test this hypothesis. In addition, endogenous coven orienting tasks 

that involve different amounts of information processing to decode the cue can test the 

hypothesis that greater impairment under alcohol is observed on tasks that require more 

information processing. Because a coven orienting paradigrn had not previously been used to 

test these hypotheses some exploratory investigations and a preliminary expenment were 

conducted to assess the adequacy of the coven orienting tasks to be used in the major alcohol 

experiment of the thesis, and to determine the appropriate procedure. 

Background Research 

Two explorato- studies were conducted. The first study used an exogenous coven 

orienting task (Task O) modelled on the description by Femandez-Duque and Posner (1997) to 

determine whether the measures confirmed their finding that RT to valid trial; were shoner 

than RT to invalid trials, which were shoner than RT on trials where no cue was presented. 

This pattern of RTs was replicated in Task 0, and also indicated that one practice block of 

trials was necessary before performance on the valid and invalid trials became stable. This 

suggested that the task involved some leaming, a finding that had not previously been 

reponed. The full method and results are presented in Appendix A. 

The second study explored the effect of a moderate dose of alcohol on Task O 

performance. Given that this exogenous task is characterized as reflexive, and somewhat 
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analogous to RT tasks. it seemed likely that onenting to exogenous cues in the task may not be 

affected by a moderate (0.62-dg) dose of alcohol. For this reason, tests on the task were 

scheduled to occur during rising, peak and declining BACS. The results indicated that alcohol 

did not affect RT to valid, invalid or no-cue trials at any point on the BAC curve. Appendix .A 

contains the complete det ails of this investigation. 

Prelirninarv Ex~eriment Endogenous cues provide information t hat requires 

interpretation. Since alcohol research suggests greater impairment is induced when a task 

requires more information processing, the investigation of endogenous orienting provided an 

opponunity to test this possibility by using two tasks with endogenous cues that differed in the 

degree of information processing required. These tasks had to be developed. and data on their 

dmg-free performance had to be obtained to veri@ that the RT to cues in the two endosenous 

tasks (N and .A) differed. the endogenous Task A presented cues that were devised to require 

more information processing. and thus RT to valid and invalid trials on Task A should be 

longer than Task N. In addition, the RT to valid and invalid trials on both endogenous tasks 

should be longer than the exogenous orienting Task O. 

Clearest evidence on the differential sensitivity of the tasks to alcohol should be 

obtained using a within-subjects design, where a given individual performs al1 three tasks in 

sequence at a similar BAC. Although alcohol research has seldorn used this strategy, the tasks 

were brief enough to make this feasible. However, no drug-free research with coven orienting 

tasks appears to have used a within-subjects design. Thus, this expenment evaluated a within- 

subjects testing procedure to determine that: 1) The pattern of RTs to the three cue conditions 

on the exogenous Task O was replicated when a given individual performed al1 three tasks 2) 
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The RTs to vaiid and invalid trials on the two endogenous tasks (N and A) were longer than 

the RTs to Task O. 3) The RTs to valid and invalid triais on Task A, whose endogenous cue 

shouid require more processing, were longer than the RTs on Task N. 

The responses to targets were identical in al1 three tasks. The tasks differed only in the 

nature of the stimulus cues. Thus, differences between the tasks in RT to valid and invalid 

trials could be atttibuted to the different propenies of the cues. In accord with the hypotheses. 

when a given individual performed al1 three tasks consecutively the pattern of RTs to the three 

cue conditions within Task O was replicated. The RTs to valid and invaiid trials on the two 

endogenous tasks were longer than on the exogenous Task 0, and the RTs to vaiid and invaiid 

trials on Task A were longer than on Task N . In addition, the results for Tasks N and A 

revealed that RT to valid trials were shortest, and RTs to the invalid and no-cue trials did not 

differ This experiment is full- reponed in Appendix B. 

In sumrnav. the background research suggested that performance on the exogenous 

orienting Task 0. was not impaired by alcohol. The two endogenous onentins tasks, N and A, 

were designed to differ in the degee of information processing required by the cues. and were 

tested in the drug-fiee Preliminary Expenment. This work showed that as the information 

processing requirements of the endogenous cues increased, RT to valid and invalid triais 

increased. These three tasks were then used in the Main Expenment to test the effect of a 

moderate dose of alcohol on coven orienting of attention. 

Main Experiment 

This experiment adopted a within-subjects design to examine the performance of the 

three coven onenting tasks under alcohol or placebo in order to test the following predictions: 
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1 .  On valid trials. performance on the endogenous Tasks N and A should be impaired 

(Le.. lengthened) under alcohol compared to the exogenous Task O. Thus, RT to valid 

trials on Tasks N and A should be lengthened to a greater degree than on Task O. In 

addition, these RTs on Tasks N and A should be longer under dcohol than under 

placebo. In contrast, RT on Task O was not predicted to differ under alcohol. 

compared to placebo. 

3 -. On valid tnals, the endogenous task presenting cues requiring greater processing 

should be more impaired (i.e., lengthened). Thus RT to valid trials on Task A should 

be lengthened to a greater extent under alcohol as cornpared with Task N. 

3 There are two possible outcomes of the effect of alcohol on invalid trials. RT on these 

trials are thought to contain an additional disengagelshifl component of attention. The 

pilot study indicated that alcohol did not significantly affect RT to invaiid trials on the 

esogenous task. This suggested that the disengagdshifl component required by invalid 

trials was not irnpaired by alcohol Because these same disengageMifi conditions 

occur with the target onset in endogenous tasks, the RT to invalid trials on these tasks 

also may not be affeaed by aicohol. On the other hand, dmg-fiee RT to invalid trials 

showed that the response to the target was longer on the endogenous tasks than on the 

exogenous task. This is consistent with the assumption that endogenous tasks require 

more information processing. If tasks that require more information processing are 

more susceptible to disniption by alcohol, then RT to invalid trials on endogenous tasks 

might be impaired (lengthened) to a greater degree than on exogenous tasks. 
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4. No-cue trials are identical across tasks, and pnmarily invoive a fairly reflexive capture 

of attention by the presentation of the target. As such, RT on these trials was not 

predicted to differ under alcohol for any of the tasks. 

This experiment also provided an opponunity to explore another question not 

previously addressed: Do changes in subjective feelings of stimulation and sedation relate to 

performance under alcohol? II has long been speculated that the effect of alcohol on behaviour 

is related to arousal level (e.g. Envin et al., 1978; Gustafson, 1986, Limoila et al., 1978). 

Several studies have found increased self-reponed sedation and reduced alenness afier alcohol 

consumption (e.3. Foo 8: Lemon, 1997; Rarnmsayer, 1995). Interestingly, when research has 

examined the subjective effects of a moderate dose of aicohol at different points of the blood 

alcohol curve. a biphasic effect of alcohol on subjective feelings of alenness has been observed. 

with alcohol having a stimulating effect dunng nsing blood alcohol levels and a sedating effect 

while BACS are declining (e .8  Jones & Jones, 1976; Morrow et al.. 199 1 ). However. the 

majonty of the scales used in the past to assess the effect of alcohol on perceived stimulant and 

sedarive effects have not been empiricaliy derived or validated. One scale that has been 

recently developed to assess these characteristics is the Biphasic Alcohol Effects Scale (BAES) 

(Martin et al., 1993; Earleywine & Erblich, 1996). Research on the stimulation and sedation 

subscales of the BAES is supponed by factor analysis. 

The BAES has been used to show that drinkers under a moderate dose of alcohol 

report increased stimulation while BAC nses, and increased sedation while BAC declines (e.g. 

Martin et al., 1993). However, studies using this scale have not examined these ratings relative 



24 

to baseline ratings of stimulation and sedation. or in cornpanson to a credible placebo. Thus, it 

is unclear whether changes in feelings of sedation and stimulation are actually a result of 

alcohol consumption. This was explored in the present experirnent. In addition, the possibility 

that this stimulation might accelerate reactions suggests that dnnkers who repon a greater 

increase in stimulation during rising BACs might also display shorter RT. On the coven 

orienting tasks used in this thesis, such an effect would result in less impairment (less slowin_g 

of R T )  Acohol-induced increase in sedation during declining BACs has ofien been thought to 

contribute to poorer performance under alcohol (e.g. Linoilla et al., 1978) and this suggests 

that those reponing a greater increase in sedation may perform more poorly (more slowing of 

RT) on the coven orienting tasks. The B.US was used to explore these possibilities. 



METHOD 

Partici~ants 

Thirty-six male volunteers between the ages of 19 and 22 (M= 19.583 years, == 
0.874) were recmited from a "subject pool" of university students. Initial contact was made by 

telephone and volunteers were asked if they would agee to pmicipate in a study involving the 

effect of alcohol on computerized tasks (Appendix C- 1). Individuais with uncorrected vision 

problerns or who were currently taking prescription medication were excluded fiom the study 

Participants were paid 5 1 5.00 for their participation. Ethics approval was obtained for t his 

study from the Office of Human Research of the University of Waterloo. Al1 individuais were 

right-handed according to self-report. They were allowed to use whichever hand they 

preferred to perform the tasks and al1 used their n ~ h t  hand exclusively. 

&naratus and Measures 

Three computenzed coven orienting tasks were used, each of which measured reaction 

tirne to target stimuli afier the presentation of visual-spatial waming cues, and when no 

warning cue u-as presented. 

1 . Oneinal - Exoeenous Task (O) This task is based on the original paradigm 

developed by Femandez-Duque & Posner (1997). Participants were seated directly in front of 

a cornputer screen and keyboard, at a distance of 85 cm from the screen. Al1 stimuli were 

presented near the centre of the visual field to Mnirnize eye movement. A pictorial 

representation of the timeline of events dunng a trial on this task and the others used in the 

experiment is presented in Figure 1 . 

A 0.1 cm dot subtendio 0.07 degrees of visual angle served as a central fixation point 
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and was presented for random time periods of between 1 100 and 1500 ms. On the cue trials, a 

cue (a 1.28 cm white circle) subtendino 0.86 degrees of visual angle, with the centre at an 

eccentricity of 2.17 degrees of visual angle was presented for 1000 ms imrnediately following 

the offset of the fixation point at one of four locations (upper, right, lower, lefi). The cue 

rernained on the screen until the target was presented. The target, measunng 1.28 cm. 

subtending O 86 degrees of visual angle. with its centre at an eccentricity of 1.3 1 degrees was 

either a plus sien (+) or a capital letter (X). The target was also presented in one of four 

locations on the screen (upper, right, lower. left), at the same eccentricity for each location. 

The target remained on the screen until a response key was pressed or 1500 rns had elapsed. at 

which point a blank screen appeared for 1000 rns and then a new tnal began. Participants were 

instrucled to press the "n" key on the keyboard if the target was a +, and the "m" key if the 

target was an "X." They were instructed to use two fingers of one hand. and al1 used their 

right hand. Reaction tirne to the tareet stimulus was measured in milliseconds (msec.). .4 test 

on the task consisted of 1 12 trials. Fifiy-six cue trials were presented in a ratio of 

approsimately 80Y0 valid trials to 20°% invalid trials. A valid tnal occurred when the cue and 

the target were presented in the same location. .4n invalid trial presented the target in a 

different location than the cue. Forty-four valid trials were presented during a test with 1 1 

trials O C C U ~ ~ ~  at each target location (upper, right, lower, lefi). Twelve invalid trials were 

presented during a test, with three triais occumng at each target location. No cues were 

presented on 56 trials. Each of the two target stimuli was presented on an equai number of 

trials in each cue condition. 



Figure 1: Timeline for Presentation of Task Components for Thrce T i i s k s  

Fisatioii Cue Trirge t Rcspoiisc 

1500 m s  maximuni 1000 ms 
lntcr-trial 
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2. Endoaenous Numerical Identification Task 9) This task was identical to Task O 

in al1 respects except for the characteristic and location of the cues. In this task the valid and 

invalid cues were represented by the numbers one to four that appeared individually in the 

centre of the screen. The numbers were 0.5 cm in size and subtended 0.34 degrees of visual 

angle Each number corresponded to a particular quadrant of the screen. (upper-1, right=?, 

l o w e d .  lefi=4). The quadrant numbers were clearly labeled on the front fiame of the 

computer monitor in 3 centimeter high digits that were placed in the centre of the 

correspondin9 pan of the monitor fiame. On the 44 valid trials, the numencal cue identified 

the quadrant in which the tarset would subsequently appear. On the 12 invalid trials, the 

number incorrectly predicted the quadrant in which the target would appear The proportion 

of valid to invalid trials remained the same as in the original task (80O;P to 20°h respectively). 

and the rernaining 56 tnals presented no cues. 

3 Endogenous .%thmetic Task (A) This task was designed to present cues that 

involved more information processine than Task N. It was identical to Task N except that the 

cue presented in the centre of the screen to indicate the location of the target was a basic 

mathematical equation. The equations consisted of two numbers between zero and six and 

were solved by addition or subtraction. The equations were 1.28 cm in size and subtended 

O 86 degrees of visuai angle. On valid trials. solving the equation predicted the location of the 

target. For example, the equation in the centre of the screen might read l+3, indicating the 

target will appear in quadrant four. The equations were simple enough for university students 

to solve without difficulty. On invalid tnals the solution to the equation did not identify the 

quadrant in which the target subsequently appeared. The remaining 56 trials presented no 



cues. 

Blood rUcoho1 Concentrations (BACS) Blood alcohol concentrations (BACS) were 

measured using a CMI Intoxilyzer, mode1 S-D2. 

Biphasic .i\lcohol Effects Scaie {BAES) (Manin et al., 1993) This self-repon adjective 

rating scale (Appendix C-5) provides a measure of the stimulant and sedative effects of 

alcohol. The instrument contains a seven-item stimulant subscale and a seven-item sedative 

subscale Ratings are provided on a IO-point scale ranging From O 'hot at al]" to I O  

"extremely". Scores were calculated by surnming the numerical responses for the seven 

adjectives on each scale. separately The maximum score on each scaie was 70. The B M S  is 

very psychometrically sound. It has high intemal consistency in both sober and intoxicated 

panicipants. and was developed using factor-analytic methods (Manin et al.. 1993). .4 four 

factor structure was supponed consisting of ratings on each subxale dunng rising and falling 

BACS. The factor structure has recently been confinned (Earlywine & Erblich, 1996). The 

scale is typically completed afier alcohoi has been administered and the instructions ask 

respondents to indicate how alcohol is affectin% them. In order to also obtain a drug-free 

baseline measure of stimulation and sedation, the instructions were modified for this 

expenment and asked for a report of feelings at the time of the administration of the scale. 

Drinkin~ - Habit Questionnaire (Vogel-Sprott, 1992). This questionnaire (Appendix C- 

3) provided a measure of panicipants' current use of aicohol in terms of dose (ml absolute 

alcohol per kg body weight) per drinking occasion, and the weekly fiequency of these 

occasions. Two additionai questions asked if participants had ever been convicted for irnpaired 

divine, and if they had ever experienced problems due to their drinking. These two questions 
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were included in order to identify and exclude any individual who rnight have aicohol-related 

problems. However, no participants reponed any such problems. 

Dtink Streneth Ouestionnaire. AI1 participants rated the alcohol content of their drinks 

by companng it with bottles of beer containing 5% alcohol (Appendix C-6). The scale ranged 

fiom zero to I O  bonles of beer in 0.5 increments. Zero indicated that the beverage was equal 

to no beer (Le no alcohol). The scale ratings were used to determine whether panicipants 

reponed that their beverage contained some alcohol. NI participants in this study reponed 

that they had consumed alcohol. 

Procedure 

Training Session This session allowed participants to become familiar with the three 

tasks and provided practice trials so that they acquired proficiency on the tasks pnor to any 

treatment. Testing occurred on an individual basis. Upon arriving at the testing room, 

panicipants were given a general description of the study (Appendix C-7) and were asked to 

read and sign the study consent form (Appendix C-2). They were then seated in front of the 

cornputer screen and the instructions for Task O were read to them by the experimenter 

(Appendix C-8). Subsequentiv, pmicipants performed a group of 20 familianzation trials on 

Task O. The expenrnenter observed their performance in order to ensure that the task 

instructions had been understood and the task was being performed correctly. Afier 

participants were familiarized with the task and testing procedure, the expenmenter lefl the 

room and they practiced the task by performing a block of 112 trials. This procedure was 

repeated for Tasks N and A with a one and a half minute break in between each task, during 

which time the experimenter re-entered the room to aart the nen task. Participants performed 
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one practice block on each task. 

At the cornpletion of training, participants completed the Drinking Habit Questionnaire 

(Appendix C-3) and were weighed. Participants made appointments to retum for the 

treatment session and it was explained that they would be required to abstain fiorn alcohol and 

other dmgs for 24 hours pnor to the treatment session in order to prevent confounding effects 

of pnor dmgs in their bloodstrearn (Appendix C-9) In order to standardize the rate of 

absorption of alcohol. panicipants were also required to abstain fiom food and dnnk, apan 

from sips of water, for four hours pnor to the expenmental session and to avoid cenain foods 

dunng the meal pnor to fasting. To assist compliance with the eating and fasting requirements. 

a menu of permissible and nonpermissibie foods pnor to fasting (Appendix C-4) was oiven to 

al1 participants. 

Treatment Session This session occurred within one week following the trainins 

session Panicipants were randomly assigned to one of two groups: alcohol (A) or placebo 

(P)  At the outset of this session, adherence to the fasting instructions was verbally confirmed 

(Appendix C-10) and a baseline breath sample was taken to ensure that the panicipant had not 

consumed any alcohol immediately pnor to the session. Participants then cornpleted the 

BAES Subsequently, they were seated in front of the computer screen and the instructions for 

Task O were read to them by the experimenter (Appendix C-1 1). They then performed 10 

reminder trials on this task. This procedure was repeated for each of the two remaining tasks. 

.Mer completing the reminder trials on ail three tasks, the experimenter lefl the room and the 

participant completed one pre-test block of 112 trials on each task. The task blocks were 

separated by a one and a half minute rest penod dunng which the experimenter re-entered the 



room and set the computer for the nen task. The time to complete al! three tasks was 

approximately 25 minutes. The order in which tasks were tested was counterbalanced among 

participants in each group and one of three possible task orders was administered to a given 

participant (0.N.A; N,A,O; or 4 0 . N ) .  These pre-test blocks provided a pre-treatment 

baseline measure of participants' performance pnor to receiving any treatment. The temporal 

schedule of events for the entire treatrnent session is shown in Appendix C- 12. 

Participants in Group A then received 0.62 g/hg of absoiute alcohol divided equally 

into two drinks containing one pan alcohol and two pans carbonated mix. Pmicipants drank 

both beverages within six minutes. and then rested or read magazines for 17 minutes, 

Participants in Group P received a placebo consisting of carbonated mix with a few drops of 

alcohol on the top. It was served in two glasses that had been sprayed with an alcohol mist 

that appeared as condensation, but provided a strong alcoholic scent as the beverages were 

consumed Previous research has shown that participants report that this beverage contains 

alcohol ( e s  Fillmore 8: Vogel-Sprott. 1995; Fillmore. Mulcihill, Br Vogel-Sprott. 1994). 

Group P participants drank the beverage within sis minutes and then rested or read magazines 

for 17 minutes. 

M e r  the rest, a breath sarnple was obtained from Group A to measure their BACs. and 

Group P also provided breath samples ostensibly to measure their BACs. Al1 participants then 

performed one block of test trials on each task while alone in the room. The order in which a 

participant performed the three tasks was identical to the pre-test order of his tasks. Previous 

research has s h o w  that the time period during which this three task block of trials (Test 1) 

was perfomed is when BACs are typically rising and peaking (e.g. Fillmore, Carscadden. & 
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Vogel-Sprott. 1998). Irnrnediately following Test 1 participants again completed the BAES 

and then provided a breath sample. 

Participants then rested or read magazines for 15 minutes before another breath sample 

was obtained. Eighteen minutes later participants completed a second block of trials on each 

of the three tasks (Test 2 )  This second test on the tasks was scheduled to encompass times 

when BACS were faliing .At the conclusion of the test blocks al1 participants again completed 

the BAES and pro~ided breath samples. They then completed the Drink Strength 

Questionnaire (Appendix C-6). M e r  debnefing (.4ppendix C- 13, C- 14) and payment, 

participants remained in the lab for cofee and snacks and were provided uith transpo~ation 

home as needed. 

Criterion Measures and Data .eiaIv= 

Task Performance A participant's mean RT for correct responses to valid, invalid. and 

no-cue trials respectivelu, were calculated for each of the three tasks. during the baseline and 

the two alcohol tests. Mean change in RT on a given task was calculated by subtracting each 

panicipant's RT for each cue condition on each test under alcohol fiom his baseline RT for 

ihat cue condition. This resulted in two measures of change in RT under alcohol for each task, 

for each of the three cue conditions within a task. A positive change score represented 

improvement (shoner RT) as compared with baseline performance. and a nesative change 

score represented impaired performance (longer RT) under treatment. 

Because the distribution of RT scores is oflen positively skewed, the change score 

results were confirmed with analyses using log transformations of the RT data. 

Response accuracy scores for valid triais were cornputed for each participant by 
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determining the total number of accurate responses, out of a total of 44 possible responses, for 

each of the three tasks. Accuracy scores for invalid trials were computed for each participant 

by determining the total number of accurate responses. out of a total of 12 possible responses, 

for each task. Accuracy scores for no-cue tnds were computed for each participant by 

determining the total number of accurate responses, out of a total of 56 possible responses, for 

each task. 

BAES Ratines A participant's rating of stimulation and sedation were obtained for 

each of the three test periods during baseline and on each limb of the blood alcohol curve 

(while BACS were rising and falling). Change in stimulation and sedation were calculated by 

subtractins each panicipant's baseline rating on a subscale fkom the ratin3 taken on each limb 

of the blood alcohol curve for that subscale. This resulted in two measures of change in 

subjective feelings for each subscale. A positive change score represented an increase in 

feelings of sedation or stimulation, as compared with baseline performance, and a neoative 

chanse score represented decreased feelings of sedation or stimulation under treatment. 



RESULTS 

NI raw data for each participant are presented in Appendix K. 

Procedural Checks 

Dnnking Habits 

Participants were between 19 and 22 years of age with a mean (SD) age of 19.58 

(0.87) years They reponed that they had been drinking regularly for a mean (SD) of 47.56 

(2 5.3 1 ) mont hs. One-way .4NOV.4s performed on each of the three drinking habit measures 

revealed no significant group differences @s? 0.365)(Appendix D-l ). The sample of 

participants @=3 6) reponed a mean (SD) dnnking fkequency of 1 -58 (1.78) rimes per week. 

with a mean (93) dose per drinking occasion of 1.22 (0.68) mikg. This dose is the equivalent 

of approsimately five bottles of 5% alcohol beer for a 75 kg man. The mean (SD) duration of 

drinking occasions was 3.95 (1.91) hours. These findings are consistent with the noms 

reponed by male university students on this questionnaire (Vogel-Sprott, 1992). 

Beveraee Ratinas 

.;UI participants who received a placebo beverage (Group P) reponed that their 

beverage contained alcohol. Their mean (m drink rating under placebo was 2.1 1 (0.83) 

beers. Thus, the placebo was a credible substitute for alcohol. 

Pre-treatrnent Baseline Performance 

A 7(group) x 3(task) ANOVA was performed on the RTs, separately for each of the 

three cue conditions. There were no significant group effects @m. 180) or task by group 

interactions (es 3 .076)  for any of the cue conditions (Appendix D-2, Tables 1-3). Thus, the 

RT of the groups to cue conditions on the three tasks did not differ on the baseline test, prior 



to treatment. In accord with the prelirninary drug-free expenment, these ANOVAs also 

showed significant task effects for valid and invalid trials (E(2,68)=10.854, e= 9.001 and 

F(2,68)=5.472, ~=0.006 respectively) and no significant task eflect for no-cue trials (e=O.9 15). - 

ANOVAs of log transfonned RT measures yielded the sarne conclusions (Appendix D-2, 

Tables 4-6). 

The RT means and standard deviations for the sample (N=36) are presented in Table 1 .  

The mean RT to valid triais in each task are in the order observed in the prelirninary drue-free 

experiment with the shonest RTs occumng on Task O and the longest RTs occumng on Task 

A. The same pattern occurred with invalid trials. although there was littie difference between 

the mean reaction times on Tasks N and A. The mean RTs on no-cue trials were almost 

identical for the three tasks. This was expected because these trials presented no cues for the 

tarpets and thus were the same in ail tasks. 

Table 1 : Mean RT and (msec ) to Three Cue Conditions on each Task at Dmg-Free 
Baseline 

Valid Invalid No Cue 
Mean - SD Mean - SD Mean - SD 

Task O 45 1 61.3 I 480 68.80 50 1 57.50 
Task N 46 1 58.55 504 72.92 499 61.92 
Task A 473 55.67 508 66.83 499 64.02 

Table 1 also shows that the mean RTs to the three different cue conditions within Task 

O continued to show that RTs were shonest on valid trials and longest on no-cue trials, with 

RTs on invalid trials being intermediate. In the two endogenous tasks (N and A), RTs to valid 



tnals were shortest and RTs to invalid trials were slightly longer than RTs to no-cue tnals. 

Dmg-free baseline accuracy of responses to the 44 valid triais on each task ranged from 

42.9 1 to 42.44, representing 97.5% to 96.5% accuracy. Responses to Task O were most 

accurate and responses to Task A were least accurate. Responses to invalid and no-cue tnals 

were sirnilar with baseline accuracy of responses to the1 2 invaiid triais on each task ranging 

fiom 1 1 89 to 11 6 7 ,  representing 99.1% to 97.2% accuracy, and baseline accuracy to the 56 

no cue tnals on each task ranging fiom 5 4  75 to 54.50, representing 97.806 to 97.3% accuracy 

Response accuracy was exceptionally high, almost perfect, for al1 cues conditions on al1 three 

tasks. Appendix D-3. Tables 1-3 present the means and percent accuracy on the three tasks 

for valid. invalid and no-cue trials under drug-free and treatment conditions for both groups. 

Accuracy on the treatment tests for the alcohol group ranged fiom 98.1% to 93.1%. For the 

placebo group. accuracy ranged fiom 99.5% to 95.5%. 

Treatment Effects 

The mean BACs and Standard Error of Measurement (SEM) of participants in Group 

A during treatment are presented in Figure 2, together with the temporal schedule of tests on 

the set of tasks. The rneans show that BAC rose to a peak of 91mg/100rnl at 55 minutes after 

drinking began, and subsequently declined. The first test under alcohol (fiom 25 to 50 

minutes) occurred while BAC rose fiom 73 to 87 mg1100m1, for an average rising BAC of 80 

m g 1  00ml The second test (From 90 to 1 15 minutes) occurred during declining BACs of 80 to 

74 mg1 OOrnl, for an average of 77 m g 1  00ml. The means and standard deviations in BAC 

over time are presented in Appendix E. 
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Valid Trials 

A 2(group) x 3(task) x t(test) ANOV.4 was performed on the changes in RT for the 

two groups on the three tasks d u h g  the two tests (Table 2). The results revealed a significant 

task x group interaction, E(2,68)=3.450. ~=0.037, as weil as a main effect of group. 

E( 1.34)=4.565. @. 040. No other main effects or interactions were significant (ES 20.360). 

Figure 3 shows the mean change in RT From dnig-fiee baseline for each task, averaged over 

the two tests. A positive change means improvement under treatment (RT became shoner) 

compared to baseline. whereas a negative change means impairnent (RT became longer). The 

figure indicates that the interaction arose because the two groups did not differ in their 

performance on Task O. 

Table 2: .balysis of Variance of Change in RT to Valid Trials For Two Groups on 
Three Tasks and Two Tests 

Source - Df - MS - F E 

Between Subjects 
Group I 12552.58 1 3.565 O. 040 
Error 33 2749.990 

Within Subjects 
Test 1 6 19.896 O. 646 0.427 
Test x Group 1 742.37 1 0.774 0.385 
Error 34 959.394 

Tas k 
Task x Group 
Error 

Test x Task 2 119.91 1 0.358 0.701 
Test x Task x Group 2 141.453 0.423 0.658 
Error 68 335.387 
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On Tasks N and -4, however, the RT of Group A was irnpaired (lengthened) whereas no such 

change was shown in Group P. The mean change in RT and standard deviations for the two 

groups, on eac h task averaged over the two teas, are presented in Appendix F- l , Table 1 . The 

means and standard deviations for each group. on each task, are presented for each test in 

Appendix F- 1. Table 2. 

il was hypothesized that RTs on the two endogenous tasks. N and A would be 

significantly impaired by alcohol whereas no alcohol effect was predicted for the exogenous 

Task O. The simple effects of group for each task were tested using the within ce11 emor terni 

from the analysis in Table 2 as suggested by Howell ( 1992, p.450-452). The calculations for 

this analysis are presented in Appendin F-2 and the source table is presented in Table 3 .As 

predicted. RTs of Group .A were significantly longer than those of Group P on Tasks N and .A 

(es cO.0 12 and <0.00 1 respectively). In addition, alcohol did not significantly impair RT to 

valid trials on Task O relative to placebo (pO.05) .  

Table 3 : Cornparison of Change in RT to Valid Trials for Groups -4 and P on Each Task 

Source - d f - MS F D 
Group at Task O 1 46.950 0.030 >0.05 
Group at Task N 1 9056. 568 5.733 x0.0 12 (one-tailed) 
Group at Task A 1 29727.277 18.8 18 <O. O0 I (one-tailed) 
Error 80.039 1579.75 1 

It was aiso hypothesized that Task N should be more impaired by alcohol than Task O, 

and Task A should be more impaired than Task N. This was tested using the change in RT for 

Group .A on the two tests of Tasks 0' N and A (see Howell, 1992. p.449). The results of the 



3(task) x ?(test) analysis of variance for Group A are presented in Table 4. The task error 

terni fiom this ANOVA was used to test the prediction that the change in RT on Task A was 

nreater than on Task N (Table 4) This hypothesis was not supponed. The change in RT on 
C 

the two endogenous tasks (N and A) did not differ, E(l,34)=O.O 1 1, g=O.9 17. However, a 

cornparison between change in RT on Task O and the change in RT on Tasks N and A 

combined. confinned that RT to valid trials in the two endo_penous tasks was significantly more 

impaired than RT in the exogenous Task O. E(1.34)=16 360, p<O 001 

Table 4: Analysis of Variance of Change in RT for Group A on Valid Trials for Three 
Tasks on Two Tests 

Within Subjects 
Source - DF - MS F - E 

Test 
Error 

Task 
Error 

Test x Task 7 20.435 0.055 0.947 
Error 34 371 .346 

Contrasts 

Tasks N vs A 
hypot hesi s 1 11.681 0.01 1 0.91 7 
erro r 34 1065.339 

Task O vs N+A combined 
hypot hesis 1 17428.445 16.360 cO.00 1 
error 34 1065.339 
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The conclusions based on the analyses of change in RT on valid trials were consistent 

with the groups' log-transforrned RT measures on valid trials in each of the tasks. .4 2(group) 

x 2(test) x 3(task) ANOVA of log RTs for valid trials at baseline and on the mean of the two 

treatment tests is presented in Appendix F-3, Table 1 The log means and the mean RTs 

converted fiom the log-transformations, are show in Appendix F-3, Table 2. Figures la and b 

in Appendix F-3 show the group log means at baseline and under treatment on each task. 

It is also of interest to note the performance of the placebo group on the tasks The 

change in RT for Group P (Appendix F- l Table 2) on the three tasks was negligible on Tasks 

O and N. but RT improved (shonened) fiom baseline on Task A. Funher examination of 

Group P's performance on valid trials was conducted using an analysis of variance of the 

change in RT for Group P on the two tests of Tasks O, N and A. The results of the 3(task) x 

Z(test) analysis of variance are presented in Appendix F-4, Table 1. The task error term from 

this ANOV.4 was used to conduct a post-hoc companson of the change in RT under placebo 

between Tasks O and K These analyses revealed thar change in RT on Tasks O and N did 

not significantly differ @=O 069). A second post-hoc companson revealed that RT on Task .A 

improved (shortened) fiom baseline to a significantly greater degree than on Tasks O and N 

combined. E( 1,34)=86.382, ~<0.00 1.  These analyses are presented in Appendix F-4, Table 1. 

Invalid Trials 

A 2(group) x 3(task) by 2(test) ANOVA was performed on the changes in RT to 

invalid trials for the two groups on the three tasks during the two treatment tests (Table 5). 

No main effects or interactions were significant (Q-. 116). Means and standard deviations of 

change in RT on the three tasks for the two groups, on the two tests, are presented in 



Appendix G-1 . The mean change in RT fiom drug-free baseline for each task, averaged over 

the two tests is presented in Appendix G-1, Figure 1 .  Positive change means improvement 

under treatment (RT became shoner) compared to baseline, whereas a negative change means 

impairment (RT became longer) compared to baseline. The consistent positive change scores 

obtained by bot h groups on each of the tasks indicate that perfomance on invalid trials was 

not impaired The mean change ( S D )  in RT to invalid triais for the entire sample was 12-94 

(33.30) msec. 

Table 5 :  Analysis of Variance of Change in RT to Invalid Trials for Two Groups on 
Three Tasks and Two Tests 

Source - DF - MS - F e 

Between Subjects 
Group 1 7 1.392 0.010 0.919 
Error 33 6847.672 

Within Subjects 
Test 1 3.697 O. 006 0.939 
Test x Group 1 535.815 0.855 0.362 
Error 33 626.938 

Task 
Task x Group 
Error 

Test x Task 2 600.540 O. 624 0.539 
Test u Task x Group 2 2138.446 2.22 1 0.1 16 
Error 68 962.853 

Although the analysis (Table 5) showed that alcohol did not impair (slow) RT to invalid 

trials on the endosenous tasks, the prediction that changes in RT under alcohol might relate to 



tasks was tested using a 3(task) x 2(test) anaiysis of variance of changes in RT in Group A. 

The results of this analysis are presented in Table 6. No significant main effects or interactions 

were observed QszO.5 15). Thus, the changes in RT on invalid trials under alcohol were not 

related to the tasks. The mean change in RT ISD) for Group A was 7.18 (4 1.99) msec. for 

Task O, 20.23 (36.84) mec. for Task N. and 13.13 (3 1.97) msec. for Task A. 

Table 6 halysis of Variance of Change in RT for G & U ~  .4 on Invalid Trials for Three 
Tasks on Two Tests 

Within Subjects 
Source - DF - MS 

Test 
Error 

Tas k C 3 1535.412 O. 546 O. 584 
Error 34 28 13.803 

Test x Task 2 407 196 0.448 O. 643 
Error 34 909 O03 

The conciusions based on the analyses of change in RT on invalid tnals (Table 5) were 

essentially confirrned by a Z(group) x :(test) x 3(task) ANOVA of log RTs for invalid tnals on 

the baseline and on the mean of the two treatment tests. This analysis (Appendix (3-2, Table 1 )  

also shows no significant effect of group, -(1,34)= 1.948, g=O. 172, or any interactions 

involving group (~~20.809) .  However, the analysis obtained significant main effeas of test, 

F(1,34)=7.742, ~=0.009 and task, E(2,68)= 10.78 1, ~<0.00 1.  The log means and the mean - 

RTs convened £Yom the log-transformations for each task on the baseline and the mean of the 

two treatment tests are shown in Appendix G-2, Table 2. These means indicate that the RT of 



both groups tend to be shoner (better performance) during treatment as compared to the 

baseline test. In addition, RTs continued to be shortest on Task 0, and longest on Task A. 

No-Cue Trials 

A Z(group) x 3(task) x Z(test) ANOVA was performed on the change in RT for the 

two groups on the three tasks dunng the two treatment tests (Table 7). The results revealed 

no significant main effects or interactions (jp20.408). The means and standard deviations for 

change in RT on the three tasks for the two groups on each test separately are presented in 

.4ppendin H- 1 As expected, alcohol did not impair reactions to no-cue trials on any task. and 

the alcohol and placebo groups performed sirnilarly. The mean change in RT for the entire 

sample was 7 1 6 (20 1 7) msec. 

Table 7 :  Analysis of Variance of Change in RT to No-Cue Trials for Two Groups on 
Three Tasks and Two Tests 

Source - DF 

Between Subjects 
Group 1 
Error 33 

Within Subjects 
Test I 
Test s Group 1 
Error 33 

Task a 7 

Task x Group 2 
Error 68 

Test x Task 2 
Test x Task x Group 2 
Error 68 
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The conclusions based on the analyses of change in RT on no-cue trials were checked 

using the log RT measures. A Z(group) x ?(test) x 3(task) ANOVA of these log scores on the 

baseline and the rnean of the two treatment tests is presented in Appendix H-2, Table 1.  These 

results also show no significant effect of group, F(l1,M)=O.685, e=O.4 14 or task, 

F(2,68)=0.500, e=0.609, and no significant interactions (eQ0.365). However, the analysis - 

obtained a significant main effect of test , F(1.34)=4.211. ~=0.048. The log means and the 

mean RTs convened from the log-transformations, are shown in Appendix H-2, Table 2. 

These means indicate that the RT became shorter (better performance) during the treatment as 

compared to the baseline test. 

In summaq. the analyses of the RTs of alcohol and placebo groups to valid. invalid. 

and no-cue trials on the exogenous and endogenous tasks confirmed the hypothesis that 

alcohol irnpaired (lengthened) responses to valid trials oniy on the endogenous tasks. The 

change in RT shown by the groups to invalid and no-cue trials did not difTer on any of the 

tasks. and these RTs tended to become shoner during the treatment tests. as compared to the 

baseline test. 

The RT on valid triais was typically shoner than the RT on invalid t d s  withjn each 

task. However. because alcohol selectively lengthened the RT to valid t d s  in the endogenous 

tasks, the difference between the RT to valid and invalid trials tended to converge from 

baseline to treatment in the alcohol group but not in the placebo group. This suggests that an 

analysis of the RTs to these two types of cues on baseline and treatment tests might reveal a 

group x cue x test interaction for endogenous tasks. This wouId not be expected for the 

exogenous task because RTs were not significantly affected by alcohol. This thesis research 



48 

was not designed to test this possibility and the few tests on the tasks might limit the ability of 

an analysis to detect this three-way interaction. However, exploratory analyses of log RT 

scores on valid and invalid trials during baseline and the mean of the two treatment tests were 

perfonned for each task (Appendix 1). The analysis of the exogenous Task O (Appendix 1. 

Table 1) obtained no significant cue x test x group interaction effects, E(2,68)=0.220, ~=O.803. 

Appendix 1. Table 2 shows that the mean RT to vaiid and invalid trials was essentially similar 

across tests in alcohol and placebo groups. 

Similar analyses of each endogenous task are shown in Appendix 1. Tables 3 and 5 

respectively These analyses obtained three-way interaction efects that had lower probability, 

but did not reach g=0.05. [F(1.68)=2.175. g=0.17 1 and E(2,68)= 1.984, g=0.145, respectively]. 

The mean RTs for vaiid and invalid tnals on each endogenous task are shown for groups A and 

P in Appendix 1, Tables 4 and 6 These mems tend to suggest that the difference between the 

RTs to valid and invalid tnals was beginning to converge (increasingly shoner RT to invalid 

trials and longer RT to valid trials from baseline to treatment) in group A. In contrast. the 

difference between these RTs in the placebo group remained substantial. 

Subjective bi~hasic effects of alcohol The BAES was cornpleted three times by al1 

pariicipants. Ratings were obtained during the pretreatment baseline and twice durino 

treatment. at times when the BAC in Group A was nsing and declining. The mean (m) 
subscale ratings at each of these times are presented for Groups A and P in Appendix J- 1, 

Table 1. Higher ratings represent greater feelings cf stimulation or sedation. The table 

indicates thar the ratings by Group A in this experiment are consistent with the findings of 

Martin et al. (1993). On the nsing limb of the B K  curve. stimulation was rated higher than 
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sedation, whereas on the fdling limb, sedation was rated higher than stimulation. The ratings 

also show that stimulation ratings increased from baseline when BAC was rising. and 

decreased when BAC was falling. In contrast. ratings of sedation continued to increase From 

baseline over the same time penod. 

Ratings by Group P showed a different pattern. They remained fairly stable on both 

scaies during the two limbs of the BAC curve, with stimulation consistently rated higher than 

sedation. 

A Z(group) .u 2 (subscale) ANOVA was performed on the baseline ratings of the 

sedation and stimulation subscales for the two groups in order to ven@ that the group ratings 

did not significantly differ at drug-free baseline (Appendix J- I l  Table 2). The main effect of 

group and the group x subscale interaction were not significant (g@. 160) indicating that the 

ratings of the two groups did not differ at baseline. The analysis also revealed a significant 

main effect of subscale. F( 1 3 ) = 5  1 520, g<0.00 1.  Appendix J- 1, Table 1 shows that both 

Proups rated stimulation higher than sedation at baseline. 
e 

The difference between a panicipant's baseline rating on each subscale and each of his 

other two ratings were used to measure the change in stimulation and sedation during the 

rising and falling limbs of the BAC curve. A positive change represents an increase in intensity 

compared to baseline (e. g. increased stimulation or sedation) and a negative change represents 

a decrease in intensity (e-g. decreased stimulation or sedation). The mean ISD) changes in 

each subscale rating during rising and falling BACS are presented in Appendix J-2, Table 1. 

Changes in ratings of stimulation or sedation under alcohol and placebo were rneasured 

in order to explore the possibility that they may relate to changes in task performance. 
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Because alcohol impaired RT on valid trials on the endogenous tasks, the change in RT on the 

valid trials of Task A was used to evaluate performance. 

Correlations between these subjective and behavioural rneasures were calculated for 

each Iimb, separately for each group and subscale The entire set of correlations are presented 

in -4ppendix J-2, Table 2. No significant correlations were obtained between changes in 

stimulation rating and RT on Task A for either group @-values ranged £Yom 0.283 to 0.822). 

Similarly. no correlations between changes in sedation and RT were significant (E-values 

ranged from 0.265 to 0.623). 

The relation between changes in ratings of subjective effects and changes in RT to valid 

trials was also explored by hierarchical regression analyses. The possibility that an increase in 

stimulation during rising BACS rnight be associated with less impairment (Le. less slowing in 

RT) was tested using participants' mean change in RT on Task A during the rising limb of the 

BAC cuwe as the dependent measure. Group (A and P) was treated as a categorical variable 

and was entered in the first step of the regression analysis to account for the amount of 

variance in RT that was due to the effect of alcohol versus placebo. Change in stimulation 

ratin- during rising B.Ks  was entered next as a continuous variable in order to test whether 

this accounted for a significant amount of additional variance in participants' change in RT 

(Step 2) The group x rating interaction was entered last to determine its unique contribution 

to the variance in RT that was not accounted for by the main effects of group and chanse in 

stimulation rating (Step 3) (Cohen and Cohen, 1975, p.302). The results of the analysis are 

presented in Appendix J-2, Table. 3. Step 1 showed a significant main effect of Group 

(E=S 7 13, g=0.023). This finding is consistent with the increased RT under alcohol of Group 
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A compared with Group P. This group effect accounted for 14.4% of the variance in the 

change in RT. This result is consistent with other analyses in the thesis that show alcohol 

increased RT to valid trials on Task A as compared with a placebo. Step 2 revealed no 

significant effect of stimulation rating (~=0.666) and Step 3 revealed a nonsignificant group x 

rat ing interaction (g=0.643). Thus, neither the regression analysis, nor the separate 

correlations detected any significant relationship between change in ratings of stimulation and 

change in RT during rising BACs. 

A similar hierarchical regression explored the possibility that an increase in ratings of 

sedation might be associated with greater impairment (i.e. longer RT) during declining B.Ks 

(Appendis J-2. Table 4). Step 1 showed a significant main effect of Group (E=7 388. 

p=0 010) that accounted for 17.9?& of the variance in RT measures. This finding again 

confirmed that alcohol lengthened RT. Steps 2 and 3 revealed no significant effect of sedation 

rating (g=0 837) or goup x rating interaction (p=0.378). Thus, the regression analyses and 

the separate correlations both showed no significant relationship between the changes in 

ratings of sedation, and change in RT durin3 declining BACs. 



DISCUSSION 

This expenment was designed to test the effect of a moderate dose of alcohol on the 

performance of three coven orienting tasks of attention. A group of social drinkers perfonned 

a drug-freee test on the set of three tasks. Two more tests were administered after alcohol was 

received. One occurred while BAC was rising, and the other occurred while BAC was 

declining. The order in which the tasks were performed during a test was counterbalanced 

within the group. so that each task was tested at the same averaoe BAC. This procedure 

controlled for differences among individuals in the ability to perform the tasks, and sensitivity 

to alcohol hother  group that received a placebo was treated identically in order to control 

for the expectation of receiving alcohol. 

The study tested four hypotheses regarding the effects of alcohol on coven onentins. 

usino an exosenous task, and two endogenous tasks that differed in the amount of information 

processing required by the cues for the target. The first hypothesis focussed on the RT to valid 

trials and predicted that performance on the endogenous Number and .4rithmetic tasks. which 

required cogitive decoding of the cues. would be impaired (lengthened) to a greater degree 

under aicohol than would be performance on the original exogenous task, which was more 

reflexive in nature. This hypothesis was supponed. RT on the Number and .eithrnetic tasks 

was lengthened by alcohol. whereas the RT on the exogenous task was not significantly 

changed. In addition. the change in RT under alcohol significantly differed f'rom placebo on 

the endogenous tasks. RT became longer under alcohol and shoner under placebo. Thus, 

alcohol had no signifiant impact on reflexive exogenous orienting where attention was dram 

to the target location by the cue. In contran, orienting that required cognitive decoding of the 
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valid cues and a controlled shift of attention to the target location was impaired by alcohol. 

The second hypothesis predicted that valid triais on endogenous tasks with cues that 

required greater cognitive processing should be more impaired by alcohol. Thus, RT to valid 

trials on the ?Inthmetic task was hypothesized to be more impaired, that is lenghened to a 

greater degree under alcohol. compared to the Number task. The results failed to suppon this 

hypothesis The intensity of the alcohol impairment on valid triais did not differ between the 

two endogenous tasks. even though the hithmetic task presented cues that required more 

information processing. This result might be considered to indicate that there was little 

difference in the amount of information processing required by the two endogenous tasks. 

However. this seems unlikely because the actual speed of RT on the tasks was consistent with 

the degree of information processing entailed in the tasks (i.e., RT on the Number task was 

shorter than on the Arithrnetic task). This was demonstrated in the preliminary expenment and 

the present esperiment. and suggests a robust and reliable difference in the processing 

requirements of the tasks If alcohol were affecting the tasks as a function of the amount of 

information processing involved, there should at least have been a trend for greater impaiment 

(a greater slowing in RT) on the Anthmetic task than on the Number task. However, no 

indication of any such trend was observed. Future research could examine whether tasks 

showing a geater difference in information processing demands dnig-fiee, continue to show 

the same pattern of resuits found in the present research. 

A number of possible explanations might be suggested to explain why the degree of 

impaiment induced by aicohol on valid trials did not relate to the arnount of information 

processing involved in the two endogenous tasks. It mioht be that the depressing effect of a 
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dose of alcohol exens a fairly constant reduction in information processing, slowing it by the 

same amount regardless of how much processing the task cues require. The findings on the 

endogenous tasks show that some amount of information processing is required before alcohol 

will impair performance on the task. It is also possible that the degree of impairment might 

depend on the size of the dose, rather than the arnount of information processing entailed in the 

task This speculation could be evaluated by other research testing the efl'ect of different doses 

of alcohol on endogenous onenting tasks that range widely in the degree of information 

processing required by the cues. 

A third set of hypotheses concemed the effect of aicohol on RT to invalid triais. 

Invalid cues direct attention to an incorrect target location. and RT rneasures the time to 

disengage and shift attention from that location to the target when it is presented. .4lthough 

cues in the exogenous task required no information processing and cues in the endogenous 

tasks presented information that had to be decoded, alcohol did not significantly affect RT to 

invalid trials on either type of task. No impairment was etident, and the RT of alcohol and 

placebo groups did not differ Thus the results from invalid trials suggest that the 

disengageishift cornponent of attention is resistant to the effect of a moderate dose of aicohol. 

regardless of whether invalid cues require information processing. 

The founh hypothesis involved no-cue trials. Since these trials were identical across 

tasks and primarily involved a fairly retlexive capture of attention by the presentation of the 

target, alcohol was not expected to significantly affect RT to no-cue trials on any of the tasks. 

The results confirmed that performance on these trials was not impaired by alcohol for any 

task, and did not difFer between alcohol and placebo. 



In summary. the results showed that a moderate dose of alcohol had no significant 

effect on the exogenous task where the presentation of cues and targets fairly reflexively drew 

attention. In contrast, the performance of endogenous tasks was impaired by alcohol, and this 

effect was specific to valid tnals, where cues convey correct information about the tarset 

location that must be decoded Alcohol failed to affect RT to invalid triais on any task. These 

trials also presented informative cues about the target location, but the information was 

incorrect, and attention had to be shified to the correct position when the target appeared. 

Endogenous tasks, such as Tasks N and A, are thought to involve "controlled" 

processes where the information provided by the cue must be cognitively processed and 

decoded before it can be utilized. In contrast. exogenous tasks. such as Task O. have long 

been thought to involve more reflexive processes where attention is primarily drawn to the 

location of the cue once it appears The fact that RTs on valid trials were only affected by 

alcohol on the endogenous tasks. suggests that only this controlled mode of processing 

information is affected by a moderate dose of alcohol On valid tnals in the endogenous tasks. 

attention is cued by information about the target location and is shified to that position so that 

the target can simply be identified and responded to when it appears. Although invalid cues in 

these tasks are identical in nature to those presented on valid trials, the information provided 

by the cues is incorrect. Thus, attention is cued to the wrong location, and when the target 

suddenly appears in an unexpected place. attention mua be shifted to that location before a 

response can be made. This additional disengage/shifi component of invalid trials may be an 

important consideration in explaining why aicohol only impaired RT on valid triais on the 

endogenous tasks. It has been suggened that the abmpt onset of the target in an unexpected 
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location essentially intempts the more controlled, voluntary shifiing of attention to the cue, 

and elicits a reflexive orienting response which is more effective in drawing attention than is an 

incorrect cue ( e . g  Muller & Rabbitt, 1989: Yantis & Johnston. 1990). This more reflexive 

mode of processing involved in invaiid trials wouid also be expected to occur for no-cue trials. 

where attention is drawn by the sudden appearance of the target. The results of the experiment 

are in accord with this proposa1 because there was no significant effect of alcohol on RT to no- 

cue trials or invalid trials. The lack of impainent of RT to invalid and no-cue trials under 

alcohol is consistent with the notion that attention tasks that only involve a more controlled 

mode of processing are impaired by alcohol. 

Aithough a controlled mode of processing might account for the different effect of 

alcohol on valid and invalid trials on endogenous tasks, it is also possible that the effect of the 

dnig ma? be contributins to the selective disruption of penormance on valid trials, and the 

resistance to impairment on invalid trials. Many drinkers mentioned that it was more difficult 

to concentrate on the task under alcohol. If alcohol reduced the ability to maintain 

concentration. drinkers may not have always attended to the cues or their information when 

endogenous tasks were being performed. It seems unlikely that drinkers were unable to use 

the endogenous cues at all, because the actual RT to vaiid trials under dcohol still appeared to 

be shoner than RT to invalid and no-cue trials. This suggests that at least some of the 

endogenous cues were utilized. It seems more likely that occasional lapses, rather than a 

consistent failure in the use of endogenous cues occurred. If occasionai lapses in 

concentration occurred on a valid trial, RT to the target on endogenous tasks would be longer 

because participants would be responding to the target without having the benefit of the 



correct information about the target location conveyed by the cue. However, a failure to 

maintain concentration on an invalid trial would be unlikely to affect RT because the cue only 

provided misleading and incorrect information about the position of the target. The RT to 

valid and invalid triais on the exogenous task would not likely be afFected because the cue 

required no information processing, and operated similarly to the target in that attention was 

drawn to their sudden appearance. 

The possibility that the slowing of RT on the coven orienting tasks under alcohol was 

related to subjective feelings of stimulation and sedation was explored through the use of the 

BAES. Previous research using this scale has shown that drinkers who have consumed a 

moderate dose of alcohol report greater feelings of stimulation than sedation when BAC is 

nsing. and geater feelings of sedation than stimulation when BAC is declining (Manin et al.. 

1993). These stimulation and sedation ratings have been attnbuted to the effect of the dmg. 

However. research had not compared these ratings to those of a placebo group who expected 

alcohol. nor had ratings under alcohol been adjusted for drinkers' drue-fiee baseline reports of 

stimulation or sedation. The present experiment addressed these concems by administenng the 

scale three times: prior to treatment, to obtain a baseline measure of stimulation and sedation; 

after the first test on the tasks under alcohol. when BAC was nsing; and after the second test 

under alcohol, while BAC was declining Ratings on the BAES under alcohol were consistent 

with those of Martin et ai.( 1993) such that pmicipants who received aicohol rated stimulation 

higher than sedation on the nsing limb of the B.4C curve, whereas sedation was rated higher 

than stimulation on the falling limb of the BAC curve. These subjective expenences appear to 

reflect the dmg effect because the ratinss of stimulation and sedation in the group who 



expected alcohol but received a placebo remained fairly stable. 

Because the impairing effect of alcohoi on RT was specific to valid trials on 

endogenous tasks, Task A was used to explore the possibility that the degree of impairment 

(slowing of RT) on these valid trials was related to changes in drinkers' subjective ratings of 

stimulation or sedation while BACs were rising (test 1) or declining (test 2). The change in 

each drinker's reponed stimulation or sedation fiom his baseline rating was measured to 

examine the possibility that those who reponed a greater increase in feelings of stimulation 

durhg risine BACs might have been more resistant to the slowing effect of alcohol, and thus 

show less slowing of RT under alcohol Conversely, those who reponed a greater increase in 

feelinss of sedation durino falling BACs may be more impaired and display a greater slowing of 

RT under alcohol. The results provided no evidence for any such relationships Thus, this 

research sugoests that subjective ratings of stimulation or sedation under alcohol are not 

related to impairment of drinkers' performance on this coven orienting task. 



GENERAL DISCUSSION 

.4lcohoI consumption has been associated with a significant increase in accident risk, 

and failures of attention have been implicated as one type of error that leads to driving 

accidents Considerable research has attempted to clarify the effeas of alcohol on attention by 

using vigilance and divided attention tasks However, these tasks are ofien cornplex, involving 

a number of different cognitive processes The review of the literature indicates that the results 

have been inconsistent. possibly because of methodological differences in the studies. 

variations in the complexity of the task stimuli or responses, the involvement of difTerent types 

of cognitive processes or the amount of information processing required to perform the various 

tasks. Rather than testing the effect of alcohol on such tasks, research in this thesis used an 

expenmental paradigm specifically designed to assess a particular attentional process (coven 

orienting) The influence of information processing on coven orienting was tested by the use 

of exogenous and endogenous cues. The utilization of endogenous and exosenous stimulus 

cues allowed a manipulation of the amount of information conveyed by the stimulus cues 

without changing the response requirements of the tasks. Each participant was tested on 

exogenous and endogenous coven orienting, and both types of tasks were performed at similar 

rising and declining BACs. This within-subjects design served to control for individual 

differences in coven orienting and BACs when the tests occurred. 

The findings From the valid orienting cues showed that a reflexive exogenous orienting 

task was resistant to the effects of alcohol. However, when more conscious, controlled 

cognitive processes were required (i.e.. the two endogenous tasks), impairment of orienting 

attention to a visual stimulus was obsewed. Interestingly, the hypothesis that greater 
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impairment would be observed for tasks that required greater information processing was not 

supponed, and there was no trend in the data suggesting this was the case. The results 

suggest that impairment under alcohol is not simply a function of the amount of information 

processing required, as measured by reaction time. 

The idea of using tasks developed in Cognitive Science to investigate the impairing 

effects of alcohol on particular cognitive processes is a fairly recent development in the alcohol 

research literature and the potential promise of using such tasks is staning to gain recognition. 

When the thesis research began there were no published studies examining the effects of 

alcohol on esogenous and endogenous coven orienting. Since then, two studies have been 

pubiished that examined performance on coven orienting tasks under alcohol. 

One study used an exogenous coven orienting task, similar to that used in the present 

research. to examine the effect of 0.78 g/kg of alcohol on performance at shoner SOAs (Post. 

Chade jian B: Maddock, 2000). A test on the task under alcohol occurred at an average BAC 

of 75 mgll OOml, on the falling limb of the curve. In accord with the results of the present 

thesis. these researchers found no significant impainng effect of alcohol on RT to valid trials on 

their esogenous t ask. 

A second study examined the effect of alcohol on a divided attention task and an 

endogenous orienting task that used a centrai arrow cue to signal an impending target (Schulte 

et al.. 200 1 ). Participants performed both tasks under a dose of alcohol that achieved a peak 

BAC of 50 rng/lOOrnl, which is considerably lower than in the present research. The task 

included only valid and invaiid trials. The results were examined using a pre-post change in the 

difference between the RTs of valid and invalid trials, rather than change in actual RT to each 
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of the valid and invalid cues. These measures make it difficult to directly compare the results 

to those of the present thesis that measured the actual change in RT in each cue condition. 

Nevenheless, Schulte and colleagues (200 1) also concluded that alcohol impaired 

performance on endogenous orienting compared to placebo. 

These studies indicate the potential of coven orienting tasks for developing funher 

understanding of the effects of alcohol on attention. The use of an exogenous and two 

endogenous coven orient ing tasks in the present research funher demonstrates how this 

paradigm may identifv what aspects of visual attention are impaired by alcohol, and how other 

factors, such as information processing and subjective feelings of stimulation or sedation. may 

interact a i t h  the drus to affect the impairment of attention. 

To date. there has been no research directly examinino the role of mode of processing 

in the impairing effects of alcohol on the coven onenting of attention. The findings of the 

present research suggest that this mas be a particularly imponant factor to investigate in future 

alcohol research in this area. Others have also speculated about the role of mode of processino 

in the effects of alcohol on various other tasks (e.g., Fisk & Schneider. 1982; Newman. Speak. 

Armstrong & Tiplady, 1997). These authors suggest that tasks which require the controlled 

processing of information are more readily disrupted by alcohol than are tasks in which 

performance is more reflexive. They note that "real world" skills that may be considered 

prirnarily reflexive, seem to be less likely to be affeaed by alcohol (Fisk & Schneider, 1982; 

Huntley, 1973). In his 1995 review on the effect of moderate doses of alcohol on various 

types of tasks. Holloway also suggested that tasks involving controlled performance might be 

more sensitive to the effects of alcohol than those involving automatic performance, such as 



62 

simplekhoice RT. Holloway noted that these observations were trends only, that the studies 

he examined were not designed to test this theory. and that the use of different tasks and 

methodological problems prevented any conclusive statement. The present research allowed a 

direct cornparison of the effect of alcohol on these two processing modes within one paradigm. 

and provides evidence that Holloway's speculations are consistent with the effects of alcohol 

on the coven orienting of attention. 

The suggestion that endogenous orienting is a controlled and effonful process whereas 

exogenous onenting is more reflexive was empirically supponed by a recent study that used 

functional Magnetic Resonance Imaging (tMRI) techniques to examine which areas of the 

brain are activated in endooenous compared to exogenous orienting (Rosen et al.. 1999). The 

results showed that the total volume of activated brain tissue evoked by endooenous orienting 

was nearly double and triple that evoked by the exogenous and control conditions. 

respectively In addition. the study showed that the right dorsolaterai prefrontal area (or 

DLPF. BA 46) was selectively activated by the endogenous condition and not the exogenous 

condition. The authors note that this area is commonly associated with spatial working 

memory. The endogenous orienting condition in this study and the present thesis involved 

attending to and hoiding in memory the location of a target based on a predictive cue. The 

tMRI research and the results of this thesis raise the possibility that brain areas used for spatial 

working memory may be particularly impacted by alcohol. However, such a conclusion would 

require research that specifically examines brain functioning during onenting tasks both drug- 

fkee and under alcohol. The potential promise of such investigations is also suggested by an 

incidental observation by Schulte and colleagues (2001). Their comments suggested that 



alcohol resulted in reduced lefiward and improved rightward spatial orienting on their 

endogenous onenting task. This observation funher highlights the usefùlness of the coven 

onenting paradigm for understanding the effects of alcohol on attention and indicates the 

potential benefit of studies involving both imaging and behavioural methodologies. 

Alcohol and Endogenous Covert Orienting 

The idea that an impairment of spatial working memory may account for the reduced 

performance under alcohol observed on the valid tnals of the endogenous tasks is intriguing 

and seems to fit with the pattern of results show in the present research. The fMRi research 

did not find activation in spatial working memory areas of the brain for the exogenous task, 

suegesting that this rnay have been the case in the present study, as well. In contrast, spatial 

working memory areas were activated by the endogenous orienting task. While the two 

endogenous tasks in the present study differed fiom each other in the amount of information 

processing required to make use of the cue, the spatial working memory requirements (e.g., 

attending to and keeping a target location in memory based on a predictive cue) may have been 

identical for the two tasks This might account for the similar degree of impairment on the 

valid tnals of the two endogenous tasks. Thus, the difference in actual RT between the two 

tasks remained the same afler treatment, continuing to reflea the tirne it takes to process 

different arnounts of information, but the impairment of spatial working memory rnay account 

for the sirnilar degree of impairment observed under alcohol. While the invalid trials also 

involved spatial working memory, the ability to attend to and keep the target location in 

memory was not relevant to overall task performance, because the predictive cue was false and 

provided no useful spatial information. Even though spatial working memory may have been 
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impaired, this would not have afEected task perf'ormance on invaiid triais. At present. this 

explanation has yet to be tested. However, some evidence suggests that working rnemory is 

impaired by alcohol in humans (e.g.. Fim et al.. 1999). and rats (e.g., Gibson, 1985) An 

interesting study for Future research may be to examine performance, within a given 

participant, on the endogenous tasks in relation to performance on a task known to specifically 

tap spatial working memory. such as the spatial span subtest of the Wechsler Memov Scale 

(W1S-III) .4 relationship between the degee of alcohol impairment demonstrated on the 

coven orienting task and on the spatial span task would suppon a working memory 

interpretation of the drue effect. 

The RT of the placebo group to the valid endogenous t d s  of the hithmetic task 

raises some interesting questions. This task presented cues that required the most information 

processing. and the RT to these valid trials becarne shoner under placebo treatment tests. 

These observations raise the possibility that learning through practice facilitates endogenous 

coven orienting to cues that provide correct information requiring processing. This possibility 

has apparently never been investigated. However, it may be important because the amount of 

aicohol impairment might be determined by the extent to which an endogenous orienting task 

has been practised. This could be tested by comparing the degree of impairment s h o ~ n  by 

people with and without extensive prior practice on this task. 

The expectation of receiving dcohol on the part of pmicipants who received a placebo 

is another factor that might account for their shoner RT to valid trials on the Anthmetic task. 

Research using motor skill tasks has shown that people who expect to receive alcohol will 

perforrn better (faster) under placebo (e.g., Beimess & Vogel-Sprott, 1984). Other research 



has show that drinkers led to expect considerable impairment under alcohol show less 

impairment on a rnotor ski11 task than do others who expect little impairment (Fillmore & 

Vogel-Sprott , 1 996). If participants receiving a placebo expected considerable impairment on 

this task under alcohol. they may have attempted to compensate by resisting this expected 

effect, thereby improving their performance over their dnig-fiee baseline level. The efFeas of 

expecting to receive aicohol and the expected amount of impairment could be exarnined by 

measuring the degree of impairment dnnkers expect, and companng the coven onenting 

performance of those who neither expect nor receive alcohol to those who expect alcohol but 

receive a placebo 

The intensity of the effect of alcohol is usually assumed to depend on the blood alcohol 

concentration, and this is commonly observed in motor skill tasks Under moderate doses of 

alcohol, impairment of a motor skill task typically waxes and wanes in accord with rising and 

declining BACS. and the intensity of impairment at a given BAC is usually greater when BAC 

is rising than when it is declinin~ (e.g., Vogel-Sprott and Fillmore, 1993). However. the 

degree of impairment in endogenous orienting of attention did not differ dunng an average 

rising BAC of 80 m@ 100rnl (Test 1) or an average declining BAC of 77 mg1 00ml (Test 2). 

The lack of a reduction in impairment at a lower declining BAC seerns unusual. It is possible 

that the difference between the BACs on the two tests was not great enough to generate 

different degrees in impairment on the endogenous orienting tasks. However, these tasks 

involve cogniitive information processing, and some research testing the effect of alcohol on 

other cognitive tasks, such as rapid information processing and inhibitory control has also 

suggested that impairment during rising and declining BACs may not differ (e.g., Fillmore, 
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Carscadden & Vogel-Sprott, 1998; Fogarty. 200 1 ; Mulvihill, Skilling & Vogei-Sprott, 1 997). 

The design of the present study, with one test under alcohol on each limb of the BAC curve. 

afEorded too few tests to justi& concluding that endogenous tasks are insensitive to moderate 

rising and declining B.4Cs. This possibility could be tested in future research by including tests 

on the tasks at other points on the curve (e-g., lower BACS) in addition to the tests taken 

closer to the peak BAC. 

The Gndings of the present research generate a number of new potentially imponant 

questions that need to be clarified in order to better understand how other factors may mediate 

visual endogenous orienting under alcohol. Do lower or higher doses of alcohol yield different 

results? There is some evidence in research usine rats that Iow doses of alcohol rnay increase 

alenness by stimulating extraneuronal noradrenaline (NA) output above the dmg-free level, 

whereas higher doses inhibit NA output (e.g., Rosetti et al., 1992). It is possible that the Ievel 

of alenness may be related to NA levels, and may play some role in mediating the effea of 

alcohol on visual orienting. 

The possibility that lapses in concentration under alcohol are responsible for the 

impairment of performance on the endogenous tasks raises the question as to whether 

performance would irnprove if participants were given more time to process the endogenous 

cues. If the lapse in concentration occurs earlier (i.e. dunng the presentation of the cue) 

drinkers may be slow to start processing the information. In this case, increasing the SOA ma. 

reduce impairment under alcohol by allowing extra processing time. In contrast, if the lapse in 

concentration occurs later, &er the information has been processed, increasing the SOA may 

funher impair RT performance because there would be less likelihood that working memory 



would endure long enough to maintain attention at the correct target location. 

The main purpose of t his thesis was to determine whether and what type of effect a 

moderate dose of alcohol had on covert orienting of attention when information processing 

dernands were rnanipulated. For this reason, the sample of pmicipants was chosen to be as 

homoeeneous as possible in age. drinking habits. and gender. Given the interesting findings of 

this research. it will be irnponant to detemine whether they also apply to females and social 

drinkers older than 22 years of age. 

There is also evidence that experienced dnnkers (e.g. those who have been dnnking 

regularly for a Ions time) typically show fewer behavioural eRects to a dose of alcohol than do 

novice drinkers (eg.  Fillmore & Vogel-Sprott, 1996). The present research used relatively 

young social drinkers from a university population. As such. these participants may tend to 

have less drinking experience than older drinkers. It would be important to know whether age- 

matched social dnnkers who differ in the length of time they have been drinking differ in their 

susceptibility to the impairing effects of alcohol on endogenous orienting tasks, or whether the 

degree of impairment is consistent regardless of the degree to which social drinkers are 

accustomed to alcohol. Identifjing such potential individual differences in vulnerability to the 

impairment of visual orienting by alcohol could be particularly important in helping to 

understand who may be at greater nsk for alcohol-related accidents when tasks invoiving the 

orienting of attention are performed. 

The eflect of other factors, such as environmental reinforcernent and motivation on 

coven onenting under alcohol has not been investigated. This is an imponant gap in 

knowledge because research using a rnotor task that involves driving skills has found that 



environmental reward for a sober standard of behaviour lessens the impairing effects of a 

moderate dose of aicohol (e.g. Vogel-Sprott, 1992; Vogel-Sprott & Fillmore, 1993). In 

addition. the reinforcernent of a sober standard of peflormance has also been demonstrated 

more recently using tests of inhibitory control and information processing (e.g. Fogarty, 200 1, 

Mulvihill. 1999). The present paradigm could serve as a useful tool for manipulating such 

environmental variables. This type of investigation could help to detemine whether 

reinforcement might protect covert visual orienting from the impainng effects of alcohol 

Practical Implications 

Informative cues that predict upcoming events are a cornmon occurrence in daily life 

and are necessa- to function well in a vanety of situations. For example, negotiating 

unfamiliar areas or responding to potential driving hauards using traffic signs requires one to 

quickly process the information provided in the sign and then shifl attention to the appropriate 

location. Pur traffic controllers frequently use central computer information to help guide 

planes into and away from busy airpons. Factory workers may also be required to accurately 

process visual information from machines and respond approptiately to another visual area. 

The results of this study indicate that while people may be able to adequately perfom more 

reflexive tasks under a moderate dose of alcohol without impainnent. performance on tasks 

involving visual cues that must be processcd and interpreted before one is able to attend to the 

appropriate location, may be impaired. 

This research showed that the impairment on the two endogenous onenting tasks 

persisted as blood alcohol concentration began to decline. This is in contrast to the recovery 

of impainnent typically seen with motor tasks as BAC declines. This information is important, 
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and rnay be helpfbl in alening the public to the dangers of rnoderate alcohol consumption. The - 

findings also rnay be usefù! for making policy decisions regarding the legality of operating 

machinery at different blood alcohol levels. For example, lingering impairment of the ability to 

orient to visual stimuli when cognitive processing is required, cornpared to the time needed for 

motor skills to recover may have particular importance. Presently, it is illegal to drive a vehicle 

at BACs above 80 mgilOOml While basic motor skills may have recovered as BACs decrease 

below this level. and the ability to reflexively orient attention may be intact, the ability to orient 

attention to stimuli when cognitive processing is involved may still be impaired. Thus. 

accidents could still occur when complex tasks involving thought processes and visual 

onenting (eg .  driving) are undertaken, as impairment in the present research was observed at 

BAC levels below the legal dnving limit. The lack of an observed relationship between 

subjective feelings of stimulation or sedation and changes in RT under aicohol fùrther 

complicates this scenario. lf intemal subjective intoxication cues are used to determine 

whether one is able to perform a task, and people's subjective experiences of intoxication are 

unrelated to actual performance. poor decisions ma! be being made regarding whether or not 

to perform a specific task. Funher research is needed to determine the robustness and 

eeneralizability of these findings, and to determine the parameters within which they occur. 
C 

Summary 

The present research showed that performance on a reflexive attention task that 

involved little to no information processing was not impaired by a moderate dose of alcohol. 

In contrast, performance on two attention tasks that involved conscious. controlled coyitive 

processing was impaired by alcohol. The amount of information processing involved in the 



tasks did not appear to play a significant role in determining the intensity of impairment. 

Rather the mode of processing (reflexive vs controlled) appeared to be the more important 

factor in determining alcohol impairment. More specifically, recent findings in neuroimaging 

research raise the possibility that spatial working memory may be impaired by alcohol on 

endogenous orienting tasks. Spatial working memory tasks, by nature, are likely to require an 

intentional. controlled mode of processing. Thus, this idea is consistent with the finding that 

the endogenous orienting tasks, which involved a controlled processing mode, were 

specifically impaired by alcohol. The results of this research have imponant possible 

implications for activities performed in the "real world", outside the laboratory. 
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APPENDICES 

Amendix A: Exdoratorv Studies 

Appendix A-1 

Exploratory Studg 1: Drug-fret Evaluation o f  Task O 

The adequacy of the exogenous coven orienting task (Task O) used in the present 

dissertation was initially exarnined by testing the performance of four university student 

volunteers under drug-fiee conditions. This task was modelled on one described by 

Femandez-Duque and Posner (1997), which provided valid and invalid cues that were more 

centrally located than many exogenous covert onenting tasks, so as to minirnize eye 

movement. The present exploratory study anempted to determine whether the measures in 

this version of the task replicated the cuing effects observed by Fernandez-Duque and Posner; 

namely. RT to valid trials was shoner than RT to invalid trials, which was shoner than RT to 

trials where no cue was presented. This study also exarnined performance on the task under 

repeated conditions to determine if task performance changed with practice. 

m a r a t u s  and Measures 

A computerized coven orienting task was used which measured reaction time to target 

stimuli after the presentation of visual-spatial warning cues, and when no warning cue was 

presented Panicipants were seated directly in front of a computer screen and keyboard, at a 

distance of 85 cm from the screen. Al1 stimuli were presented in the center of the visual field 

to minirnize eye movement. A O. 1 cm dot subtending 0.07 degrees of visual angle served as a 

centrai fixation point and was presented for 750 ms. On the cue triais, a cue (a 1.28 cm white 

circle) subtending 0.86 degrees in visual angle, with the center at an eccentncity of 2.17 



degrees of visual angle was presented at random intervals of between 600 and 1000 ms 

following the offset of the fixation point at one of four locations (upper, nght, lower, lefl). 

The cue remained on the screen for 400 ms, until the target was presented. The target, 

measuring 1.28 cm. subtending 0.86 degrees in size, with its center at an eccentricity of 1.3 1 

degrees, was either a plus sign (+) or a capital letter x (X). The target was also presented in 

one of four locations on the screen (upper, nght, lower, left), at the same eccentncity for each 

location. The target rernained on the screen until a response key was pressed or 1500 ms had 

elapsed, at which point a new trial began. Panicipants were instructed to press the "n" key on 

the keyboard if the target was a +, and the "m" key if the target was an "X' Participants were 

instnicted to use whichever hand they preferred, but to use two fingers from onIy one hand. 

All participants chose to use their nght hand Reaction time to the target stimulus was 

measured in milliseconds (msec). 

A total of 1 12 trials were presented durins a block. Fifly-six cue tnals were presented 

in a ratio of approximately 8000 valid triais to 20% invalid trials. On a valid triai, the cue and 

the target were presented in the same location Forty-four valid tnals were presented during a 

block with I 1 trials occumng at each target location (upper, right, lower, lefi). An invalid t d  

occurred when the cue and the target occurred at different locations. Twelve invalid tnals 

were presented during a block, with three trials occumng at each target location. No cues 

were presented on 56 trials. Each of the two target stimuli was presented on an equal number 

of trials under valid, invalid and no cue conditions. 

When they arrived at the laboratory, task instructions were read to participants 

(Appendix A-2) and they performed an initial set of 20 practice triais. The experimenter 



monitored performance on this practice block to ensure that participants understood the 

instructions and were performing the task correctly. The experirnenter then left the room and 

panicipants cornpleted three blocks of 1 1 2 trials on the task lasting approximately 6 minutes 

each block with a 5 minute break between blocks. The expenmenter entered the room 

between blocks to set the computer for the next block of trials. 

Results 

The results of this exploratov study replicated the findings of Fernandez-Duque and 

Posner (1997). Reaction time to valid tnals was shoner than RT to invalid triais, which was 

shoner than RT to no cue tnals, for al1 3 blocks. This study examined only RTs on trials 

where a correct response to the target was made. The mean RTs (SD)  for each cue condition 

on each block are presented in Table 1. The results also showed that one practice block of 

tnals was necessary before performance on valid and invalid trials became stable. 

Tabie 1 : Mean RT and (msec.) to Three Cue Conditions on each Block 

Valid Invalid No Cue 
Mean - SD Mean - SD Mean - SD 

Block 1 450 83 -29 464 47.07 473 56.12 
Block 2 42 1 70.95 436 5 1.99 474 68.37 
Block 3 42 2 57.59 439 43.39 470 80.94 

While RT to no cue trials remained relatively stable over the three blocks, RT to trials with 

valid and invalid cues was considerably longer on block 1, but becarne stable for blocks 2 and 

3. The effect of practice on the first block for the cuing trials indicates that the task involves 

some Ieaming. This possibility had not been reported previously and it was not clear what was 



83 

being leamed. It may be that participants needed this practice to leam that the cue predicted 

the location of the target most of the time (80%) and that it was usefûl to pay attention to the 

cue. This information was not explicitly included in the task instructions for the two 

Exploratosy Studies but was subsequently added for the Preliminary and Main Experiments. 

Exploratory Study 2: Evaluation of Task O under Alcohol 

This study explored the effect of a moderate dose of alcohol on performance. As the 

effect of a moderate dose of alcohol on performance of this exogenous coven onenting task 

had never been exarnined, it was unknown whether RT would be impaired. It was possible 

that, given the reflexive nature of the exogenous orienting task (similar to basic RT tasks), a 

moderate dose of alcohol would not affect performance on the task. However, if impairment 

did occur. it was not known whether this may va- as blood alcohol concentration increased 

and decreased. As such, tests on the task were scheduled to occur during nsing, peak and 

declining BACS. 

Partici~ant s 

Three male. right-handed volunteers between the ages of 19 and 22 were recmited 

from a "subject pool" of university students. Initial contact was made by telephone and 

volunteers were asked if they would agree to participate in a audy exarnining the effect of 

alcohol on a computerized task (Appendix C-1). Individuals with uncorrected vision problems. 

or who were currently taking prescription medication were excluded fiom the study. The 

panicipants were paid fifieen dollars for their participation. Ethics approvd was obtained for 

this study from the Office of Human Research of the University of Waterloo. 



Apparatus and Measures 

The coven onenting task (Task 0) was used to measure response reaction time under 

valid, invalid and no cue conditions. 

Blood Alcohol Concentrations (BACS) 

Blood dcohol concentrations (BACS) were measured using a Stephenson Mode1 900A 

Breat hal yzer. 

Drinkinp Habit Questionnaire (Vogel-Sprott, 1992). This questionnaire (Appendix C- 

3) provided a measure of participants' current use of alcohol in ternis of dose (ml absolute 

alcohol/kg) per drinking occasion. and the weekly Frequency of these occasions. Two 

additional questions asked if pmicipants had ever been convicted for impaired driving, and if 

they had ever experienced problems due to their dnnking. These two questions were included 

in order to identify and exclude any individual who might have alcohol-related problems. 

Procedure 

Training Session Participants performed a practice block of trials on the task to ensure 

that it was leamed and performance was stable prior to any treatment. Each participant was 

tested individually. When they arrived at the laboratory, panicipants were given a general 

explanation of the study. Informed Consent was then obtained (Appendix C-2), and the 

Dnnking Habit Questionnaire was completed. Task instnictions were then read to pmicipants 

(Appendix A-?) and they performed an initial set of 20 trials. The experimenter monitored 

penonnance on this practice block to ensure that participants understood the instructions and 

were perfonning the task correctly. The experimenter then left the room and participants 

performed one block of 1 12 trials lasting approximately six minutes. Participants then were 
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weighed and an appointment was made to retum for the treatment session. It was explained 

that they would be required to abstain from alcohol and other dnigs for twenty-four hours 

prior to the treatment session in order to prevent confounding effects of prior dmgs in the 

participants' bloodstream. In order to standardize the rate of absorption of aicohoi, 

panicipants were also required to abstain from food and drink, apart from sips of water, for 

four hours prior to the experimental session and to avoid certain foods during the meal pnor to 

fasting. To assist compliance vjith the eating and fasting requirements, a menu of permissible 

and nonpermissible foods pnor to fasting (Appendix C-4) was given to al1 participants. 

Treatment Session The treatment session occuned within one week following the 

training session. At the outset of this session, adherence to the fasting instructions was 

verbally confirmed and a baseline breath sample was taken to verify that the participant's BAC 

was zero prior to the session. The task instructions were reviewed and the participant 

performed an initial set of 20 practice trials. with the experimenter in the room, in order to 

confirm that the panicipant remernbered how to perfonn the task. The experimenter then lefl 

the panicipant alone in the roorn to perform one block of trials (This and al1 subsequent blocks 

took approximately six minutes to complete). This block provided a pre-treatment baseline 

measure of the pmicipants' drug-fiee performance prior to receiving alcohol. The panicipant 

then received 0.62 @g of absolute alcohol divided equally into three drinks containing one 

pan alcohol and two pans carbonated mix. Dnnks were served at 10 minute intervals, and 

each drink was consumed within five minutes. A block of triais on the task was perfomed at 

1 0, 30, 50, 65. 95, 1 10, and 130 minutes afler dnnking began. Previous studies with this dose 

showed that this trial regirnen should encompass times when BACS rise to a peak, and begin to 



decline slightly Breath sarnples to measure BACs were obtained at 10, 40, 60, 70, 90, and 

135 minutes f ie r  drinking began. 

-41 the conclusion of the treatment trials panicipants remained in the lab for coffee or 

tea and snacks. were infonned of their current BAC and were told that they should not drive or 

operate any other machinery for at least several hours. They were debriefed (Appendix C- 13) 

provided with an information letter (Appendix C-14) describing some effects of alcohol on the 

body and effects of alcohol on behaviour at several BACs, and were provided with 

transportation home if needed. 

Criterion Measures 

Reaction time measures for valid, invalid and no-cue trials were obtained for each 

participant on each test block Only RTs on trials where a correct response to the target was 

made, were included in analyses Reaction tirne measures obtained from the block of tnals 

pnor to receiving aicohol during the treatment session served as drug-free baseline measures. 

Reaction tirne measures obtained from the next seven blocks of trials constituted the alcohol 

treatment measures. To be consistent with the drug-free cognition literature involving such 

tasks, the data was tnmmed for dl participants using the non-recursive procedure with m o h g  

cntenon suggested by Van Selst and Jolicoeur (1 994). 

Results 

Blood .Ucohol Concentrations (BAC) 

The mean BACs of participants during treatment are presented in Table 1. The means 

show that the BACs rose to a peak of 86 mgllOO ml at 70 minutes &er drinking began and 

subsequently declined. The first three blocks of trials (at 10, 30 and 50 minutes) occurred 



while the BAC was rising, the fourth block occurred during the peak BAC, and the last three 

blocks (at 95, 1 10, and 130 minutes) occurred while the BAC was falling. 

Table 1 : Means and Standard Deviations for Blood Alcohol Concentrations (mg1 00ml) 
.4s a Function of Time Afier Drinking Commenced 

Time 

Reaction Time Analvses 

.ei examination of the mean RT over the eight blocks (Table 2) indicated that 

performance on valid and invalid trials did not appear to Vary systematically over time as blood 

alcohol concentration changed. However, reaction time to no cue triais increased on the final 

three blocks of trials, as BAC was falling. 

Table 2: Means and Standard Deviations for Reaction Time (msec.) 
On Vaiid, Invalid and No-Cue Trials Over 8 Blocks 

Drug-free BI B2 B3 B4 B5 B6 B7 
Valid 
Mean 414 379 409 419 409 422 424 408 
(SD) (66.59) (33.81) (59.73) (41.44) (49.04) (51.19) (3 1.40) (37.66) 

Invalid 
Mean 426 426 411 432 442 410 438 414 
(SD) (62.62) (38.42) (23.51) (78.02) (81.56) (45.40) (15.88) (43.67) 

No Cue 
Mean 439 446 455 435 442 468 47 1 462 
(SD) (48.78) (36.81) (34.75) (34.84) (32.12) (14.35) (14.36) (22.97) 



To explore this, a oneway repeated analysis of variance (ANOVA) was performed for no-cue 

trials, using the dmg-fiee block, the mean of the RT on the three blocks on the rising limb of 

the B.4C curve, the block at the peak of the BAC curve, and the mean of the RT on the three 

blocks on the declining limb of the BAC curve. The analysis revealed no significant block 

effect E(3,6)=1.978, g=0.287. The mean reaction times on the drug-fiee, rising, peak, and 

faliing blocks of trials for the three cue conditions are presented in Figure 1 The figure shows 

that perfomance varies over time for ail three cue types but that this variability does not relate 

in any logical manner to the blood alcohol concentration curve. Multiple cornparisons between 

the dmg-free RT and the rise. peak and fa11 RTs, respectively, revealed no significant 

difference between RT at dmg-free baseline and RT under treatrnent at any point on the BAC 

curve (ge0.3 16). The same analyses were conducted using vaiid and invdid t d s  separately 

and these analyses also reveaied no significant differences in RT under alcohol compared to 

dm-free performance on this task ( ~ ~ 2 0 . 4 6 5 )  see Tables 3-5 for the complete analyses 

Since there was no evidence of any strong efTect of the changing BACS on the 

measures of performance, the results fiom the treatment blocks were averaged in order to 

provide a measure of the mean effect of the dose. This provided an opponunity to make some 

exploratory cornparisons between the aicohoi treatment group (n=3) and the dmg-free group 

(g=4) that had previously been tested. 



Oneway Analyses of  Variance of Reaction Time Drug-Free and at Rising, Peak and Falling 
BACS 

Table 3:  Valid Trials 

Source - DF - MS - F E - G-G 
Within Subjects 
Block 3 136.356 0.827 O. 525 0.465 
Error 6 164.880 

G-G Epsilon: 0.370 
H-F Epsilon: 0.498 

Table 4 : Invaiid Trials 

Source - DF - MS - F e - G-G 
Within Subjects 
Block 3 284.674 0.4 13 0.750 O. 604 
Error 6 

G-G Epsilon: 0.379 
H-F Epsilon: 0.547 

Table 5:  No-Cue Trials 

Source - DF - MS - F P - G-G 
Within Subjects 
Block 3 483.265 1.978 0.219 0.287 
Error 6 244.382 

G-G Epsilon: 0.389 
H-F Epsilon: 0.598 



Contrasts: 

Dmg-Free vs. Rise 

Hypothesis 
Error 

Drug-Free vs. Peak 

Hypot hesis 
Error 

Dmg-Free vs. Fall 

Hypot hesis 
Error 

The control group consisted of the dnig-free data from the participants in the first 

exploratory study who performed three 1 12 trial blocks dunng one session. The cornputer 

task they performed was identical in every respect to that of the alcohol group. It should be 

noted that this is not a "true" control group since the participants in this group did not perfom 

the task the same number of times or over the same time period as did those in the alcohol 

group. These participants were used solely as a preliminary cornparison group. For the 

purposes of the analyses in this study, block two of the control group served as the equivalent 

of the drug-free baseline block of the alcohol group, and block three of the control group 

semed as the equivalent of the average of the seven treatment blocks of the alcohol group. 

Block one of the control goup was not included in the analyses as performance on this task 

did not stabilize until one block had been performed. This block is the equivalent of the 

familiarization block that the alcohol group performed dunng their first session. 



Figure 1: Mean RT for Alcobol Croup 
Over Baseliae, Rise, Peak & Fall 

- 
Valid - 
Invalid 
4 

No Cue 



An examination of the data revealed that both groups showed the same pattern of responses as 

that descnbed by Femandez-Duque and Posner (1997) (RT to valid tnals shoner than invalid 

tnals which are shorter than no cue) on the "drug-free" trial, thus making the two goups 

comparable. 

gr ou^ Anahses 

In order to investigate whether reaction times for the three cue conditions diflered 

under alcohol compared to control, oneway analyses of covariance (ANCOVA) were 

performed for each cue type on the reaction time scores under treatment for the two groups. 

with the drug-fiee trial sening as the covariate. The ANCOVA for valid trials revealed no 

significant difference between the control and alcohol groups, -( 1 $)=O.Z 3, g=0.654. The 

analysis of invalid trials also revealed no significant group differences. ~(1.4)=0.112. ~ = 0  755 

Similarly. the ANCOVA for no-cue trials revealed no significant difference between the group 

means. FJ 1 ,J)= 1.946, g=0.236. The complete analyses are presented in Tables 6-8 and the 

adjusted means are presented in Table 9 

Oneway Analyses of Covariance on the Reaction Times under Treatment for Alcohol and 
Control Groups, with the Drug-Free Trial Serving as the Covarîate 

Table 6: Valid Trials 

Test for Hornogeneity of Variance 
Source - DF - MS - F E 
Grou p 1 348.344 O. 868 0.420 
Covariate i 12225.979 30.465 0.012 
Group X Covariate 1 404.608 1 .O08 0.389 
Error 3 40 1.307 



ANcov.4 
Source - DF - MS - F E 
Group 1 93.833 0.233 0.654 
Covariate 1 13378.106 33.268 O. 004 
Error 4 402.132 

Table 7: Invdid Trials 

Test for Homogeneity o f  Variance 
Source - DF - MS 
Group 1 66.545 
Covanate 1 6233.895 
Group X Covanate I 76.979 
Error 3 259.24 1 

ANCOV.4 
Source - DF - MS 
Group 1 23.892 
Covanate 1 6 176.256 
Error 4 213 675 

Table 8:  No-Cue Trials 

Test for Homogeneity o f  Variance 
Source - DF - MS - F E 
Group t 1526.177 8.309 0.063 
Covariate I 88 12.688 47.978 O. 006 
Group X Covariate 1 1304.334 7.101 0.076 
Error 3 183.682 

ANCOVA 
Source - DF - MS - F 
Group 1 902.505 1.946 
Covariate I 16404.085 35.365 
Error 4 463.845 



Table 9: Adjusted Mean Reaction Time for Each Group for Each Cue Condition 

Valid Invalid No Cue 

Aicohol 410 426 469 

Control 417 422 445 

.4 power analysis using the adjusted means From the ANCOVA was performed in order 

to determine approximately how many participants would need to be tested on the task under 

alcohol in order to result in a significant difference between the treatment and control groups 

on no-cue trials. given that the slowing seen during declining BACS for the alcohol group is 

not an artifact of fatigue. The analysis suggested that a sample size of 14 participants per 

eroup wouid be suficient to reveal a significant difference between the means of the alcohol 
Y 

and control groups on the no-cue trials (with a power of approximately O 8 1 ). 

Conclusion: 

Overall. it appears that alcohol does not have a significant effect on performance on 

this task. The lack of significance obtained fiom these analyses could be due to the very small 

sarnple size. It is possible that a much larger sample size may show a significant difference 

between the treatment and control groups on the declining BAC limb for no-cue trials. It is 

also possible that a real control group, with tests occumng on the same time line as the 

treatment group, may not significantly differ fiom the treatment group when measurements 

taken over time are analyzed. The longer reaction times for no cue trials on the declining limb 

may simply be a funclion of fatigue. There is no clear indication that alcohol affects 



performance on the vaiid or invaiid trials. 

It is possible that this task involves primarily refiexive attentive processes, similar to 

those involved in simple reaction time. Research has suggested that performance on basic 

reaction time tasks is not typically impaired by alcohol at low to moderate doses (e.g., Limoila 

et al., 1978). However, performance on other attention tasks has been impaired under alcohol 

(i.e.. vigilance and divided attention tasks). Many of these tasks are quite complex and involve 

more information processing than does this basic coven orienting task. The ability to process 

information may interact with attentionai processes when alcohol is involved. Since this coven 

orienting task generally reproduces the pattern of results that Posner observed with his task. 

and appears to be relatively impervious to the effects of aicohol, it will provide a useful base 

fiom which to examine the effect of manipulating information processing demands on 

attention. 



Appendix A-2 

Task Instructions for Exploratory Studies I and 2: 

I'd like you to watch the screen in front of you. When 1 start the task, a small circle 

will briefly appear in the center of the screen. I'd like you to focus on the circle and then press 

a specific key when a plus sign or an X appears. Whenever you see a plus sign I'd like you to 

press the n key as fast as you can. Whenever you see an X, I'd like you to press the m key as 

fast as you can. You may use two fingers Rom whichever hand you wish to press the keys. but 

you may only use one hand. You may occasionally see other things on the screen but you 

should ont' press the key when you see a + or an X. We'll do a bnef practice block first and 

then you'll run through the real thing. 



Amendix B: Preliminarv Exneriment 

Appendix B-l 

Introduction 

The present study examined the effects of manipulating information processing 

demands on attentional processes measured by the exogenous coven onenting task (Task O). 

"Exogenous" refers to a task in which attention is drawn by a peripheral stimulus, such as a 

iight. in the same vicinity as a subsequent target. "Endogenous" refers to a task that typically 

uses centrally presented cues. such as an arrow, to convey inforrnation about the target 

location Thus. attention is directed by a cognitively central decision based on processing the 

information conveyed by the cue. As a result endogenous tasks may slow reaction time (RT) 

to taroets to a oreater deoree than exo_penous tasks. This was tested by devising two 

endogenous coven onenting tasks using central numencal cues that had to be processed to 

identify the location of the taroet. One was a "numerical identification task" (Task N )  The 

other aimed to increase the information processing demands of the numerical cues, and was an 

"arithmetic taskW(Task .A). This study tested whether the effects of the three tasks on 

attentional processes were consistent with a manipulation of information processing in a dmg- 

fiee state, before performance under alcohol was examined. The following hypotheses were 

tested: 

1.  For valid trials, mean RT on Task A should be longer than mean RT on Task N which 

should be longer than mean RT on Task O. 

2. For invalid trials, mean RT on Task A should be longer than mean RT on Task N 

which should be longer than mean RT on Task O. 
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3. For no-cue trials, the mean RT may not difTer on the three tasks because the absence of 

any cue makes these trials identical on the tasks. 

4. The pattem of performance on Task O should be the same as previously found, with 

mean RT to valid t d s  being shorter than mean RT to invalid trials, which should be 

shorter than mean RT to no-cue trials. 

Performance on Tasks N and A may also show this pattem of RT to the three cue 

conditions, but this will depend on the extent to which the information processing demands of 

Tasks N and A slow RT to valid and invaiid cues. 

Met hod 

Panicipant s 

Eight male and eight female volunteers between the ages of 1 8 and 2 2 (o= 1 9 94 

years. == 1 29) were recruited from a "subject pool" of university students. Initial contact 

was made by telephone and volunteers were asked if they would aoree to participate in a study 

that invohed responding to visual-spatial information on a computer screen. Al1 individuals 

were riçht-handed. and no one with uncorrected vision problems was included in the study. 

Participants were paid five dollars for their participation. Ethics approval was obtained for this 

study from the Office of Human Research of the University of Waterloo. 

Apparatus and Measures 

1 Oripinal Exopenous Coven Onentin~ - Task (O) A computerized task was used to 

measure reaction time to target stimuli afler the presentation of visual-spatial warning mes, 

and when no warning cue was presented. This task is based on a paradigm developed by 

Fernandez-Duque & Posner (1 997). Participants were seated directly in front of a computer 
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screen and keyboard, at a distance of 85 cm from the screen. Al1 stimuli were presented near 

the centre of the visual field to minimke eye movement. A pictonal representation of the 

timeline of events dunng a trial on this task and the others used in the experiment is presented 

in Figure 1 of the Main Expenment. 

A 0.1 cm dot subtending 0.07 degrees of visual angle served as a central fixation point 

and was presented for random time penods of between 1 100 and 1500 ms. On the cue trials, a 

cue (a 1.28 cm white circle) subtending 0.86 degrees of visual angle, with the centre at an 

eccentncity of 2.17 degrees of visual angle was presented for 1000 ms immediately following 

the offset of the fixation point at one of four locations (upper, right, lower, lefl). The cue 

remained on the screen until the target was presented. The target, measunng 1.28 cm, 

subtending 0.86 degrees of visual angle, with its centre at an eccentncity of 1.3 1 degrees was 

either a plus sign (+) or a capital letter x ( X )  The target was also presented in one of four 

locations on the screen (upper, right. lower. lefi), at the same eccentricity for each location. 

The target remained on the screen until a response key was pressed or 1500 ms had elapsed, at 

which point a blank screen appeared for 1000 ms and then a new trial began. Participants were 

instmcted to press the "n" key on the keyboard if the target was a +, and the "m" key if t he 

target was an "X." They were instructed to use two fingers of one hand, and ail used their 

right hand. Reaction time to the target stimulus was measured in rnilliseconds (msec.). 

Following practice trials, a test on the task consisted of 112 triais. Fifly-six cue triais 

were presented in a ratio of approximately 80% valid trials to 20% invalid trials. A vaiid trial 

occurred when the cue and the target were presented in the same location. An invalid triai 

presented the target in a different location than the cue. Forty-four valid triais were presented 
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during a test with 1 1 trials occumng at each target location (upper, right, lower, left). Twelve 

invalid trials were presented during a test, with three trials occumng at each target location. 

No cues were presented on 56 trials. Each of the two target stimuli was presented on an equal 

number of trials in each cue condition. 

3. Endoeenous Numericd Identification Task fN) This task was identical to Task O in 

al1 respects except for the characteristic and location of the cues. In this task the valid and 

invalid cues were represented by the numbers one to four that appeared individually in the 

centre of the screen. The numbers were 0.5 cm in size and subtended 0.34 degrees of visual 

angle Each number corresponded to a panicular quadrant of the screen. (top=l. right=2. 

bottom=3,lefi=l). The quadrant numbers were clearly labeled on the front fiame of the 

cornputer monitor in 3 centimeter high digits that were placed in the centre of the 

conesponding part of the monitor fiame. On the 14 vaiid trials, the numencal cue identified 

the quadrant in which the ta-t would subsequently appear. On the 12 invalid trials. the 

number incorrectiy predicted the quadrant in which the target would appear. The proponion 

of valid to invalid triais remained the same as in the original task (80% to 20% respectively), 

and the remaining 56 trials presented no cues. 

3. Endopenous Plnt hmetic Task (A) This task was designed to involve more 

information processing than Task N. It was identicai to Task N except that the cue presented 

in the centre of the screen to indicate the location of the target was a basic mathematicai 

equation. The equations consisted of two numbers between zero and six and were solved by 

addition or subtraction. The equations were 1.28 cm in size and subtended 0.86 degrees of 

visual angle. On valid trials, solving the equation prediaed the location of the target. For 



exarnple, the equation in the centre of the screen rnight read 1 +3, indicating the target will 

appear in quadrant four. The equations were simple enough for university students to solve 

without difficulty. On invalid tnals the solution to the equation did not identify the quadrant in 

which the target subsequently appeared. The remaining 56 trials of a test presented no cues. 

Procedure 

Testing occurred on an individual basis. Lrpon arriving at the testing room. pmicipants 

were given a general description of the study and were asked to read and sign the study 

consent fonn. They were then seated in Front of the computer screen and the instructions for 

Task O were read to them by the experimenter (Appendix C-8). Participants then performed 

20 familiarization triais on Task 0, and the expenmenter observed their performance in order 

to ver@ that the task instructions had been understood and the task was being penorrned 

correctly. Afler participants were familiarized with the task, the expenmenter lefl the room 

and they practiced the task by performing 1 12 trials. 

The expenrnenter then re-entered the room to provide instruction on Task N before 10 

fmiliarization triais and 1 12 practice trials were perfomed This familiarization and practice 

then were repeated for Task .4. A one-and-a-half-minute break separated the practice on each 

task (see Appendix C-8 for task instructions for Tasks N and A). 

M e r  dl three tasks had been practiced, participants reaed for another one and a half 

minutes before testing comrnenced. The first test consisted of 1 12 trials on each task with a 

one-and-a-haif-minute break between tasks. The order in which tasks were tested was 

counterbalanced and was matched across gender. Ail possible task orders were administered. 

M e r  a three-minute rest, a second test, also consisting of 1 12 trials on each task, was 



administered. A pmicipant perfomed the tasks in the same order on both tests. When the 

tests were completed, the participants were paid and debriefed. 

Criterion Measures and Data Analyses 

A participant's mean RT for correct responses to vaiid, invalid and no-cue trials, 

respectively, were caiculated for each cue condition, on each test of each task. AI1 RT 

measures for each participant were tnmmed using the non-recursive procedure with moving 

critenon suggested by Van Selst and Jolicoeur (1994). 

The effect of task on the mean RT to each cue condition was tested separately, using 

Gender (male and female) by Task (O, N and A) by Test (tests 1 and 2) analyses of variance 

(ANOVA). 

Al1 tasks in this study required the participant to respond by pressing a specific key 

depending on which one of two targets was presented. It was possible that increasing the 

information processing demands of Task O affected the accuracy of these responses as weil as 

reaction time. To explore this possibility the accuracy of responses to the target stimuli on 

each task was examined for valid, invalid. and no-cue triais on the two tests. 

Accuracy scores for valid trials were computed for each participant by determining the 

total number of accurate responses, out of a total of 14 possible responses, for each of the 

three tasks on the two tests. Accuracy scores for invalid triais were computed for each 

participant by determining the total number of accurate responses, out of a total of 12 possible 

responses, for each of the three tasks on the two tests. Accuracy scores for no-cue triais were 

computed for each participant by detennining the total number of accurate responses, out of a 

total of 56 possible responses, for each of the three tasks on the two tests. The effect of task 
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on the mean accuracy scores for each of the three cues was tested separately. using a Gender 

(male and female) by Task (O. N and -4) by Test (tests1 and 2) ANOVA. 

The RT of the three cue conditions within each task was examined using Gender (male 

and femaie) by Test (tests 1 and 2) by Cue (valid, invalid, no cue) ANOVAs. 

Results 

Task Effects on Each Cue Condition 

Valid Trials 

A 2(gender) x 3(task) x 2(test) ANOVA was perforrned on the RTs to the va Sid trials 

on the three tasks during the two tests. The results revealed only a significant main effect of 

task. E(2.28)=?. 858, ~ = 0  033. No other main effects or interactions were significant (g-values 

> 0.190) (Table 1). An examination of the mean RTs for each task, averaged over the two - 

tests (Figure 2a) revealed that they are in the predicted order with RTs on Task A lonoer than 

those on Task N which are longer than those on Task O. Means and standard deviations of 

RTs on each task, averaged over the two tests, are presented in Appendix B-2 Table I .  These 

findings are consistent with the prediction that tasks requiring more information processing 

result in longer reaction times to the valid trials. 
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Table 1 : Analysis of Variance of Mean RT to Valid Trials on Three Tasks 
As a Function of Test and Gender 

Source 

Between Subjects 
Gender 
Error 

Within Subjects 
Task 
Task x Gender 
Error 

Test 
Test x Gender 
Error 

Task x Test 
Task x Test x Gender 
Error 

Invalid TriaIs 

A Z(gender) x 3(task) x Z(test) .4lVOVA was performed on the RTs to the invalid trials 

on the three tasks during the two tests. The results revealed only a significant main effect of 

task. E(2. t8)=7.3 73. p=O.OO3. No other main effects or interactions were significant (pvalues 

>O. 108) (Table 2). .4n examination of the mean RTs for each task, averaged over the two tests - 

(Figure 2b) confirmed that the means are in the predicted order with RTs on Task A longer 

than those on Task N which are longer than those on Task O. The means and standard 

deviations of RTs for the three tasks, averaged over the two tests, are presented in Appendix 

B-2. Table 2. This finding is consistent with the prediction that invalid cues that require more 



information processing slow reaction time to a greater degree. 

Table 2: Analysis of Variance of Mean RT to invalid Trials on Three Tasks 
As a Function of Test and Gender 

Source 

Between Subjects 
Gender 
Error 

Within Subjects 
Task 
Task x Gender 
Error 

Test 
Test x Gender 
Error 

Task x Test 
Task s Test x Gender 
Error 

No-Cue Trials 

A 2(gender) x 3(task) x Z(test) .A.NOVA was performed on the RTs to the no-cue trials 

on the three tasks during the two tests The results revealed a significant main effect of task. 

F(2,28)=4.287, ~=0.024 and a significant test x gender interaction, 1(1,14)=OO3, g=0.044. - 

No other main effects or interactions were significant @-valuee0.740) (Table 3). An 

examination of the mean RTs for each task, averaged over the two tests (Figure Zc) revealed 

that RTs were shonest on Task N and longest on Task A. The means and standard deviations 

of RTs on each task. averaged over the two tests, are presented in Appendix B-2, Table 3. 
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Table 3 : Analysis of Variance of Mean RT to No-Cue Trials on Three Tasks 
As a Function of Test and Gender 

Source 

Between Subjects 
Gender 
Error 

Within Subjects 
Task 
Task x Gender 
Error 

Test 
Test x Gender 
Error 

Task x Test 
Task x Test x Gender 
Error 

The sienifkant test x sender interaction is illustrated by the mean RTs of men and 

women on each of the tests (Appendix B-3, Figure 1 ). On test 1, RTs of the males tended to 

be longer than those of the fernales, but on test 2, RTs of men and women were very similar. 

The main purpose of the present study was to determine if performance on the three 

tasks was consistent with a manipulation of information processing before the effect of alcohol 

is tested. Because the aicohol research will examine the perfomance of male social drinkers 

only, the mean RT to the no-cue trials for the eight men was examined separately in a 3(task) x 

?(test) .4NOVA. The results reveaied no signifiant main effects or interaction 

( p v a l u e ~ 0  103) (see Appendix B-2, Table 4a). The means and standard deviations of RTs on 

each task, averaged over the two teas for males, are presented in Appendix 8-2, Table S. 
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Thus. when the data for the males were exarnined alone, performance on the no-cue trials did 

not sigificantly differ for the three tasks and this was consistent over the two tests. 

It should be noted. however, that the order of the means for the males on the three 

tasks was consistent with the original findings using data from both males and fernales, 

although the differences between the task means were less extreme for males. In order to 

determine that the lack of task effect in the anaiysis using the RTs from the males was not 

simply due to a loss of power as a result of the decreased sample size, the data from the female 

participants were also examined separately to see if the data from this group would pnmarily 

account for the order effect seen in the combined sample. The results fiom this analysis also 

revealed no significant main effects or interaction, although the task effect did approach 

significance (E(t714)=3.206, p=U.Oi 1) (see Appendix 8-2, Table 4b). The means and standard 

deviations of t he RTs on each task. averaged over the two tests for females, are presented in 

.4ppendix 8-2, Table 5 .  An examination of the means revealed that they are also in the sarne 

direction as the original combined sample. with RTs shonest on Task N, longer on Task O and 

longest on Task -4. The differences between the task means for the females are much greater 

than for the males. Thus, it appears that the mean RTs for the three tasks on no-cue trials are 

relatively stable for males, but are much less so for females. 

Analyses of Accuracv Data A Z(gender) x 3(task) x 2(test) AVOVA was perforrned on 

the accuracy scores for the 44 valid trials. The results reveaied a significant main effect of 

task, E(2,28)= 1 1.73 5, ~ ~ 0 . 0 0  1. No other main efects or interactions were signifiant (p- 

values 1 0.167) (Appendix B-2, Table 6). An examination of the accuracy scores on the three 

tasks, averaged over the two tests revealed that responses to Task O were most accurate 
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( X=43.28 1. ==O.9 12). responses to Task N were less accurate ( Z 4 2  . Z O ,  1 378) and 

responses to Task A were least accurate ( 2 4  1.594, == 1.734). In terms of percent 

accuracy, this represented 98.3 66 percent, 96.023 percent and 94.53 2 percent, respectively. 

Percent accuracy on valid trials for each of the three tasks are presented in Appendix B-3, 

Figure ?a. Although accuracy was high, it decreased as the information processing demands of 

the tasks increased. 

A 2(gender) x 3(task) x Z(test) ANOVA was performed on the accuracy scores for the 

1 2 invalid trials. The results revealed a significant main effect of task, F(2,28)=3.5 14, 

g=0.043, and a main effect oftest. ~(1,14)=5.040, p=0.041. No other main effects or 

interactions were significant @-values 2 0.266) (Appendix B-2, Table 7). An examination of 

accuracy scores on the three tasks averaged over the two tests revealed that responses to Task 

O were most accurate (X=11.813, ==0.403), responses to Task N were less accurate 

( % = I l  S94, ==0.688) and responses to Task A were least accurate (%=I 1.406, ==0.455). 

Once again percent accuracy was high, with the above scores representing 98.442 percent. 

96.6 17 percent and 95.050 percent, respectively. Percent accuracy on invalid trials for each of 

the three tasks are presented in Appendix B-3, Figure 2b. Response accuracy to invaiid trials 

decreased as the information processing demands of the tasks increased. An examination of 

the accuracy scores on the two tests, averaged over the three tasks revealed that responses 

were less accurate on test 1 (n=l1.479, SJ=0.530) than test 2 (E=11.729, ==0.349). 

-4 Z(8ender) x 3(task) x 2(test) ANOVA was performed on the accuracy scores for the 

56 no-cue trials. The results revealed that no main effects or interactions were significant (p 

values 2 0.070) (Appendix B-2, Table 8a). The percentage of correct responses on the three 
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tasks averaged over the two tests are presented in Appendix B-3, Figure 2c. Responses on no- 

cue trials for Task O were 97.545 percent correct, responses for Task N were 96.988 percent 

correct, and responses for Task A were 98.046 percent correct. The means and standard 

deviations for the accuracy scores on the three tasks, averaged over the two tests. are 

presented in Appendix B-2. Table 8b. 

RT to Cues Within a Task 

Exoeenous - Coven Onentine Task (0) 

A t(gender) x ?(test) x 3(cue) ANOVA was performed on the RTs to the three cue 

conditions on Task O dunng the two tests. The results revealed a sipificant main effect of 

cue. E(2.28)=29708. 00 1 .  No other main effects or interactions reached g=0.05 (Table 

4). An examination of the mean RTs for each cue condition, averaged over the two tests 

(Figure 3a) showed that they are in the predicted direction, with the rnean for valid trials being 

the shonest. the mean for invalid tnals being in the middle, and the mean for the no-cue tnals 

being the lonoest. This trend had been obtained in the pilot investigation of Task O. The 

means and standard deviations for the RTs on the three cue conditions. averaged over the two 

tests, are presented in Appendix B-2, Table 9. 

One interaction approached g=O.OS (cue x gender, E(2,28)=3.29 1, g=0.052). .An 

examination of the mean RTs for each cue condition, averaged over the two tests, for each 

gender separately (Appendix B-3, Figure 3) showed that the mean RTs to the cues for both 

males and femaies showed the aforementioned order, but males had shorter RT's for valid 

trials than fernales, and females had shoner RTs than maies for invalid- and no-cue trials. 



figure 38: Trsk O Mean RT for 3 Cue Conditions, Avenigtd Over 2 Tuts 
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The means and standard deviations for the RTs on the three cue conditions, averaged over the 

two tests. for each gender, are presented in Appendix B-2, Table 10. 

Table 4: Analysis of Variance of Mean RT on Task O for Three Cue Conditions 
As a Function of Test and Gender 

Source 

Between Subjects 
Gender 
Error 

Within Subjects 
Test 
Test s Gender 
Error 

Cue 
Cue x Gender 
Error 

Test x Cue 
Test ?r Cue iu Gender 
Error 

Endogenous Numerical Identification Task (N) 

A 2(oender) x Z(test) x 3(cue) ANOVA was performed on the RTs to the three cue 

conditions on Task N for the two tests. The results revealed a significant main effect of cue, 

E(2,28)=16.268, ~=0.000. No other main effeas or interactions were significant @-values 2 

O. 253) (Table 5). An examination of the mean RTs for each cue condition, averaged over the 

two tests (Figure 3b) showed that the mean RT to valid trials was the shortest, and longer RTs 



occurred to invalid and no-cue trials. The means and standard deviations for the cue effect are 

presented in Appendix B-2, Table 1 1.  A paired-samples ktest was performed on the mean 

RTs for invalid and no-cue trials, averaged over test and gender. No significant difference was 

found. 1(1,15)=0.717, ~=0.485.  

Table 5: Analysis of Variance of Mean RT on Task N for Three Cue Conditions 
As a Function of Test and Gender 

Source 

Between Subjects 
Gender 
Error 

Within Subjects 
Test 
Test x Gender 
Error 

Cue 
Cue 'c Gender 
Error 

Test x Cue 
Test x Cue x Gender 
Error 

Endo~enous Arithmetic Task (A) 

A 2(gender) x 2(test) x 3(cue) ANOVA was performed on the RTs to the three cue 

conditions on Task .4 for the two tests. The results revealed a significant main effect of cue, 

E(2,28)= 12.274. g=0.000. No other main effects or interactions were significant @-values > 

0.125) (Table 6). An examination of the mean RTs for each CU-, averaged over the two tests 
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(Figure 3c) revealed that the mean RT to valid trials was the shonest, and the mean RTs to 

invalid and no-cue tnals were longer. The means and standard deviations for the cue effect are 

presented in Appendix 8-2, Table 12. A paired-samples -test was perfomed on the rnean 

RTs for invalid and no-cue trials, averaged over test and gender. No significant difference was 

found, !( 1,15)=-0 434 g=0.670. 

Table 6. Analysis of Variance of Mean RT on Task A for Three ~ u e  Conditions 
As a Function of Test and Gender 

Source 

Between Subjects 
Gender 
Error 

Within Subjects 
Test 
Test x Gender 
Error 

Cue 
Cue x Gender 
Error 

Test x Cue 
Test x Cue x Gender 
Error 

- - -- - - -- - - - - - -- -- - - 

Discussion 

This experiment used three onenting tasks that were designed to Vary in information 

processing demands, and tested the hypothesis that attentional processes will be slower when 

greater information processing is required. Task A was devised to involve the most 
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information processing. Task N was intermediate and Task O required the least information 

processing. In accord with the hypothesis that longer RTs to valid trials and to invalid trials 

occurred on tasks with more information-processing requirements. RT on Task A was longer 

than RT on Task N and RT on Task O was the shonest. 

A test on each task included a set of trials without any cue As the cue manipulated 

information. and no-cue trials were identical across tasks, there was no basis for predicting any 

task effect on RT when the cue was absent. However, a main effect of task was obtained. and 

indicated that the no-cue RT was shonest on Task N, where information-processing demands 

were intermediate. This result is at variance with the RT to valid and invalid cues that 

manipulated information processing. it is unclear why this effect occurred It is possible that 

there was some son of carryover effect on no-cue trials because they were rnixed in with the 

valid and invalid trials. However, the interpretation of RT to no-cue trials was hnher 

complicated by a test x gender interaction that revealed that the RT for males was longer than 

the RT for females on test 1, whereas the RTs for males and fernales were essentially the same 

on test 2. Because the next study examining the effects of alcohol will use only male 

panicipants, separate analyses of the data From men and women were conduaed and each 

analysis obtained no significant effects. Thus, a replication of the results would be required to 

detemine if no-cue trials are afTected by the tasks. 

The results fiom the accuracy data were consistent with the hypothesis that iiformation 

processing was manipulated in the three tasks. For both valid and invalid trials, accuracy was 

lowest on tasks that required the greatest information processing. There was no task effect for 

accuracy on no-cue trials on which cues manipulating information processing were absent. 
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The pattern of RT to the three cues on Task O was found to confirm the results of the 

first exploratory study. The mean RT to valid trials was shoner than the mean RT to invalid 

trials, which was shoner than the mean RT to no-cue triais. The results indicate that valid 

exogenous cues speed performance by predicting the amval and location of a target. An 

invalid cue predicts the amval of the target. but the location is incorrect. In this instance, 

reactions to the target are longer, but still shoner than if no cue is present. The shoner RT to 

invalid than no-cue conditions suggests an increase in alenness by simply waming that the 

target is coming. This is sufficient to speed performance, even though the cue predicts the 

wrong t arget location. 

It was unclear how the relative RT to the three cues would chanse on Tasks N and A 

in which endogenous cues conveyed varying degrees of information about the location of the 

target. RT to valid trials on Tasks N and A were shoner than the RT to invalid trials, and this 

is consistent with the findings on Task O. However. Tasks N and A lengthened RT to vaiid 

and invalid trials. .4s a result the RT to invalid trials on Tasks N and A did not differ fiom the 

RT to no-cue trials. Thus, it seems that on tasks with greater information processing demands. 

simply knowing that a target is coming while being provided with an incorrect target location, 

does not improve reaction time to the target, compared to not having any knowledge of the 

target. However. knowing that a target is corning and being provided with the correct location 

still speeds reaction time. 

It is cornmon in the drug-free cognition literature for the RT data fiom coven orienting 

tasks to be trimrned in some manner in order to reduce the variability in the data that is due to 

nonexpenmental influences. However. there are several reasons that this procedure may be 



counterproductive for investigations of the effect of aicohol on coven orienting. A classic 

paper discussing several tnmrning procedures (Van Selst and Jolicoeur, 1994) states that 

trimming is used to limit the sample to those trials that were being perfonned in a 

homogeneous rnanner by a participant, "without an undue influence of extraneous influences 

such as iapses of attention leading to longer response times or anticipation effects leading to 

shoner response timesg'(p. 63 1). However, in the present research, the effect of aicohol on 

these tasks is unknown and it may be that such lapses of attention are actually caused by 

alcohol. Thus, trirnrning the data may remove the effect that is the focus of research interest 

As such. the analyses in the Main Experiment. which examined the effect of alcohol on these 

coven onenting tasks, are based on untrimmed data. 
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Table 1 .  Mean Reaction Times and Standard Deviations to the Valid 
Trials Averaged Over Two Tests for Three Tasks 

Task O Task N Task A 

Table 2: Mean Reaction Times and Standard Deviations to the Invaiid 
Trials Averaged Over Two Tests for Three Tasks 

Task O Task N Task A 

Table 3: Mean Reaction Times and Standard Deviations to No-Cue 
Trials Averaged Over Two Tests for Three Tasks 

Task O Task N Task A 

390 559 
(60.1 OS) 

Table 4a: halysis of Variance of Mean RT for Eight Men to No-Cue Trials 
On Three Tasks as a Function of Test 

Source - DF 

Task 2 
Enor 14 

Test 
Error 

Task x Test 2 
Error 14 



. .- - . . - - . -. . -- - -- -. . . 

Table 4b: Analysis of Variance of ~ e a n  RT for Eight Women to No-Cue Triais 
On Three Tasks as a Function of Test 

Task 
Error 

Test 
Error 

Task x Test 
Error 

Table 5 Mean Reaction Times and Standard Deviations to No-Cue Trials 
Averaged Over Two Tests for Three Tasks for Male and Fernale 
Participants (fi=8) 

Task O Task N Task A 
Males Females Males Females Maies Females 

Mean 386.057 478 816 481.818 468.2 15 493.534 487.584 
( S D )  (58.271) (52.73 1) (70.680) (48.736) (70.2 13) (52.833) 

Table 6 .eialysis of Variance of Mean .&curacy Scores for Valid Trials on Three 
Tasks As a Function of Test and Gender 

Source 

Between Subjects 
Gender 1 1.500 O. 183 0.676 
Error 14 8.2 14 

Within Subjects 
Test 1 1.500 1.385 0.259 
Test x Gender 1 0.000 0.000 1 .O00 
Error 14 1 .O83 



Task 
Task x Gender 
Error 

Task x Test 2 3.469 1.91 1 O. 167 
Task x Test x Gender 2 O. 78 1 0.430 0.655 
Error 28 1.815 

Table 7 Analysis of Variance of Mean Accuracy Scores for Invalid Trials 
On Three Tasks as a Function of Test and Gender 

Source 

Between Subjects 
Gender 
Error 

Within Subjects 
Test 
Test x Gender 
Error 

Task 
Task x Gender 
Error 

Task x Test 
Task x Test x Gender 
Error 

Table 8a: Analysis of Variance of Mean Accuracy Scores for No-Cue Triais on Three 
Tasks as a Function of Test and Gender 

Source 

Between Subjects 
Gender 1 0.5 10 0.059 0.8 12 
Error 14 8.671 



Within Subjects 
Test 
Test x Gender 
Error 

Task 
Task x Gender 
Error 

Task x Test 
Task x Test x Gender 
Error 

Table 8b: Mean Accuracy Scores for No-Cue Trials (out of a total of 56) and Standard 
Deviations for the Three Tasks Averaged Over Two Tests 

Task O Task N Task .A 

Table 9: Mean Reaction Times and Standard Deviations on Task O for Three Cue 
Conditions Averaged Over Two Tests 

Invalid No Cue 

Table IO: Mean Reaction Times and Standard Deviations on Task O for Three Cue 
Conditions Averaged Over Two Tests for Males and Females 

.- . 

~ & d  - -  Invalid No Cue 
Maies Females Males FemaIes Males Females 

Mean 426.583 443 -47 1 463.591 450.77 1 486.057 478.816 
(SD) (41.920) (47.082) (60.469) (44.440) (58.271) (52.73 1) 



Table I 1 : Mean Reaction Times and Standard Deviations on Task N for Three Cue 
Conditions Averaged Over Two Tests 

No Cue 

Table 12: Mean Reaction Times and Standard Deviations on Task A for Three Cue 
Conditions Averaged Over Two Tests 

No Cue 
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Figure 1: Mean RT of Males and Females (nl)) to No-Cue Trials on 2 Tests 

Averaged Over 3 Tasks 
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Amendix C: Main Ex~eriment - Ex~erimtntal Materiab 

Appendix C-1 
Phone Intewiew: 

Hello. I'm and I'm phoning from the University 
of Waterloo Depanment of Psychology You expressed an interest in participating in 
psychology experiments. I'm cailing to tell you a bit more about the research we are doing. 

ln our lab we are measunng the effects of alcohol on a computerized task that requires 
responding to visual-spatial information on a computer screen. You will be asked to respond 
to targets on the computer screen as fast as you cm. The experiment involves attending two 
sessions. The first session takes about 30 minutes and you'll just practice the task and get 
familiarized with the lab The second session will take approximately 3 hours. Dunng this 
session you will receive alcohol in the form of a mixed drink. You will be paid $1 5 at the end 
of the second session. We are selecting individuals whose body weights faIl between a range 
of 130200 pounds (50-90 kg) and are at least 19 years of age. Are you interested in 
participating? Have you ever participateci in an aicohol study before or a study that involved 
any other drugs, such as cafTeine? What did you do in that study? What was the task? 

A breathalyser machine will measure your breath sarnples in order to estimate your 
blood alcohol concentration at different times. We use mild doses of alcohol, which will not 
make you sick However. you must not drive or operate other machinen, after completing the 
expenment. If you need transponation home it will be provided for you. M e r  the expenment 
you remain in the lab until your blood alcohol levei retums to a safe Ievel. 

Athough the doses of alcohol used in this experiment are not harmfil, alcohol ma. 
have some physical side effects. Thus, it is important that you do not have any medical 
problems such as diabetes or epilepsy. Similarly, it is imponant that you are not taking any 
medication: this includes regular use of cold or ailergy medications, aspinn or antihistamines. 
or over-the-counter dmgs. such as "wake-up" pilis. 

It is also imponant that you abstain fiom dnnking alcohol for 24 hours pnor to the 
second session In addition. you should not eat any food during the 4 hours before the second 
session and abstain from fluids, apan from sips of water, for 2 hours before the second session. 
Your stomach should be empty because stomach contents can affect the absorption of alcohol. 
Do you have any questions? Please meet me on the founh floor of the psychology building by 
the elevators on [date] [time]. 
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Informed Consent Letter: 

1. . age - hereby state that 1 have volunteered to conswne a rnild dose of 
alcohol and ~ i l l  perform a test on a computer task. The purpose of thrs stu& is to e.uamine how alcohol may 
a e c t  performance on a visual-spatial task. My participation wi11 require 3.5 hours (!4 an hour this session and 
3 hours for the test session that is to be scheduled). I understand that 1 ui1I be asked to respond to targets on a 
computer screen as fast as 1 can. after whch 1 will receive a dose of aicohol and be asked to perform the task 
again. 

1 undentand that the dose of alcohol is mild. and that my blood alcohol concentration (BAC) will be 
belou approsimatefy O.OSg%. During the stuciy. 1 will provide breath samples to a Breathalyser to venfi my 
BAC throughout the nudu. 1 also will be asked to complete brief questionnaires by reporting on my drinking 
habits. indicaiing an! problems 1 ma? have e'rperienced uith dnnhng. and rating effects that 1 e.upect from 
alcohol. I understand that t ma: decline to annver any questions that 1 prefer not to answer. 

1 understand that it is important ihat I am in good health. and that I have no problems associated wiih 
dnnking alcohol. 1 am not currently taking an! medication. 1 agree to abnain from alcohol for at least 24 
hours so that no pnor esposure to alcohol could af3ect the results. and 1 agree ro fast for 4 hours prior to 
receiving alcohol to ensure that stomach contenrs do not affect the absorption of alcohol. 1 also undernand that 
at the concfusion of the nudy. my blood alcohol level may be above zero and I am advised to remain in the Lab 
a r a  until it returns to a safe level as determined by the e.qerimenter. 1 also agree not to dnve any vehicle 
(including a car or a bicycle) or operate an! other machinery for at leasî 2 hours aller leaving the eqeriment. 

1 undentand thai al1 records, tests and personal data are c ~ ~ d e n t i a l .  and will k used in research 
reports that do not disclose the ldentip of any individual. 1 undemand ihat an! persona1 identifiers. linking 
participants to their reports on questionnaires. \vil1 be detached and destroyed as soon as participation is 
completed. All paper records will be destroyed b! shredding. and oniy data stored on computer \\dl remain 

1 consent to what is proposed to k done. 1 agree of my own free wi l I  to panicipate in this espenrnent. 
The consent is given freely and I understand that I am free to uithdraw from the espenrnent at an! time. for 
an! reason. 1 understand that 1 shall receive a remuneration of S 15 for taking part in this study. and that tf 1 do 
not complete the stud! a prorated amount will k provided ($5 per hour). 

This rescarch is k i n g  conducted by Judith Camdden. under the supenision of Dr. M. Vogel-Sprott. 
who ma! be reached at the Depanmeni of Psycholog!. ext. 2666. This project has been reviewed and received 
ethics clearance through the Office of Human Research. if you have any questions or concerns about Four 
participation. piease cal1 this office at 885-1 2 1 1. ehqension 6005. 

Signed this da! of . 19 . 

Participant's Name 

Participant's Signature 

W itness 
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Dnnking Habits Questionnaire: 

Below are some questions which are pnmarily concerned with your personal drinking. Most 
ask you to answer according to what is rnost typical or usual for you. Please try to answer 
each question as honestly as possible. 

1) Please estimate the nurnber of years that you have been dnnking alcohol. Estimate to the 
nearest month. 

2) How oflen. on average. do you drink alcohol? (Choose only one) 

A) Only on special occasions, how many tirnes per year? 
B) Monthly, how ofien? 
C) Weekly. how ofien? 
D) Daily, how ofien? 

3) What alcohol beverage do you usually dnnk? 

4) In terms of the beverage indicated in question 3. what is the AVER4GE quantity you dnnk 
in a single drinking occasion? (Choose only one) 

A) WlNE (estimate ounces) 1 2 3 4 5 6 7 8 9 10 or 
B) BEER (bottles) 1 2 3 4 5 6 7 8 9 10 or 
C) BEER (drafl @asses) 1 t 3 4 5 6 7 8 9 10 or 
D) LIQL'OR (assume 1.5 ounces per dnnk and estimate the number of drinks) 1 2 3 4 

5 6 7 8 9 1 0 o r  

5) How long does your typical drinking occasion last? (Complete only one) 

6) Have you ever had a conviction for impaired dnving? YES NO 

7) Have you ever experienced any problems related to your drinking? YES NO 

8) A8e - Weight Height Handedness: r 1 
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Eating Guidelines: 

Please eat a light meal followed by 4 hours of fasting before you corne in for your appointment. 
For example, if your appointment is at 4:00 p. m., have a light snack at about 1200 p. m. and 
then eat nothing for 4 hours. Below is a list of suggested foods and a list offoods to avoid. In 
general. avoid al1 dairy products and al1 greasy, fned foods (e.g. anything with butter). Thank 
you for your cooperation. 

Suggested Foods: 
breads, buns, muffins 

fmirs. vegetables 
seafood (nothing packed in oil) 
meat or poultry (broiled. baked or barbecued) 
hard or sofl boiled egos 
toast with jam (no butter) 
salad (no dressing) 
sandwiches (luncheon meats. with mustard only) 
soup (not creamed) 
pickles 

Foods to Avoid: 
al1 dairy products (e.g., cheese. 
butter, yogun, 
ice-cream, margarine, or milk) 
mayonnaise 
fiied hamburgers 
fhed eggs 
bacon 
fiench fies. chips 
donuts 
peanut butter 

Your next appointment is at on . (PAS, 4fi Floor) 
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Biphasic Alcohol Effects Scale: 

Instructions: The following adjectives describe feelings t hat are sometimes experienced. 

PLEASE R4TE THE EXTENT TO WHICH YOL' ARE EXPERIENCWG THESE 
FEELINGS AT THE PRESENT TIME. 

Not At Al1 
Dificulty 
Concentrating O 

Down O 

Elated O 

Energized O 

Excited O 

Heavy Head O 

Inactive O 

Sedated O 

Slow ThoughtsO 

Sluggish O 

Stimulated O 

Talkative O 

UP O 

Vigorous O 

Moderatelv Emremel y 
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Drink Strength Questionnaire: 

Participant # 

Regarding the alcohol you have consumed, rate the strength of its effea by cornparhg it to 
bottles of beer (5% alcohol by volume) fluid ounces of liquor (40% alcohol by volume). 
ONE STANDARD DRINK CONTAMS 1.5  OUNCES OF ALCOHOL 

BOTTLES OF BEER (5%) 
Circle the total number of BOTTLES 

OR OUNCES OF LIQUOR (4096) 
Circie the total number of 
OUNCES 

0.0 
O. 5 
1 .O 
1.5 
2.0 
2.5 
3 .O 
3 . 5  
4.0 
4.5 
5.0 
5 . 5  
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 
9.0 
9.5 
10.0 
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Explanation of the Study - Training Session: 

Generai Description of the Study 

To ensure that each participant has the same understanding of the experiment, 1 will be 
reading information and instructions to you. While this is formal, it ensures that we remember 
to explain everything the same way to everyone. 

First of ail, I'd like to thank you for volunteering to pmicipate in this study. 1 hope 
that ou' l l  find it to be an interesting expenence. It is very imponant that you are fùlly aware 
of the requirements for participation before we begin the study. 

The total time required of you will be around 3.5 hours. Today's session will take 
about half an hour to cornpiete and will involve practising the task and getting familiar with the 
lab. D u h g  the second session you'll receive alcohol and perfonn the task. This will take 
about 3 hours. 

The purpose of this study is to examine the efTect that alcohol has on the performance 
of a computerized task. The pay for participating in the expenment is $1 5 which you will 
receive at the end of the second session. 

That is a general explanation of what is involved in the study. Now i'm going to 
explain some of the requirements for participating. 

Timing is very important in this experiment. You will be asked to perfonn the task at 
specified times. and during the drinking session you will be asked to drink each of the drinks 
within a certain time penod At times, 1 may have to intemipt your conversation, reading. or 
other activities. Your cooperation with the time scheduie is very important. 

There are a number of requirements that penain to the second session, as 1 explained 
on the phone. First, stomach contents affect the absorption of alcohol. We want everyone to 
absorb the alcohol as similarly as possible so we have some strict niles about eating prior to the 
dnnkins session. It is important that you eat breakfast or a light lunch four hours before the 
stan of the second session but after this meal. we ask that you not drink anythino. apan for 
sips of water. for the rest of the four houn prior to the stan of the drinking session. 1'11 give 
you more details about this at the end of the session. We aiso ask that you not take any dnigs 
(such as alcohol, aspinn or antihistarnines) for 24 hours before the second session. 

Do you have any questions? If you agree with these conditions, please read and sign 
this consent fom, and then we can begin. 
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Task Instructions - Training Session: 

Task O 
I'd like you to watch the screen in front of you. When you press the spacebar you will see a 
small dot in the center of the screen. At times, the dot will disappear and a larger circle will 
appear in one of these 4 quadrants (show). The location of this circle will tell you in which 
quadrant a target will appear. 

The target will be either a sisn or an X. Whenever you see a + sign I'd like you to press the 
n key as fast as you can. Whenever you see an X I'd like you to press the m key as fast as you 
can 

The circle will correctly tell you where the rarget will appear most of the time, but not all of 
the time. It will be of great benefit to you and you should always use this information to 
determine where the target will appear so you can respond to the target faster. 

On some trials. no circle will appear and the screen will be blank except for the tiny dot. You 
are to still press the correct key as fast as you can as soon as the target appears. 

Targets and circles will appear in this area of the screen (show with finger on screen). 

You may use whichever hand you wish. but use two fingers frorn the same hand. 

It's very important that you not move your eyes when you do the task. Keep them focused on 
the center of the screen. 

h y  questions? 

We'll do a shon practice block so you cm see how it works. 

 partic ci pu^^ perfoms practicr block] 

Any questions? 

Now we'll do a block of trials just like this. The block will take about 6 minutes to complete 
and then the words "Please Wait" will appear on the screen. At that point, just open the door 
and 1'11 be ri_pht in. 

Task N 
This next task is sirnilar to the one you just leamed, but there are no circles and there is 



an additional component. Once again, I'd like you to watch the screen in front of you. When 
you press the spacebar you will again see a small dot in the center of the screen. At times. the 
dot will disappear and be replaced by a nurnber between 1 and 4 which will appear in the 
center of the screen. The numencal value of this number will tell you in which of these 4 
quadrants (show) a target will appear. The number will correctly tell you where it will appear 
most of the time, but not al1 of the time. Like the circles, using the number to deterrnine where 
the target will appear will be of great benefit and you should dways use it to deterrnine where 
the target will appear so you can respond to the target faster. 

The target will again be either a + sign or an X. 

So, for exampie, if the nurnber 4 appears on the screen, this would indicate that the target may 
appear in quadrant number 4 (show). When the target appears. you would press the correct 
key Targets will appear in this vicinity (show with finger on screen). 

On some trials, no number will appear on the screen and the screen will be blank except for the 
tiny dot. You are to still press the correct key as fast as you cm as soon as the target appears. 
Aeain. it 's very imponant that you don? move your eyes. Keep them focused on the center of 
the screen. 

We'll do a shon practice block so you cm see how it works. 

[parri o ipm pr rforms practice b iock] 

Anp questions? 

Now we'll do a block of trials just like this. The block will take about 6 minutes to complete 
and then the words "Please Wait" will appear on the screen. At that point, just open the door 
and 1'11 be right in. 

Task A 
Now we'll do another sirnilar task. The only difference between this task and the previous one 
is that instead of a sinole number appeanng on the screen to tell you the target location, a shon 
math equation will appear in the center of the screen. The equation will consist of 2 numbers 
between O and 6 and will involve either addition or subtraction. The solution to the equation 
will tell you in which quadrant the target will appear. As in the previous two tasks, the 
solution to the equation will correctly tell you where the target will appear most of the time. 
Thus, this information will be of great benefit and you should always use it to determine where 
the target will appear so you can respond to the target faster. 

For example, 2+ 1 may appear on the screen. The solution to the equation is 3, indicating that 
the target may appear in quadrant 3 (point). 



Any questions? 

We'lI do a bief practice block so you can see how it works. 

[participm completes practice block] 

Any questions? 

Now we'll do a block of trials just like this. The block will take about 6 minutes to complete. 
Please open the door when the words "Please Wait" appear on the screen. 
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Study Reminders: 

1 have a few things to tell you about the next session. First of d l ,  as 1 said before, it is 
important that you eat breakfast or a light lunch four houn before the stan of the second 
session. For example. if you are coming for a session at 6 p.m., you would have lunch or a 
snack at 2 p . m  There are two restrictions on what you eat in that med. 1) Do not have milk 
or milk products such as yogun or cheese. 2) Do not have fatty or greasy foods such as fried 
eggs, bacon, french fies, or fats such as butter, mayo~aise or peanut butter. Here is a menu 
that specifies what you may eat which you cm take home as a reminder. 

It is important that you do at something Iisht, but after this meal, please remember not 
to eat or dnnk anything, apan fiom sips of water, for the rest of the four hours prior to the 
stan of the drinking session. Also, as 1 already mentioned, please don? take any dmgs (such 
as alcohol, aspirin or antihistamines) for 24 hours before the second session. 

At the conclusion of the second session, your blood alcohol level may be above zero, 
so for safety we caution you against operating any machinery. including driving or ridino a 
bike You should make alternative arran_nements, and if you have any difficulties in this 
respect. we can arrange a ride for you. Do you have any questions? 

.Uso. during the drinking session you will perform the sarne three tasks at intervals with 
rest breaks between sets. These rest intervals will Vary in length so you might want to bnng 
some books or things to work on during the rests. 
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Introductory Statement - Experimental Session: 

For this expenment, it is important that you have not taken any medication. And since 
the absorption and metabolism of aicohol can be influenced by existing levels of alcohol in the 
bloodstream. it is important that you have abstained fiom alcohol for 24 hours pnor to this 
experiment as well as food and dnnks, other than water, for the last 4 hours. Did you have any 
problems adhering to these restrictions? When did you last eat and what was your last meal? 

As 1 have mentioned before, the purpose of this experirnent is to nudy the effects of 
alcohol on the performance of a computerized task. You will do a bief reminder block on 
each task to re-farniliarize yourself with them. Then, you'll perfom a six minute block of t d s  
on each task. Once you have finished. you will receive a dose of alcohol in the form of two 
mixed dnnks. You'll then perform some more tnals on the computer over the next couple of 
hours Throughout the session 1 will be asking you to provide breath samples to measure your 
Blood rUcoho1 Concentration. The mouthpieces we use are a11 sterilized. 1 can tell you what 
your Blood .2lcohol Concentrations are, only at the end of the session. In addition, you will be 
paid % 15 for your panicipation at the end of this session. Do you have any questions? 
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Expenmental Session Task Instructions: 

Rerninder Trials 

The task requirements are the same as they were in the first session. I'm just going to take a 
minute to review each task with you. 

Task O 

I'd like you to watc h the screen in front of you. When you press the spacebar you will see a 
srnall dot in the center of the screen. At times, the dot will disappear and a larger circle will 
appear in one of these 4 quadrants (show). The location of this circle will tell you in which 
quadrant a target will appear. 

The target will be either a + sign or an X. Whenever you see a + sign I'd like you to press the 
n key as fast as you c m .  Whenever you see an X I'd like you to press the m key as fast as you 
can. 

The circle will correctly tell you where the target will appear most of the tirne, but not al! of 
the time. It wiil be of great benefit to you and you should always use this information to 
determine where the target will appear so you can respond faster. 

On some trials. no circle will appear and the screen will be blank except for the tiny dot You 
are to still press the correct key as fast as you can as soon as the target appears. 

You may use whichever hand you wish to press the key, but use two fingers from the same 
hand. 

Remember, it's very important that you don't move your eyes when you do the tasks. Keep 
them focused on the center of the screen. 

Any questions? 

We'll do a shon block so you c m  remember how it works. 

[parricipattt completes remitider block] 

Task N 

This next task does not have circles but has a single number appearing in the center of the 
screen to tell you where the target will appear. Once again, I'd like you to watch the screen in 



front of you. When you press the spacebar you will again see a small dot in the center of the 
screen. At times, the dot will disappear and be replaced by a number between 1 and 4 which 
will appear in the center of the screen. The numerical value of this number will tell you in 
which of these 4 quadrants (show) a target will appear. The number will correctly tell you 
where it will appear most of the time, but not al1 of the time. Like the circles, using the 
number to determine where the target will appear will be of great benefit and you should 
always use it to detemine where the target will appear so you can respond to the target faster. 

On some trials, no nurnber will appear on the screen and the screen will be blank except for the 
tiny dot. You are to still press the correct key as fast as you can as soon as the target appears. 

We'll do a shon reminder block so you cm remember how it works. 

[participan r compieies remii tder block] 

Task A 

The only difference between this next task and the previous one is that instead of a single 
number appearinç on the screen to tel! you the target location. a shon math equation appears 
in the center of the screen. The equation consists of 2 numbers between O and 6 and involves 
either addition or subtraction. The solution to the equation tells you in which quadrant the 
target will appear. As in the previous two tasks, the solution to the equation will correctly tell 
you where the target will appear most of the time. Thus, this information will be of great 
benefit and you should always use it to determine where the target will appear so you can 
respond faster. 

We'll do a shon block so you can remember how it works. 

Drun Free Blocks 

Now that you remember how to do the them, we'll do one block of trials on each task. Like 
last session, each block takes about six minutes to complete. Please open the door when it 
says please wait d e r  the first task and 1'11 come in and reset for the next task. The first task 
will be 
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Temporal Schedule of Events During the Treatment Session: 

-30 Min. - BAES # 1 @mg-Free) 
-25 Min. - Pre-Treatment Baseline Blocks (Tasks O,N,A) 

O Min. - Drink # l  
5 Min. - Dnnk #2 
6 Min. - Rest 

23 Min. - BAC 1 
25 Min. - Test 1 (Tasks 0,N.A) 
50 Min. - BAESg2 
55 Min. - BAC 2 
56 Min. - Rest 
70 M n .  - BAC 3 
88 Min. - BAC 4 
90 Min. - Test 2 (Tasks O,N,A) 
1 1  5 Min. - B.4ES#3 
120Min. - BAC 5 
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Debriefing: 

We are interested in how university students respond to information that is presented 
visually by computers. We are collecting data from a large number of students that will be 
used to provide a representative normal sample of respondents so that we cm examine 
differences within this group. In particular, we are looking at the accuracy of responses and 
speed with which people react to the information. Dmgs, like alcohol, may affect responses to 
information in different ways. Alcohol is a depressant dmg and may impair the ability to 
respond accurately and quickly. To examine its effects, we adminiaered a mild arnount of 
aicohol to test a participant's performance. To understand how alcohol affects performance, 
we compare a participant's performance under alcohol to his performance drug-free. Any 
differences between these conditions in responses will help us to understand exactly how 
alcohol affects the ability to perfom visuaVspatial tasks. 

We are also interested in studying the types of effects people expect from alcohol The 
scales that you cornpleted will help us gather this information. 

Do you have any questions? 
We ask that you do not discuss the details of this experiment with anyone. Potential 

participants who have pnor knowledge about the experiment cannot be used as their data 
would contaminate the outcome of the results. 

We have prepared an information sheet on aicohol that may be of interest to you. It 
gives you some factual information on alcohol and also lists the typical effects alcohol has upon 
people at different Blood hlcohol Concentrations (BACS). You can take a copy home if you 
like. 

As mentioned before. we require that you remain in the lab area until your blood 
O h .  alcohol level falls to a safe level. Your blood alcohol concentration at this time is 

We remind you not to operate any machinery for the next two hours. Also you must not drive 
home (this includes nding a bike) Are you planning on remaining on campus? (If not) How 
are you plannins to return home? 



Appendir C-14 
Information for Participants: 

Despite the wide variety of alcohol beverages, dl are composed of ethyl alcohol and 
water. Because aicohol is already liquid, it does not have to dissolve in the stomach as does a 
dnig in a tablet form. Thus it is rapidly and completely absorbed by simple difision across 
membranes. The rate of absorption is determined by both the amount of food in the gastro- 
intestinal tract and the nature of the beverage consumed. 

In general, the more concentrated the alcohol is, the more rapid its absorption, [Le., 
diluted alcoholic beverages (such as beer) are absorbed more slo-dy than are concentrated 
dnnks (such as cocktails)]. Food in the stomach retards the absorption, firstly, because it will 
dilute the concentration of the alcohol and secondly. it covers some of the stomach membranes 
through which alcohol is absorbed. Pllso, a full stomach will prolong emptying time. Thus, 
blood alcohol levels will nse faster for an individual who has fasted than for a person who has 
just eaten a large rneal. However, the alcohol will still be completely absorbed except that for 
the person who has eaten, it will be somewhat delayed. 

Elirnination of alcohol fiom the or_eanisrn (e.g. via lungs, liver, and kidneys) is a oradual 
process In humans, elimination proceeds in a linear fashion at the rate of approximateiy 10 ml. 
of absolute alcohol per hour (about an ounce of liquor). Thus, the dope of the blood alcohol 
curve during the absorption phase, cornrnonly referred to as the ascending lirnb, is steeper than 
the dope of the elimination phase (descending limb). 

Considerable evidence is available which suggests that the effects of alcohol are quite 
different under ascending as opposed to descending BACS. 

BLOOD ALCOHOL CONCENTEL4TION (BAC) 

The following effects of alcohol occur because of its action upon the brain. Alcohoi's 
effects are fairly predictable from the amount in the bloodstream. Therefore, if you 
know a person's BAC you can roughly predict what effects alcohol will be having upon 
him or her Here are some examples: 

At 20 mg% (.O2 BAC) light and moderate drinkers begin to feel some effects. This is 
the approximate BAC reached afler one drink. 
At 40 mg% (.O4 BAC) most people begin to feel relaxed. 
At 60 mg% (.O6 BAC) judgement is sornewhat impaired; people are less able to make 
rational decisions about their capabilities (e-g. to drive). 
At 80 ms% (-08 BAC) there is a definite impairment of muscle coordination and 
driving skills; legally impaired in Ontario 
At 100 mg% (. 10 BAC) there is clear detenoration of reaction time and control; le& 
impaired in most of the United States. 
At 120 mg% (. 12 BAC) vomiting occurs udess this level is reached slowly. 
At 150 mg?4 (. 15 BAC) balance and movement are impaired. This BAC level means 
that the equivalent of one-half pint of whisky is circulating in the bloodstream. 



At 300 mgYo (. 30 BAC) many people lose consciousness 
At 400 mgoh (.40 BAC) most people lose consciousness, some die . At 450 mg% (-45 BAC) breathing stops, death occurs. 

Frorn: Miller. W.R.: & Munoz, R.F. ( 1976). How to Control Your Drinhig, Prentice-Hall. 
Inc 



U ~ e n d i x  D: Main Exocriment Procedunl Checks 

Appendix D-1 

Oneway Between Groups Anaiysis of Variance of Each Dnnking Habit Measure: 

Dose 
Source - DF - MS - F e 
Grou p 1 0.084 O. 176 0.677 
Error 34 0.479 

Dutation 
Source - DF 
Group 1 
Enor 34 

Frequency 
Source - DF - MS - F E 
Group 1 2.682 O. 843 0.365 
Error 34 3.182 
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Analysis of Variance of Dnig-Free Baseline RT on Three Cue Conditions, for Two Groups on 
Three Tasks: 

Table 1 : Vaiid Trials 

Source 

Between Subjects 
Group 1 9457.532 1 .O04 0.323 
Error 34 94 19.266 

Within Subjects 
Task 2 4385 997 1 O. 854 co.00 1 
Task x Group - 3 1 106.945 2.678 0.076 
Error 68 413.290 

Table 2 Invaiid Trials 

Source 

Between Subjects 
Group 1 21231.327 1.876 O. 180 
Error 34 11319.668 

Within Subjects 
Task 2 8 199.37 1 5.472 O. O06 
Task x Group 2 55.034 0.037 O. 964 
Error 68 1498.544 

Table 3 : No-Cue Trials 

Source - DF - MS - F P 

Between Subjects 
Group 1 6794.266 0.650 0.426 
Error 34 10447.232 



Within Subjects 
Task 2 40.1 08 0.088 0.915 
Task x Group 2 265 .O26 0.585 O. 560 
Error 68 453.222 

Analysis of Variance of Dmg-Free Baseline Log-Transfomed RT on Three Cue Conditions. 
for Two Groups on Three Tasks: 

Table 3: Valid Trials 

Source - DF - MS 

Between Subjects 
Group 1 0.063 
Error 34 O. 044 

Within Subjects 
Task - 7 0.023 1 1.25 1 <O. O0 1 
Task x Group 3 O. 005 2.290 O. 1 09 
Error 68 O. 002 

Table 5 Invalid Trials 

Source 

Between Subjects 
Group 1 0.094 
Error 34 O. 044 

Within Subjects 
Task 2 0.034 
Task x Group 2 0.000 
Error 68 0.005 



Table 6: No-Cue Trials 

Source - DF 

Between Subjects 
Group 1 0.032 
Error 34 O. 040 

Within Subjects 
Task 2 O .  O00 
Task x Group 2 0.001 
Error 68 O. 002 
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Mean Accuracy Scores (and Percent Accuracy) on Three Tasks at Dmg-Free Baselme and 2 Tests 
under Alcohol for 2 Groups 

Table 1 : Valid Trials (out of a total of 44 tnals) 

Alcohol 
Baselinc 
Test 1 
Test 2 

Placebo 
Baselinc 
Test 1 
Test 2 

Task X 
Mean (9'0) 

Table 2: invalid Tnals (out of a total of 12 mals) 

Task O Task N Task .4 
Mean (%) M m  (?'O) Mean (%) 

Alcohol 
BaseIinr: 1 1.823 98 608 1 1.556 96.300 1 1  444 95 367 
Test 1 1 1  444 95.367 11.167 93.058 1 1.278 93 983 
Test 2 1 1  775 98.150 1 1.444 95.367 l 1.500 95 833 

Placebo 
Baseline 1 1.944 99.573 1 1.778 98.150 1 1.889 99 075 
Test 1 1 1.667 97.225 1 1.889 99.075 11.833 98 608 
Test 2 1 1.889 99.075 1 1.833 98 -608 1 1.943 99.532 

Table 3: N d u e  T d s  (out of a total of 56 trials) 

Task O Task N Task A 
Mean (%) Mean (%) Mean (96) 

Alcohol 
Baseline 34.500 97.32 1 54.500 97.32 1 54.356 97.42 I 
Test 1 53.61 1 95.734 53.722 95.932 54.444 97.22 1 
Test 2 53.167 94.94 1 53.333 95.238 54.167 96.727 

Placebo 
Baseline 54.500 97.321 55.000 98.214 54.722 97.7 18 
Test 1 5 5 222 98.61 1 55.222 98.61 1 55.222 98.61 1 
Test 2 54.889 98.0 16 54.833 97.916 54.944 98.114 



Amendix E: Mean (SD) Blood Alcohol Concentrations for GFOUD A 

- 

Means and Standard Deviations for Blood Alcohol Concentrations (mg/lOOml) as a Function 
of Time Mer Drinking Commenced 

Time (minutes &er drinking) 

-- 

The average BAC for a given test was interpolated by using the BACS taken pnor to 

and following the test. calculating the rate of change in BAC per minute dunng that time 

penod. detemining the time at which the midpoint of the test occurred ( 1  2.5 minutes afier the 

BAC was taken). multiplvin~ the per minute rate by this length of time, and adding this total 

to the BAC taken pior to the test. 



Amendix F: Means, Standard Deviations. and Suoolementary Analvses Cor Valid Trials 
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Table 1 : Mean Change in RT (-) on Valid Trials for Two Groups on Three Tasks, 
.4veraged Over Two Tests 

Task O 
4lcohol 
Mean -3.14 
(SB (23.45) 

Placebo 
Mean - 1  .O0 
(SD) (1 7.65) 

Task N Task A 

Table 2: Mean Change in RT ( S D )  on Valid Trials for Two Groups on the Three Tasks 
for Two Tests: 

Task O Task N Task .A 
Test 1 Test 2 Test 1 Test 2 Test 1 Test 2 

Aicohol 
Mean -O 04 -6 24 -6 70 -15.51 -7.59 -13 84 
(SD) (26 84) (3 1 . 5 7 )  (39.0 1) (37.74) (3 1.23) (3 1.96) 

Placebo 
Mean 0.61 -4.60 4.18 5.30 15.50 20.54 
( )  (2106) (2 1.28) (37.27) (3 5.06) (26.54) (43 12) 



Appendix F-2 

Simple effects of group for each task from group x task interaction for valid trials: 
Howell (3rd ed. p.450-452) notes that this is essentially a one-way analysis of variance with no 
repeated measures. Thus, subject differences are confounded with expenmental error. In this 
case, he suggests the appropriate error SS is SS wlin cell, which is derived from the formula: 
SS wlin group fiom the overall analysis + SS task x w/in group (the interaction error tenn 
fiorn the overall analysis). 

Therefore, SS w/in ceH=93 499.66+67634.976 

MS w/in ceIl = SS w/in ceII 
df for the w/in group error + df for the task x within group error 

Furthermore, Howell says that the MS w/in ce11 represents 2 heterogeneous sources of error. 
so one should calculate the relevant df against which to evaluate F. Thus, F,, should be 
evaluated against F.,,(a- 1 . f ) 
f =(u+-)? where u=SS w/in groups. v=SS task x wiin groups, dfu==34. df,=68 

Thus, F.,,(I, 80.039) was used. 
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-4 2(Group) X Z(Test) x 3(Task) AVOVA of log transformations of RT scores was 
performed for valid trials comparing performance at dmg-free baseline and on the mean of 
the two treatment tests for the three tasks (Table I ). The results revealed that there was a 
significant main effect of task, E(2,68)= 1 3.985, g<0.00 1, and a significant test x group 
interaction, E( 1,34)=5.262,~=0.028. The test x task x group interaction approached 
significance, F-(î,68)=2.993, ~=0.057. The means and standard deviations of the log 
transformations of the RT scores for each group, on each task, for the baseline and treatment 
tests. and the RTs converied From this transformation are presented in Table 2. Figures 1 a 
and 1 b present the log means fiom the analysis. Higher scores represent longer reaction times 
The figures show that for both groups, the baseline task order (RTs to Task O being shoner 
than to Task N which were shorter than those to Task A) remained dunng treatment. In 
addition, the two groups performed differently from baseline to treatment on the three tasks. 
For Group A, RT increased from baseline to treatment to an equal extent for Tasks N and A 

and very slightly increased for Task O For Group P, RT decreased for Tasks N and A from 
baseline to treatment, with a greater decrease on Task A than Task N. and very slightly 
increased on Task O These results are consistent with the results of the analyses using change 
in RT presented in the body of the thesis. 

Table 1 : 1(Group) x î(Test) x 3(Task) ANOVA of Log Transformations of RT Scores 
on Valid Trials at Drug-Free Baseline and the Mean of the Two Treatment 
Tests on Three Tasks 

Source - DF 

Between Subjects 
Group 1 
Error 34 

Within Subjects 
Test 1 
Test x Group 1 
Error 34 

Task - 9 

Task x Group - 7 
E rror 68 

Test X Task O 3 

Test x Task x Group 2 
Error 68 



Table 2: Mean (B) Log-Transformations of RT Scores and RT Converted from Log 
Values on Valid Trials for 2 Groups on 3 Tasks at Drug-Free Baseline and on 
the Mean of Two Treatment Tests 

Task O 
Baseiine Treatment 

.4lcohol 

Mean 6.087 6.098 
(SD) (0.168) (O. 139) 
RT 440 445 

Placebo 

Task N 
Baseline Treatment 

6.105 6.129 
(O. 149) (O. 152) 
448 459 

6.145 6.133 
(O. 099) (O. 108) 
466 46 1 

Task A 
Baseline Treatment 

6.116 6.138 
(O. 149) (O. 15 1 ) 
453 463 

6.189 6.151 
(O. 070) (0.086) 
487 469 



Figure la:  Log Tnnsfomaüons of RT for Gmup 
A on Three Tasks at Baseline and Two 
Treatment Tests Combined 

6.19 -. 

Figure 1 b: Log Transformations of RT for Group 
P on Thme Tasks at Baseline and Two 
Treatment Tests Combined 
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Table 1 Analysis of Variance of Mean Change in RT for Group P on Valid Trials for 
Three Tasks on Two Tests 

Source - DF - MS 

Within Subjects 
Test 1 2.758 
Error 17 1000.750 

Task 
Error 

Test x Task 
E rro r 

Contrasts 

Task O vs Task X 
Hypothesis I 3 269.1 70 
Error 34 923.924 

Tasks O-$ Combined vs Task .A 
Hypothesis 1 79810.779 86.382 <O.OO 1 
Error 34 923.924 



Amendix G: Means, Standard Deviations and Su~~lementarv Analvses 
for Invalid Trials 

Appendix Gl 

Mean Change in RT(SD) for Invalid Triais for Two Groups on Three ~ a s k s  for Two Tests: 

Task O Task N Task .A 
Test 1 Test2 Test 1 Test 2 Test 1 Test2 

Placebo 
Mean 9 21 16 46 22.35 7 42 1 19 17 54 

(SD) (45.85) (38.27) (62.24) (67 73) (82.22) (6771) 



Figure 1: Mean Change in RT on Invalid Trirb foi 2 
G w p s  on 3 Trsks, Avemged Over 2 Tests 
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Table 1 : t(Group) x Z(Test) x 3(Task) ANOVA of Log Transformations of RT Scores 
on lnvaiid Trials at Dmg-Free Baseline and the Mean of the Two Treatment 
Tests on Three Tasks 

Source - DF 

Between Subjects 
Group 1 
Error 34 

Within Subjects 
Test 1 
Test .r Group 1 
Enor 34 

Task - 7 

Task u Group 2 
Error 68 

Test X Task - 7 
Test x Task x Group 2 
Error 68 

- -- - 

Table 2. Mean (SD)  Log-Transformations of RT scores and RT Converted fiom Log 
Values on Invaiid Trials for the Entire Sample (N=36) on 3 Tasks at Dmg-Free 
Baseline and on the Mean of Two Treatment Tests 

Task O Task N Task A 
Baseline Treatment Baseline Treatment Baseline Treatment 

Mean 6.165 6.147 6.213 6.176 6.223 6.197 
(SD) (0.137) (O. 1 15) (O. 138) (0.151) (O. 135) (O. 153) 
RT 476 467 499 48 1 504 49 I 



Appendir A: Means. Standard Deviations and Su~olementan Analvses 
for No-Cue Trials 
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Mean Change in RT and Standard Deviations for No-Cue Trials for Two groups on Three 
Tasks for Two Tests: 

Tasli O Task N Task A 
Test 1 Test2 Test I Test2 Test 1 Test2 

-4icohol 
Mean 10.08 4.2 1 9.14 12.92 -0.84 -2.03 
(m (27. 25) (33.70) (30.75) (27.53) (36.11) (39.72) 

Placebo 
Mean 10 72 6.22 10.93 8.85 5.38 10.29 

(20 56) (19 97) (32.38) (34.92) (28.88) (43 16) 
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Table 1 : Z(Group) x ?(Test) x 3(Task) ANOVA of Log Transformations of RT Scores 
on No-Cue Trials at Dmg-Free Baseline and the Mean of the Two Treatment 
Tests on Three Tasks 

Source 

Between Subjects 
Group 1 
Error 34 

Within Subjects 
Test 1 
Test x Group 1 
Error 34 

Task 2 
Task x Group - 7 

Error 68 

Test X Task - 7 
Test x Task u Group 2 
Error 68 

Table 2: Mean (SD) Loo-Transformations of RT Scores and RT Convened from Log 
Values on No-Cue Trials for the Entire Sample &J=36) on 3 Tasks at Drug- 
Free Baseline and on the Mean of Two Treatment Tests 

Task O Task N Task .4 
BaseIine Treatment Baseline Treatment Baseline Treatment 

Mean 6.210 6.196 6.206 6.186 6.204 6.199 
(SD) (0.114) (O. 100) (O. 12 1) (0.1 11) (O. 125) (O. 1 15) 
RT 498 49 1 496 486 495 492 
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Ao~endix  1: Analyses Corn~arinp RTs on Valid and Invalid Trials Tor Three Tasks 

Table 1 : Analysis of Variance of Log-Transfonned RTs on Task O for Two Groups on 
Three Tests for Two Cue Conditions 

Source 

Between Subjects 
Group 
Error 

Within Subjects 
Cue 
Cue x Group 
Error 

Test 
Test x Group 
Error 

Cue x Test 
Cue x Test x Group 
Error 

Table 2: Mean (SD) Log-Transformations of RT Scores and RT Converted from Log 
Values on Task O for Two Groups on Three Tests for Valid and Invalid Trials 

Baseline Test 1 Test 2 
Alcohol 
Valid 
( S B  
RT 

6.087 
(O .  168) 
440 

6.09 1 
(O. 143) 
442 

6.105 
(O. 142) 
448 

6.121 
(O. 151) 
455 

6.127 
(O. 099) 
45 8 

Placebo 
Valid 
(SD) 
RT 



Invalid 6.193 6.176 6.161 
CD) (O. 13 1) (O. 1 19) (O. 1 1 O) 
RT 489 48 1 474 

Table 3 : Analysis of Variance of Log-Transformed RTs on Task N for Two Groups on 
Three Tests for Two Cue Conditions 

Source 

Between Subjects 
Group 
Error 

Within Subjects 
Cue 
Cue x Group 
Error 

Test 
Test x Group 
Error 

Cue x Test 
Cue x Test x Group 
Error 

Table 4.  Mean ( S D )  Log-Transformations of RT Scores and RT Convened from Loo 
Values on Task N for Two Groups on Three Tests for Valid and Invalid Trials 

Baseline Test 1 Test 2 
Alcohol 
Valid 6.105 6.119 6.138 
(SB (O. 149) (O. 158) (O. 1 54) 
RT 448 454 463 

Invalid 6.182 6.141 6.142 
(SD) (O. 147) (O. 142) (O. 122) 
RT 484 465 465 



Placebo 
Valid 6.145 6.134 6.132 
(SD) (O. 099) (O. 1 1 1) (O. 1 14) 
RT 366 46 1 460 

Invalid 6.245 6.195 6.223 
(B) (O. 126) (O. 1 66) (0.1 80) 
RT 515 490 504 

Table 5 :  Analysis of Variance of Log-Transfotmed RTs on Task .4 for Two Groups on 
Three Tests for Two Cue Conditions 

Source 

Between Subjects 
Group 
Error 

Within Subjects 
Cue 
Cue x Group 
Error 

Test 
Test x Group 
Error 

Cue s Test 
Cue x Test x Group 
Error 

Table 6: Mean (m Log-Transformations of RT Scores and RT Converted fiom Log 
Values on Task A for Two Groups on Three Tests for Valid and Invalid Trials 

- - - - - 

Baseline Test 1 Test 2 
Alcohol 
Vaiid 6.116 6.133 6.143 
0 (O. 149) (O. 146) (O. 163) 
RT 453 46 1 465 



Invalid 
(SD) 
RT 

6.193 
(O. 152) 
489 

6.158 
(O. 127) 
472 

Placebo 
Valid 6.189 6.156 6.144 
(SD) (0.070) (O. 084) (O. 101) 
RT 487 472 466 

Invalid 6.252 6.237 6.210 
(SD) (O. 1 13) (O. 195) (O. 159) 
RT 519 5 1  1 498 



&mendix J: BAES Means. Standard Deviations and Analvses 

Appendix J-1 

Table 1 : Mean (SD) Rating (out of  a total of 70) on the Stimulant and Sedative 
Subscales of the BAES for 2 Groups on 3 Tests 

Alcohol gr ou^ 

Sedative 
W) 
Stimulant 
CsD) 

Placebo gr ou^ 

Sedative 
(SD) 
Stimulant 
(rn) 

Baseline 
12.61 
(1 2.43) 
27.83 
(13.12) 

Baseline 
7 78 
(6 96) 
30.6 1 
(1 1.61) 

Rising Limb 
20.28 
(14.39) 
37.00 
(13.55) 

Rising Limb 
17.1 1 
( 1 1.40) 
24-17 
(14.08) 

Falling Limb 
27.00 
( 1  5.65) 
23.94 
(1 1.56) 

Fallino Limb 
18.61 
(13.15) 
21.61 
(10.94) 

Table 2: .halysis of Variance of Baseline Ratings on the Sedation and Stimulation 
Subscales of the BAES in Two Groups 

Source - DF - MS - F Q 
Between Subjects 
Group 1 19.014 O. 148 0.703 
Error 34 128.393 

Within Subjects 
Subscale 1 65 17.014 51.520 cO.00 1 
Subscale x Group 1 260.68 1 2.061 O. 160 
Error 34 126.494 



Appendix 5-2 

Table 1 : Mean (SD) Change in Rating from Dmg-Free Baseline on the Stimulant and 
Sedative Subscaies of the BAES for 2 Groups on 3 Tests 

Rising Limb Falling Limb 
Alcohol Group 

Sedative 
ISD) 
Stimulant 
ISD) 

Placebo Group 

Sedative 
(so) 
Stimulant 
(Sm 

Table 2: Pearson Product-Moment Correlations (and g-vdues)Between Change in 
Sedation and Stimulation from Drug-Free Baseline, and Mean Change in RT for 
Valid Trials on Task A for Alcohol and Placebo Participants 

Stimulation 
Rise Fall 

Sedation 
Rise Fa11 

Ak0h01 O. 14 -0.23 -0.24 -0.12 
(pvalue) (O. 583) (O. 3 66) (0.332) (0.623) 

Placebo -0.06 -0.27 0.28 O. 18 
(p-value) (0.822) (0.283) (0.265) (0.482) 



Table 3 : Surnrnary of Hierarchical Regression .halysis for Task A with Change in RT on 
Valid Trials dunng Rising BACS as the Dependent Variable and Group, 
Stimulation Rating, and Group by Rating Interaction as Predictors (N=36) 

Variable - B - SE B Standard1 F CZ 

Step 1 
Group 23.087 9.660 0.379 5.713 0.023 

Step 2 
Group 26.088 11.962 0.429 4.756 0.036 
Rat ing O. 192 0.442 0.086 O. 190 0.666 

Step 3 
Group 24.578 12.530 0.304 3.848 0.059 
Rating 0.807 1.389 9.3 59 0.338 O. 565 
GroupvRating -0.504 -1 .O77 -0.299 0.219 0.643 

Note. R: = O 144 for Step 1. AR' = 0.005 for Step 2; a&= 0.006 for Step 3. 

Constant -34.949 19.195 0.000 -1.821 O. 078 
Group 24 578 12.530 0.404 1.962 O 059 
Ratine 0.807 1.389 O. 3 59 0.58 1 O. 565 
GroupxRating -0.503 1 .O77 -0.299 -0.468 0.633 

Analysis of Variance 

Source - DF - MS - F &2 
Regession 3 1717.608 1.949 9.142 
Residual 32 881.135 



Table 4: Summary of Hierarchical Regression Analysis for Task A with Change in RT on 
Valid Trials during Failing BACS as the Dependent Variable and Group, 
Sedation Rating, and Group by Rating Interaction as Predictors (N=36) 

Variable B SE B StandardB F Q 

Step 1 
Group 34.385 12.65 1 O. 422 7.388 0.010 

Step 2 
Group 34.744 12.948 0.427 7.200 0.01 1 
Rat ing O. 101 0.486 0.033 0.043 0.837 

Step 3 
Group 23 856 17.797 0.293 1.797 O 190 
Rating -1.154 - 1.485 -0.378 0.604 0.443 
GroupxRating 0.883 O. 986 0.439 0.801 0.378 

Note: R' = O  179 for Step 1; A- =0.00 1 for Step 2; nl$=0.020 for Step 3 

Constant -33.789 
Group 23.856 
Rating -1.154 
GroupxRating 0.883 

Analy sis of Yanance 

Source - DF 
Regression 3 
Residual 32 

Standard B 1 



Apoendis K: Main Exocriment - EmerimcntaI Data 

The raw data are presented by participant. 
X = No B.4C measure (placebo participant) 

Line 1: 

1) Treatment Assignrnent ( 1 =Alcohol, 2=Placebo) 
2) Age 
3) # of months drinking regularly 
4) Frequency of alcohol consumption (ti occasions per week) 
5) Dose of alcohol (ml absolute alclkg) 
6) Duration of typical drinking occasion (in hours) 
7) Drink Rating on Dnnk Strength Questionnaire 
8) BAC $1 
9)  BAC #2 
10) BAC #3 
I I )  BAC $3 
12) BAC $5 

Line 2: 
I )  Pre-treatment baseline RT. Task O. valid trials 
2) Pre-treatrnent baseline RT, Task O, invalid trials 
3) Pre-treatment baseline RT. Task O, no cue trials 
4) Pre-treatment baseline RT, Task N, vdid triais 
5)  Pre-treatment baseline RT, Task N, invalid trials 
6) Pre-treatment baseline RT, Task N, no cue trials 
7) Pre-treatment baseline RT, Task A. valid trials 
8) Pre-treatment baseline RT. Task A, invalid trials 
9) Pre-treatment baseline RT. Task -4, no cue trials 

Line 3: 
1) Test 1 RT, Task O, valid trials 
2) Test 1 RT, Task O, invalid trials 
3) Test 1 RT, Task O, no cue triais 
4) Test 1 RT. Task Pi, valid tnals 
5) Test 1 RT, Task N. invalid tnals 
6) Test 1 RT, Task N, no cue tnals 
7) Test 1 RT, Task A, valid trials 
8) Test 1 RT, Task .Q invalid trials 
9) Test 1 RT, Task A, no cue tnals 



Line 4: 
1) Test 2 RT, Task O, valid tnals 
2) Test 2 RT, Task O, invalid tnals 
3) Test 2 RT, Task 0, no-cue tnals 
4) Test 2 RT, Task N, valid trials 
5) Test 2 RT. Task N, invalid tnals 
6) Test 2 RT, Task N. no-cue tnals 
7) Test 2 RT, Task 4 valid trials 
8) Test 2 RT, Task 4 invalid trials 
9) Test 2 RT, Task A, no-cue tnals 

Line 5: 
1 ) Change from baseline RT for Test 1. Task O, valid tnals 
2) Change from baseline RT for Test 1, Task N, valid tnals 
3) Change from baseline RT for Test 1, Task A, vaiid trials 
4) Change From baseline RT for Test 2, Task O, valid tnals 
5) Change From baseline RT for Test 2, Task N, valid trials 
6) Change From baseline RT for Test 2, Task A, valid trials 
7) Change From baseline RT for Test 1, Task O, invdid trials 
8) Change from baseline RT for Test 1. Task N, invalid trials 
9) Change From baseline RT for Test 1. Task A, invalid trials 

Line 6: 
1)  Change from baseline RT for Test 2, Task O. invalid t d s  
2) Change from baseline RT for Test 2, Task N, invalid tnals 
3) Change from baseline RT for Test 2, Task A, invalid trials 
4) Chanse from baseline RT for Test 1. Task 0, no-cue trials 
5)  Change from baseline RT for Test 1, Task hi, no-cue tnals 
6) Change from baseline RT for Test 1, Task .4, no-cue trials 
7) Change from baseline RT for Test 2, Task 0, no-cue trials 
8) Change from baseline RT for Test 2, Task N, no-cue tnals 
9) Change From baseline RT for Test 2, Task A, no-cue trials 



Line 7: 
1) Pre-treatment baseline # correct responses, Task O, vaiid triais 
2) Pre-treatment baseline t: correct responses, Task O, invalid trials 
3)  Pre-treatment baseline # correct responses, Task 0, no-cue trials 
4) Pre-treatment baseline # correct responses, Task N, valid trials 
5) Pre-treatment baseline # correct responses, Task N, invalid trials 
6) Pre-treatment baseline # correct responses. Task N, no-cue trials 
7) Pre-treatment baseline # correct responses, Task A, valid trials 
8) Pre-treatment baseline # correct responses, Task A invalid trials 
9) Pre-treatment baseline # correct responses, Task 4 no-cue trials 
10) Test 1 # correct responses, Task O, valid trials 
1 1 )  Test 1 i( correct responses, Task O, invalid trials 
12) Test 1 $ correct responses, Task 0, no-cue trials 
13) Test I # conect responses, Task N, valid tnals 
14) Test 1 # correct responses, Task N, invalid trials 
15) Test 1 i: correct responses, Task N, no-cue trials 
16) Test 1 n correct responses, Task 4 valid trials 
17) Test 1 # correct responses, Task A, invalid trials 
18) Test 1 + correct responses, Task A no-cue triais 
19) Test 2 correct responses. Task O, valid trials 
20) Test 2 # correct responses. Task O. invalid trials 
2 1) Test 2 3 correct responses. Task 0, no-cue triais 
22) Test 2 ni correct responses, Task N, valid tnals 
23) Test 2 n! correct responses, Task N, invalid tnals 
24) Test 2 # correct responses. Task N, no-cue trials 
25) Test 2 # correct responses. Task 4 valid trials 
26) Test 2 # correct responses. Task A, invalid tnals 
27) Test 2 # correct responses, Task .\ no-cue trials 

Line 8: 
1)  Pre-treatment baseline Sedation Rating 
2) Pre-treatment baseline Stimulation Rating 
2) Test 1 Sedation Rating 
4) Test 1 Stimulation Rating 
5) Test 2 Sedation Rating 
6) Test 2 Stimulation Rating 



Croup: Alcohol 









Croup: Placebo 

2 1940 2.00.683 2 1.5 X X X X  X 
467.800 165.750 482.630 5 13810 178.420 543,110 506.730 504 830 530420 
483.590 485 O00 395.760 479.890 509.080 532.330 537.000 501 . X O  556.960 
488.270 395 750 502.360 50 1.680 554.080 527.150 473.890 509.420 506.250 
-15.790 33.950 -30.270 -20 470 12.160 32.840 -19.250 -30.660 3.080 
-30.000 -75.660 -4.590 -13.130 10.780 -26.540 -19.730 15.960 24.170 
44 12 56 44 12 56 14 12 55 44 12 55 44 12 55 44 12 56 44 12 55 44 12 55 44 12 56 
17342820 1828 



2 2 0 7 4 3 . 0  1.735 7 3  X X X X X  
428.250 446.420 487.940 444.480 471.830 453.000 478.1 10 465.580 462.130 
440.840 501.670 497.630 447.050 140.170 439.140 448.930 434.580 465.210 
458.400 426.580 495.850 4 14.880 426.420 433.160 463 -240 479.420 484.820 
-12.590 -2.570 29.180 -30.150 29.600 14.870 -55.250 3 1.660 3 1.000 



2 1946 0.7500.4543 2 X X X X X  
43 1.560 463.670 467.140 442.550 489.400 469.930 432.570 450.830 481.460 
413.950 433.090 477.630 389.500 41 1.400 442.540 402.1 10 444.640 450.980 
425.460 439.750 465.530 404.980 420.640 460.260 398.950 436.580 436.500 
17.610 53.050 30.460 6.100 37.570 33.620 30.580 78.000 6.190 
13.920 68.760 14.250 -10.490 27.390 30.480 1.610 9.670 44.960 
39 12 51 42 10 56 35 12 52 41 11 54 40 10 54 36 11 54 41 12 55 42 11 54 37 12 52 





2 20 54 4.0 0.705 3 1.5 X X X X  X 
506.670 609.420 565.140 523.980 549.250 542.930 493.000 523.250 530.450 
482.050 527.330 510,610 502.610 506.330 540.950 509.520 569.000 509.660 
486.030 525.670 5 17.520 484.890 473.500 522.090 497.910 507.670 501.380 
24.620 21.370 -16.520 20.650 39.090 -4.910 82.090 42.920 -45.750 
83.750 75.750 15.580 54.530 1.980 20.790 37.620 20.840 29.070 
43 125633 125634125644125644 125544 115644125644 125644 1256 
1621 3 1 5 3 8  




