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ABSTRACT 
 
 
 
 

Numerous laboratory analogue studies have demonstrated alcohol-induced 

increases in perseverative commission errors in cognitive tasks requiring shifts between 

prepotent behavioral response sets and modified task demands that require inhibition of 

previously established reactions.  Although uncertainty still remains with regard to the 

cognitive mechanisms underlying these effects, data from previous research are 

suggestive of the possibility that alcohol-induced commission errors that occur in 

cognitively complex contexts may result from failures in either of two processes involved 

in cognitive control:  (a) response inhibition or (b) evaluation of contextual information 

necessary to guide appropriate responding.  The purpose of the present study was to 

examine the effect of alcohol on the frequency of two distinct commission error 

subtypes (viz., fast errors labeled as premature response errors or slow errors labeled 

as context processing errors) each reflecting a failure in one of the two cognitive control 

processes.  Thirty-two participants (16 male), age 21 or older, were recruited for 

participation from introductory psychology classes and via campus fliers at Florida State 

University.  After random assignment to an alcohol or no-alcohol beverage condition, 

participants engaged in a working memory task (the n-back task) which was designed to 

place significant demands on both the response inhibition and context processing 

aspects of cognitive control.  Reaction time data were used to identify fast and slow 

commission errors.  Concurrent validation of the distinction between these two types of 

errors was pursued using event-related brain potentials (i.e., P300 and ERN) to 

examine different patterns of brain activity theoretically associated with each error type.  

P300 data provided strong support for two unique error types, whereas ERN was not 

particularly helpful in distinguishing the two types of errors.  As expected, alcohol 

significantly increased the frequency of both types of errors.  In addition, a significant 
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Beverage Group X Error Type interaction indicated that alcohol’s influence was more 

pronounced for fast errors than for slow ones.  P300 data were also consistent with a 

greater reduction in processing of contextual stimuli on fast errors among intoxicated 

participants compared to those who were sober.  Overall, results from this experiment 

indicated that alcohol can produce dysregulated behavior through impairments in 

multiple cognitive pathways which may depend upon the contextual processing 

demands present in the drinker’s environment.   
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INTRODUCTION 
 
 
 
 

Both anecdotal accounts and systematic research investigations have linked 

states of alcohol intoxication with exhibition of behavioral dysregulation (e.g., Critchlow, 

1986; Steele & Southwick, 1985).  Examples of elevations in such dysregulated 

behaviors in connection with alcohol use include aggression (Bushman & Cooper; 1990; 

Chermack & Giancola, 1997) and risky sexual behavior (Cooper, 1992; Leigh & Stall, 

1993).  That both of these social behaviors often involve competing demands to process 

approach and avoidance inclinations is intriguing.  It appears that once some 

momentum toward a particular inclination – for instance, approach with an expectation 

of immediate gratification -- is developed in an individual under the influence of alcohol, 

it may persist even in the face of cues signaling the need to curtail it.  This tendency to 

continue an established behavior pattern when other signals call for its alteration can be 

referred to as “perseveration.”  Such dysregulated behavior during intoxication has often 

been described as “impulsive” or “reckless” (e.g., Dougherty, Marsh, Moeller, Chokshi, 

& Rosen, 2000; Finn, Justus, Mazas, & Steinmetz, 1999; Marinkovic, Halgren, Klopp, & 

Maltzman, 2000; Zawacki, Abbey, Buck, McAuslan, & Clinton-Sherrod, 2003) implying 

either (a) a tendency to act prematurely without sufficient consideration of the 

inappropriateness or negative consequences of the behavior, or (b) a willingness to 

engage in such behavior despite full awareness of its inappropriate nature.   

Although these remain plausible explanations for dysregulated behavior during 

intoxication, it is also possible that alcohol interferes with the processing of cognitively 

complex contextual cues that are generally effective at guiding appropriate behavioral 

responding under sober conditions.  In this case, alcohol-induced dysregulated behavior 

may occur -- not because the individual fails to consider the appropriateness or  

consequences of all possible response options, or ceases to care about enacting the
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most appropriate behavioral response -- but, because cognitive impairment renders the 

individual confused or uncertain about the most appropriate course of action.  In the 

face of such ambiguity, the individual’s behavioral choices are likely to be heavily 

influenced by his/her pre-existing, or recently primed desires/inclinations.  Such an 

account of alcohol’s effects on behavior would be consistent with a number of existing 

theories that have described how alcohol’s impairing effects on the cognitive processing 

of environmental cues might lead to dysregulated behavior (e.g., Sayette, 1993; 

Pernanen, 1976, Steele & Josephs, 1988, 1990;  Steele & Southwick, 1985).   

The purpose of the current laboratory analogue experiment was to investigate 

the possibility that acute alcohol intoxication may lead to behavioral dysregulation by 

either (a) impairing response inhibition processes responsible for preventing impulsive, 

premature responding, or (b) interfering with the processing of task-relevant contextual 

information essential to effective deliberate choices.  To date, a number of laboratory 

analogue experiments utilizing alcohol challenge methodology in conjunction with 

cognitive response tasks have demonstrated that moderate levels of intoxication do 

indeed increase behavioral dysregulation in the form of increased commission errors, 

that is, enactment of a specific response option when one should not (Casbon, Curtin, 

Lang & Patrick, 2003; Curtin & Fairchild, 2003; Dougherty et al., 1999; Fillmore & Vogel-

Sprott, 2000; Fillmore, Vogel-Sprott, & Gavrilescu, 1999; Marczinski & Fillmore, 2003a, 

2003b; Mulvihill, Skilling, & Vogel-Sprott, 1997; Vogel-Sprott, Easdon, Fillmore, Finn, & 

Justus, 2001).  This appears to be particularly evident under cognitively complex 

conditions such as those requiring the individual to (a) inhibit a well rehearsed prepotent 

response and/or (b) to execute a weaker, less frequent, and less automatic response in 

place of the prepotent response.  Thus, the pattern of alcohol-induced behavioral 

dysregulation in laboratory analogue paradigms seems to take the same form as 

perseveration under more naturalistic conditions.  Despite this apparent confluence, 

previous studies have not attempted to examine whether alcohol-induced perseverative 

commission errors resulted from premature responding, impaired contextual processing, 

or both.  However, doing so could have important implications for the advancement, 

refinement, and perhaps integration of unidimensional theories that attribute alcohol’s 
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dysregulating effects strictly to impaired response inhibition or to impaired processing of 

environmental cues, but not to both.   

Based on recent developments in cognitive theory, and on empirical results that 

dovetail nicely with them, we have previously proposed that alcohol may lead to 

erroneous perseverative behavior by impairing the cognitive control system responsible 

for monitoring behavior and (when necessary) increasing cognitive control over 

information processing and associated behavior (Casbon, et al., 2003).  It is believed 

that this control system is responsible for both prevention of premature responding, and 

adequate processing of task-relevant contextual cues. 

Although the hypothesis that intoxicated behavioral dysregulation results from 

impaired cognitive control is intriguing, much remains to be done to clarify the specific 

nature of the alcohol-induced interference within this system and to assess how it might 

translate into errors that occur in cognitive response tasks.  In the current study, we 

sought to further elucidate alcohol’s effects on the cognitive control system by applying 

psychophysiological assessment techniques.  Specifically, electroencephalogram (EEG) 

recordings were obtained as intoxicated and sober participants completed a computer 

task designed to create conditions that place high demands on both the inhibitory and 

contextual processing components of the cognitive control construct.  From these 

recordings, stimulus- and response-triggered averages were calculated and extracted to 

yield measures of the P300 and Error-Related Negativity (ERN) event-related 

potentials, respectively.  These measures provided on-line indices of (a) evaluation and 

processing of the visual stimuli presented to the participants and (b) monitoring of the 

participants’ behavioral responses to the stimuli.  This permitted a more fine-grained 

analysis of how alcohol might interfere within the cognitive control system to cause an 

increase in erroneous behavior.     

To facilitate understanding of the current study, we begin by more thoroughly 

defining and describing several constructs (i.e., response prepotence, perseveration, 

cognitive control) that form the conceptual and methodological foundation for the 

research.  We then turn to a description of the two commission error subtypes referred 

to above, and outline the potentially different cognitive processes that may underlie 

them.  Because this aspect of impairment has been largely neglected within the alcohol 
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literature, we review findings from a few recent alcohol studies, and describe how such 

findings suggest that alcohol may result in either of the two subtypes of commission 

error, depending on the environmental conditions that are present.  Next, we describe 

theory and research on the P300 and ERN measures and explain their relevance to 

understanding alcohol’s effects on the cognitive control system.  Finally, based on this 

framework and analysis, we introduce the current study which was designed to enhance 

our understanding of the cognitive mechanisms underlying alcohol’s behavioral 

dysregulating effects.   

 

 

Response Prepotency and Perseveration 
 

 A prepotent response tendency can be defined as a strong, essentially automatic 

inclination to select or implement one response option over others.  Prepotency can 

arise for a number of reasons, including training or practice, emotional or physiological 

states favoring a particular response option, and incentives or contingencies associated 

with a certain response.  The inclination to read words in a standard Stroop task is one 

example.  Participants viewing color words displayed in varying colors of ink show a 

delay in naming the ink color on trials involving a mismatch between the word itself and 

the color in which it appears, presumably because the inclination to read words is 

stronger or more automatic than the inclination to name colors (MacCleod, 1991; 

Stroop, 1935).  Compared to color naming, word reading is an everyday activity that is 

extensively rehearsed and reinforced over time by the immediate rewards associated 

with being able to read.  Thus, the Stroop task involves competition between an 

automatic, but task-inappropriate inclination to read the word, and a more controlled 

effort to name the color and thereby avoid errors.   

 From this perspective, perseverative behavior can be viewed as the persistence 

of a previously task-appropriate response option, automatized through repetition, 

despite revised contingencies that mandate a different response.  The likelihood of 

perseveration should increase as a function of the extent of rehearsal of the previously 

appropriate, but currently inappropriate, response.   
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The Role of Cognitive Control in Regulating Response Prepotency and Perseveration 
   

Although researchers have described the cognitive control construct in various 

ways (e.g., Baddeley & Della Salla, 1996; Botvinick, Braver, Barch, Carter, & Cohen, 

2001; Braver, Barch, & Cohen, 1999; Goldman-Rakic, 1996; Norman & Shallice, 1986), 

we focus here on the conceptualization outlined by Cohen and colleagues because it 

directly addresses the role of cognitive control in overriding prepotent response 

inclinations.  Cohen et al. define cognitive control as the ability to flexibly guide behavior 

by internally represented goals or intentions that support task-relevant processes and 

responses and allow them to compete against irrelevant responses (Braver, Barch, & 

Cohen, 1999; MacDonald, Cohen, Stenger, & Carter, 2000).  A high degree of cognitive 

control is required to (a) address novel, complex, or otherwise difficult tasks, (b) 

overcome habitual or prepotent responses, and (c) correct errors (MacDonald et al., 

2000).   

Within this conceptualization of cognitive control, effective task-appropriate 

responding depends on at least two interrelated, but conceptually distinct processes 

operating in any given situation requiring a decision about the appropriate course of 

action.  A response inhibition process must first be brought on-line to prevent premature 

selection of any response option.  This initial inhibitory process, in turn, allows time for 

the processing of contextual information (e.g., contextual stimuli, task goals or 

instructions held in working memory) needed to determine the most appropriate course 

of action.   

Interference or failure within either of these processes can result in task-

inappropriate behavior, and certain contextual characteristics determine the extent to 

which effortful cognition is necessary to effectively carry out each process to prevent 

such errors.  For example, the effort needed to inhibit premature selection of a response 

option is likely to vary as a function of the option’s strength.  Specifically, when a given 

response option becomes prepotent through repetition, reinforcement, or alteration in 

underlying emotional/physiological states, the strength of its activation may bias that 

response to persist even when an altered stimulus context calls for a different response.  

Substantially more cognitive effort is needed to inhibit premature selection of a 

response option that has become prepotent than to inhibit a response option that is not 
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prepotent.  Similarly, as tasks become more complex (e.g., stimulus-response relations 

become more intricate; delays between stimulus and response become longer, etc.) 

increased cognitive effort is needed to effectively process contextual information and 

maintain sensitivity to differences between stimuli linked to separate response options.  

When sensitivity is diminished, stimulus discrimination suffers, and the likelihood of 

task-inappropriate behavior increases. 

 

     

Commission Error Subtypes 
 
 Consistent with the notion that task-inappropriate behavior may result from failure 

or interference in either of the two cognitive control processes described above, a 

growing body of literature has suggested that commission errors can occur for a number 

of different reasons or through different mechanisms (Norman, 1981; Halperin, Wolf, 

Greenblatt, & Young 1991; Reason, 1990; Scheffers and Coles, 2000).  For example, 

commission errors can occur when impulsive motor executions are implemented before 

stimulus evaluation and stimulus-response mapping is complete.  Such errors have 

previously been referred to as slips (Reason, 1990), impulsive errors (Halperin, 

Greenblatt, & Young, 1991), or fast guesses (Ollman, 1966; Yellot, 1971).  Reaction 

times (RTs) on such errors are typically faster than RTs on correct responses implying 

that accuracy is compromised for the sake of speed.  Assuming that processing of the 

stimulus continues following implementation of the response, awareness of the 

commission of these types of errors normally follows shortly after the response once 

stimulus evaluation is complete.  From Cohen’s cognitive control perspective, such 

errors reflect a failure of the initial inhibitory process, and thus, we will use the label 

premature response error (Scheffers and Coles, 2000) to refer to this subtype of 

commission error. 

A second subtype of commission error can occur when some form of interference 

in perceptual or cognitive processing blocks or degrades information about (a) the 

current stimulus, (b) prior stimuli, or (c) important task instructions that are needed to 

determine and guide selection of the appropriate response option.  Such errors are 

typically associated with a subjective sense of confusion and uncertainty about which 
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response option is correct.  Time pressure often leads the individual to guess by 

selecting one of the options when the uncertainty cannot be resolved.  In such cases, 

there is awareness only that an error may have been made.  RTs on this subtype of 

commission error are typically longer than correct response RTs indicating difficulty 

determining the appropriate response option.  Such errors have been referred to as 

data-limited processing errors (Scheffers & Coles, 2000) or inattention errors (Halperin, 

Wolf, Greenblatt &Young 1991), although the latter of these labels may not fully capture 

information processing interference that may involve more than just a lack of attention.  

From the cognitive control perspective, these errors appear to reflect a failure in context 

processing, and thus, we will use the label, context processing error to denote this type 

of error. 

 

 

Laboratory Analogue Findings of Alcohol-Induced Increases in Commission Errors 
 

To date, a number of laboratory analogue studies have demonstrated that acute 

alcohol intoxication can lead to an increase in the rate of commission errors observed in 

cognitive response tasks.  Although the issue of commission error subtypes has 

remained largely neglected within these studies, results are consistent with the 

possibility that alcohol may lead to an increase in commission errors by impairing either 

inhibitory control or contextual processing.  A comprehensive review of the alcohol 

literature relevant to alcohol’s effects on commission errors in laboratory analogue 

paradigms is beyond the scope of this paper, but recent evidence suggestive of an 

alcohol-induced impairment in either of the two cognitive control processes warrants 

special attention.  In reviewing these findings, it is important to keep in mind the 

conditions under which intact cognitive control is essential for accurate performance.  

Specifically, cognitive control is most critical to accurate performance in tasks that:  (a) 

involve the need to override prepotent, but inappropriate response inclinations and/or 

(b) are cognitively complex, requiring valid representations of contextual cues or 

information.    

First among these investigations is a pair of studies (Fillmore & Vogel-Sprott, 

2000; Mulvihill, Skilling, and Vogel-Sprott, 1997) that were designed to investigate the 
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impact of alcohol on response inhibition.  Specifically, within these studies, participants 

engaged in a Go/Stop task in which they were instructed to respond to a series of 

individually presented letter stimuli with a button press, unless an auditory tone (i.e., the 

stop signal) was presented simultaneously with the letter, in which case participants 

were to inhibit the response.  Among the individual letter presentation trials, 73% 

required a response and 27% required inhibition of a response.  This differential 

frequency established the prepotency of an active response over inhibition of a 

response.  Results indicated that intoxicated participants made more commission errors 

in these studies than sober participants, a finding consistent with the notion that alcohol 

interfered with the initial inhibitory process that is responsible for preventing premature 

selection of a prepotent response option.  However, a few caveats must be offered in 

regard to this interpretation.  First, response prepotence was not manipulated within 

either of these studies, so no comparisons can be made regarding commission error 

rates in the presence vs. absence of a prepotent response option.  Second, although 

task complexity was not manipulated within the study, the task instructions appeared to 

involve substantial complexity (i.e., respond by pressing one button with the index finger 

when the letters ‘A’ or ‘C’ appear; respond by pressing the adjacent button with the 

middle finger when the letters ‘B’ or ‘D’ appear; when any of the four letters appear 

simultaneously with a tone, inhibit responding).  Thus, it is possible that the alcohol-

induced increase in commission errors observed within these studies resulted from a 

failure in processing complex contextual information, rather than from a failure in 

response inhibition.  Last, although RT data for correct response and commission errors 

could be used to help clarify this issue, neither study reported such data.  Therefore, 

results from these two studies are somewhat ambiguous with regard to how alcohol led 

to an increase in commission errors. 

A third study that demonstrated alcohol-induced commission errors (Dougherty et 

al., 1999) directly manipulated the cognitive task complexity within the context of a 

Continuous Performance Test (CPT) by using Immediate Memory Task (IMT) and 

Delayed Memory Task (DMT) conditions.  In both the IMT and DMT conditions, stimuli 

consisted of a series of 5-digit numbers (e.g., 73021).  In the IMT condition, stimuli were 

divided into three categories, each of which occurred on approximately 33% of the trials.  
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Target stimuli were those in which the 5-digit number was identical to the one 

immediately preceding it.  Subjects were instructed to respond with a button press to 

target stimuli.  Catch stimuli were those which differed from the preceding 5-digit 

number by only one digit.  Filler stimuli were those that differed from the preceding 

number on all five digits.  Subjects were instructed to withhold response to any stimulus 

that did not perfectly match the preceding stimulus.  The DMT condition involved the 

same three types and distributions of stimuli, however, each stimulus within the task 

was separated by three repetitions of the numbers 12345.  These three repetitions of 

distracter stimuli were included to increase the cognitive complexity of the task and 

participants were told to ignore them and only remember stimuli separated by them.  

Results indicated that in the IMT condition, there were no differences between sober 

and intoxicated individuals in terms of commission errors in response to catch or filler 

stimuli.  However, in the DMT condition, alcohol led to an increase in commission errors 

in response to catch stimuli, but not to filler stimuli or distracter stimuli. 

These results can be interpreted to represent an alcohol-induced impairment in 

the context processing aspect of cognitive control.  Because all three types of stimuli 

occurred with equal frequency in both memory conditions, response prepotency was not 

manipulated within this study.  Thus, the study did not assess alcohol’s impact on the 

component of cognitive control that is responsible for the inhibition of prepotent 

response options.  In contrast, the variation in memory delay and use of catch and filler 

stimuli allowed for the direct assessment of alcohol on the context processing 

component of cognitive control.  In the IMT condition involving only a brief delay and no 

distracters between stimuli, context processing remained largely intact for both sober 

and intoxicated participants, allowing for effective discrimination between target and 

catch stimuli.  However, when the delay between stimuli was increased and distracter 

stimuli interfered with maintenance of previously viewed stimuli in working memory, 

sensitivity to differences between target and catch stimuli was decreased among 

intoxicated participants relative to sober.  RT data for the study provide support for the 

conclusion that the alcohol-induced increase in commission errors within the study 

represented context processing errors as average response latencies on commission 

errors were significantly longer than on correct responses. 
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Perhaps the strongest evidence for alcohol-induced impairments in cognitive 

control underlying behavioral dysregulation during intoxication comes from a recent 

study that directly manipulated, within-subjects, both the cognitive complexity of the task 

and the prepotency of inclinations to either respond or withhold a response (Casbon, et 

al., 2003).  In this study, an n-back task was used to manipulate the working memory 

load, and thus, the cognitive complexity of the task.  Specifically, in the task participants 

viewed a series of individual letter stimuli and were given different instructions about 

when to respond and when not to respond to specific stimuli.  Under heavy load 

instructions (i.e., determine if the current stimulus matches the stimulus two positions 

back and react according to instructions) the task is substantially more cognitively 

demanding than under light load instructions (i.e., determine if the current stimulus 

matches the previous stimulus and react according to instructions).  

Within the task, stimuli were organized so that participants were required to 

actively respond to 80% of stimuli in designated trial blocks at each memory load, but 

only 20% of stimuli in other blocks at each memory load.  This response frequency 

variable (i.e., 80% vs. 20%) was included to establish a prepotent behavioral set to 

either respond (in 80% response blocks) or to withhold a response (in 20% response 

blocks).   

Results provided strong support for alcohol-induced impairment in cognitive 

control.  First, signal detection theory (SDT; Green & Swets, 1966; Macmillan and 

Creelman, 1991) sensitivity analyses documented an impairment of working memory 

function among intoxicated participants.  This suggests that alcohol impaired the 

contextual processing component of the cognitive control system.  Second, the 

impairment in working memory resulted in an increased SDT response bias among 

intoxicated participants under heavy load instructions.  Specifically, in 80% response 

blocks under heavy load (i.e., complex) conditions, only the intoxicated participants 

displayed an exaggerated bias to respond with an associated increase in commission, 

but not omission errors.  Conversely, in 20% response blocks under heavy load 

conditions, intoxicated participants displayed an exaggerated bias to withhold a 

response with an associated increase in omission, but not commission errors -- again 

an effect not evident among sober participants.   
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 Clearly, these findings indicated that alcohol interacted with both the working 

memory load and the response prepotency manipulations to impact behavioral 

outcome.  Nonetheless, it is unclear from these results whether the bias to respond in 

one direction or another reflected (a) impairment in initial inhibitory control over the 

prepotent response, (b) selection of the prepotent response in the face of uncertainty 

resulting from impaired context processing, or (c) a combination of these two factors.  In 

an attempt to clarify this issue, Casbon, Lang, Curtin, and Patrick (2002) used RT data 

from the 80% blocks to distinguish commission errors occurring due to inhibitory failures 

(i.e., premature response errors) from those resulting from impaired context processing 

(i.e., context processing errors).  Specifically, commission errors were classified as 

either premature response errors or context processing errors for each individual 

participant by comparing his/her RT on each individual commission error trial with 

his/her average correct response RT.  Commission errors with shorter (i.e., faster) RTs 

than the average correct response RT for a given participant were classified as 

premature response errors, whereas those with longer (i.e., slower) RTs than the 

average correct response RT were classified as context processing errors. 

Results from this analysis provided preliminary support for the idea that the 

alcohol-induced bias to respond might reflect impairment in both initial inhibitory control 

and context processing.  First, although not significantly different, group means on 

premature response error rates were higher for intoxicated participants than sober 

participants at both memory load levels.  Second, alcohol was found to increase context 

processing errors significantly, but only at the heavy load level where relatively heavy 

demands were placed on the working memory system.  Despite these intriguing 

findings, efforts to distinguish between premature response errors and context 

processing errors solely on the basis of RT data limit confidence in the inference that 

different underlying processes are truly responsible for the putatively different types of 

errors.  Fortunately, recent advances in psychophysiological (viz., EEG) research and 

assessment provide a number of measures that should help to validate the distinction of 

error types inferred from RT data and thereby further advance understanding of the 

cognitive mechanisms underlying alcohol-induced behavioral dysregulation.  
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Use of the P300 and ERN Event-Related Potentials to Investigate Alcohol-Induced 

Increases in Commission Error Subtypes 
 

Hugdahl (1995) defines an event-related potential (ERP) as “a change in an 

electroencephalogram (EEG) recording from the scalp that is related to the occurrence 

of an external or internal stimulus or event” (p. 266).   There are indications from 

cognitive theory and research that the two types of commission errors described above 

are associated with distinctively different patterns of ERPs.  In this connection, the first 

ERP of interest is the well-studied P300, a positive ERP deflection in the posterior-

parietal brain region that occurs following the processing of a contextual stimulus.  This 

ERP occurs roughly 300 msec after stimulus onset in tasks that require stimulus 

categorization (Donchin, 1981).  

The peak amplitude of the P300 is commonly between 15 and 25 µV and is 

believed to reflect the amount of information extracted from the stimulus being 

processed (Ruchkin, Sutton, & Mahaffey, 1987).  Consistent with this interpretation, 

P300 amplitude has been demonstrated to be significantly larger on task trials involving 

infrequently presented or “oddball” stimuli relative to those trials in which a frequently 

presented or “common” stimulus is displayed (Johnson, & Donchin, 1980; Squires, 

Donchin, Herning, & McCarthy, 1977).  Here, an infrequent stimulus is understood to 

contain “more information” than frequently presented stimuli due to specific features or 

characteristics that differentiate it as unique (Hugdahl, 1995; Sutton, Braren, Zubin, & 

John 1965).  Thus, particularly within cognitive tasks requiring responses to frequently 

presented stimuli (targets) and inhibition of responses to stimuli presented infrequently 

(nontargets), the P300 ERP would appear to be a valuable measure of the extent to 

which an individual can effectively process contextual cues needed to guide appropriate 

behavior.  Indeed, the P300 has been suggested to reflect context updating (Donchin 

1981).  Specifically, it is believed to occur whenever an unexpected stimulus disturbs 

one’s subjective model or schema of the environment, which then must be updated in 

working memory to enable the individual to respond appropriately to the current 

stimulus (Donchin and Coles, 1988).   
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Based upon this conceptualization of the P300, specific predictions can be made 

about how its amplitude is likely to vary between premature response errors and context 

processing errors in tasks requiring occasional inhibition of a frequently implemented 

behavioral response.  Specifically, because context processing is believed to remain 

relatively intact during premature response errors that occur due to a failure in inhibitory 

processes, P300 should be large relative to that observed during correct responses to 

frequently presented targets.  This pattern would be similar to that observed on trials in 

which the individual correctly inhibits behavior to the infrequently presented nontarget 

stimuli.  In contrast, the processing of contextual information is believed to be disturbed, 

disrupted, or impaired during context processing errors.  This interference with 

processing impedes adequate discrimination between target and nontarget stimuli, and 

thus, P300 should be significantly reduced on such error trials relative to that observed 

on premature response errors.  Scheffers & Coles (2000) have reported findings that 

are consistent with these predictions within the context of the Eriksen flankers task (cf. 

B. A. Eriksen & Eriksen, 1974).  In that study participants reported their perceived 

behavioral accuracy after each trial by rating responses as “Sure Correct,” “Sure 

Incorrect,” or “Don’t Know.”  Data analysis failed to reveal a significant difference in 

P300 amplitude between correct trials rated as “Sure Correct” and incorrect trials rated 

as “Sure Incorrect” (i.e., premature response errors).  However, a separate analysis 

indicated that P300 amplitude was significantly smaller on incorrect trials rated as “Don’t 

Know” (i.e., context processing errors) than on correct trials rated as “Sure Correct.”  

Together these findings suggested that contextual processing was intact on errors 

involving a subjective certainty of the error’s occurrence (i.e., a feature common to 

premature responses errors), but reduced on errors involving uncertainty about whether 

or not an error was made (i.e., a feature common to context processing errors). 

A second ERP, the error-related negativity (ERN) may also be of interest when 

examining commission error subtypes.  The ERN is a fronto-centrally located negative 

ERP deflection that occurs following the commission of an error within cognitive choice 

reaction tasks similar to those used to demonstrate alcohol’s effects on commission 

errors (Gehring, Coles, Meyer, & Donchin, 1990; Gehring, Goss, Coles, Meyer, & 

Donchin, 1993).  It onsets within msec of electromyographic (EMG) activity in the limb 
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making an error and peaks at an amplitude of up to 10-12 µV approximately 75-150 

msec after the onset of such EMG activity (Carter, Botvinick, and Cohen, 1999; 

Falkenstein, Hohnsbein, & Hoorman, 1995).  The ERN has been demonstrated in tasks 

that involve incorrect limb responses (e.g., responding with the left hand when a right 

hand response was the correct response) (Gehring, Coles, Meyer, & Donchin, 1995) 

and within Go/No-Go or Go/Stop tasks involving responses to certain stimuli and 

response inhibition to other stimuli (Falkenstein, Hoorman, & Hohnsbein, 1999; 

Scheffers, Coles, Bernstein, Gehring, & Donchin, 1996). 

The ERN is a relatively new ERP measure, identified and described for the first 

time by two independent research groups (i.e., Falkenstein, Hohnsbein, Hoormann, & 

Blanke, 1990; Gehring, Coles, Meyer, & Donchin, 1990) only fourteen years ago.  Given 

its relative novelty, it is not surprising that there has been some disagreement about the 

specific cognitive processes that produce the ERN.  However, most researchers agree 

that the ERN is a signal or end product that results from an evaluative process, 

occurring in the Anterior Cingulate Cortex (ACC) and designed to determine when 

increases in cognitive control over behavior are needed.   The general disagreement 

revolves around how the ACC performs this evaluative process to generate the ERN.   

An initial belief that continues to maintain a following at the current time is that 

the ACC performs an error detection function (Falkenstein, Hohnsbein, Hoorman, & 

Blanke, 1991; Gehring et al., 1993; Scheffers, et al., 1996).  According to this view, 

when errors in performance are detected, an ERN is produced and acts as a signal to 

other regions of the brain (e.g., Dorsolateral Prefrontal Cortex – DLPFC) that increases 

in control are needed to compensate for the decrements in performance.  Support for 

this view includes the fact that the ERN is (a) most commonly observed following the 

commission of an error (Gehring et al., 1993), (b) larger when instructions emphasize 

accuracy over speed (Dehaene, Posner, & Tucker, 1994; Falkenstein et al., 1991), (c) 

larger on partial error trials (i.e., trials on which erroneous behavior is initiated but then 

corrected) (Gehring et al., 1993), and (d) absent on trials involving no awareness by the 

participant that an error was made (Dehaene et al., 1994; Tucker, Liotti, Potts, Russell, 

& Posner, 1993-1994).   
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A more recent view that appears to be gaining popularity and support is that, 

rather than detecting errors per se, the ACC acts to detect response or processing 

conflicts that occur when two incompatible responses are present simultaneously 

(Botvinick, et al., 2001; Carter et al., 1998; Jones, Cho, Nystrom, Cohen, & Braver, 

2002).  In this case, the ERN is believed to act as a signal indicating the need for 

adjustments in cognitive control when activation in competing response channels is 

detected at the time that a behavioral response is initiated.  It is argued that it occurs 

primarily on error trials because errors are most likely to occur on trials in which 

response conflict is present (Carter et al., 1998).  However, as noted by Cohen and his 

colleagues (Botvinick, Braver, Carter, Barch & Cohen, 1998), and consistent with the 

response conflict theory of ACC activity, previous research (e.g., Gehring, et al., 1993) 

has demonstrated that an ERN appears even on correct trials if the correct response is 

subsequently reversed.  Studies using event-related functional magnetic resonance 

imaging (fMRI) and a continuous performance task have provided similar support for the 

response conflict theory.  Specifically, multiple studies have found increased activation 

in a specific area of the ACC not only on incorrect trials relative to correct trials (as 

would be predicted from ERN studies), but also on correct trials in which the task 

elicited high response competition relative to correct trials eliciting minimal competition 

(Carter, Botvinick, & Cohen, 1999; Carter et al., 1998).   

Interestingly, although both theoretical camps believe that ERN reflects the 

detection and signaling of the need for increased cognitive control, their divergent 

conceptualizations of this ERP appear to lead to disparate predictions about how its 

amplitude is likely to vary across premature response errors, context processing errors, 

and correct response trials.  For example, theorists subscribing to the error detection 

view of ACC activity (e.g., Gehring, et al., 1993) believe that the ERN is the end product 

of a comparator process in which mental representations of one’s actual response on a 

given trial are compared with representations of the appropriate response for that trial.  

According to this conceptualization, the ERN amplitude should be large when the 

comparison results in a perfect mismatch (i.e., representations of actual and appropriate 

responses are at odds as in premature response errors), moderate when a partial 

mismatch results (i.e., adequate representations of only the actual response, but not the 
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appropriate response are available, as in context processing errors), and small when a 

perfect match results (i.e., representations of actual and appropriate responses are 

congruent, as in correct response trials).  Preliminary evidence for this position is 

available (Scheffers and Coles, 2000).   

 In contrast, as noted above, response conflict theorists (e.g., Carter et al., 1998) 

believe that the ERN is a reflection of simultaneous activation in competing or conflicting 

response channels that is present at the moment when a given response option is 

selected.  According to this conceptualization, the ERN should be small or absent on 

trials in which the initial inhibitory process either (a) fails to come on-line and compete 

against the prepotent response option (i.e., as in premature response errors), or (b) 

successfully competes against the prepotent response option, holding off its selection 

until contextual information can be sufficiently processed to determine that it is indeed 

the appropriate response.  At that time, activation in the inhibitory channel can subside, 

leaving only activation in the prepotent response channel to guide implementation of 

that response (i.e., as in correct response trials).  In contrast, the ERN should be large 

when the initial inhibitory process successfully competes against the prepotent 

response option, but interference or a failure in contextual processing prevents 

adequate determination of the appropriate response.  Because this determination 

cannot be made, the subject must select a response option by guessing.  In this case, 

simultaneous conflicting activation remains in both the inhibitory channel and the 

prepotent response channel at the time of response selection due to the uncertainty, 

thereby constituting a context processing error.   

 Despite the differing conceptualizations of the ERN and predictions about its 

amplitude across trial types, we believe that it can be used in conjunction with the P300 

ERP within the context of cognitive response tasks to facilitate and validate the 

distinction of commission error subtypes by RT data.  Specifically, identification of the 

theory-driven patterns of P300 and ERN ERPs for fast and slow commission errors as 

described above would lend support to the notion that distinct cognitive processes 

underlie these two types of errors.  Further, incorporating these measures into alcohol-

challenges studies using speeded cognitive response tasks introduces an opportunity to 

better understand the cognitive processes and pathways by which alcohol intoxication 
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facilitates dysregulated behavior.  It would also seem to provide another avenue for 

investigation of the error detection and response conflict theories of ACC activity and 

the ERN, and thereby promote better understanding of what evaluative processes this 

ERP truly reflects. 

 

 

Alcohol-Induced Impairment in a Two-Stage Cognitive Control Mechanism:  The Current 

Study 
 
 The purpose of the current study was to build upon the previous research 

conducted by Casbon et al. (i.e., Casbon, et al., 2003; Casbon, et al., 2002) which 

provided preliminary support for the notion that dysregulated behavior during acute 

alcohol intoxication may result from a failure in either of two stages of a cognitive control 

mechanism.  Specifically, RT data were consistent with the possibility that alcohol-

induced behavioral dysregulation may occur due to either a failure to inhibit automatic 

activation of a prepotent response (i.e., a premature response error) or a failure to 

adequately process contextual information (i.e., a context processing error).  Further, 

results from these prior investigations suggested that the likelihood of either type of 

failure/error is increased under cognitively complex contextual conditions.  

The current study also extends previous efforts by incorporating P300 and ERN 

assessment methodology into a modified version of the n-back procedure used by 

Casbon et al. (2003).  This provides a means for validating the categorization of 

different error types by RT data and for facilitating understanding of the processes that 

underlie them (see Table 1 for a summary of the two different error types).   To 

accomplish this goal, participants were given a response button and were told to 

respond with a button press to every stimulus unless it matched the stimulus two 

positions back.  When stimuli matched, participants were instructed to withhold or inhibit 

a response.  By presenting non-matching stimuli on 80% of trials, we established a 

prepotent inclination to respond that was expected to increase the likelihood of 

perseverative commission errors.  Using RT data, these commission errors were 

separated off-line into fast and slow error categories in the same manner used by 

Casbon, et al. (2002), and the effect of alcohol on the frequency of each error type was 
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examined.  P300 and ERN data were then used in an attempt to validate the 

classification of error types by RT.  Specifically, it was expected that these two ERP 

measures would indicate differing patterns of cognitive activity for fast and slow errors 

as outlined above for premature response errors and context processing errors, 

respectively. 

   

 

Primary Hypotheses Regarding Beverage Effects on Error Type Frequencies 
 
 Recall that the n-back task used in the current study was designed to create 

conditions that place high demands on both the inhibitory and contextual processing 

components of the cognitive control construct.  Specifically, the establishment of a 

prepotent inclination to respond through the presentation of non-matching stimuli on 

80% of trials was designed to place high demands on inhibitory processes, whereas the 

2-back task instruction was designed to place high demands on the contextual 

processing component of cognitive control.  Thus, because both aspects of cognitive 

control were necessary for the task and because alcohol was expected to interfere with 

both aspects of control, first and foremost, we predicted that alcohol would significantly 

increase rates of both subtypes of commission errors.  Additionally, there was some 

preliminary indication from the Casbon et al. (2002) data that the alcohol-induced 

increase in error rate might be greater for slow errors than for fast errors.  Thus, based 

on these data, we also predicted a Beverage Group X Error Type interaction in which 

the effect of alcohol on error rates was expected to be more pronounced for slow errors 

than for fast errors. 

 

 

Hypotheses Regarding Patterns of EEG Activity by Trial Type (Validating the Distinction 

of Error Types by RT) 
 

 Although some dampening of the ERPs was expected across all response types 

in the alcohol group, the following patterns were predicted to emerge across both 

beverage groups: 
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1) P300 – We predicted that P300 amplitude would be larger on correct inhibition 

trials than on correct response trials, indicating that participants adequately 

identified these relatively infrequent trials as those requiring response inhibition.  

Similarly, we expected P300 amplitude to be larger on fast errors than on correct 

response trials.  This would suggest that, despite erroneously responding 

prematurely, participants were still able to identify these infrequent trials as those 

on which they should have inhibited a response.  Finally, consistent with previous 

findings (i.e., Scheffers and Coles, 2000), we predicted that P300 amplitude 

would be larger for fast errors than for slow errors.  This outcome would support 

the notion that context processing is relatively intact on fast error trials, but that 

interference in context processing limits the amount of information that can be 

extracted from the stimulus on slow error trials, thereby impeding the ability to 

respond appropriately. 

 

2) ERN – We predicted that ERN amplitude would reflect one of the patterns 

predicted by either the error detection or response conflict theories of ACC 

activation described above.  Specifically, ERN amplitude was expected to be 

large (in the negative direction relative to correct response trials) on fast error 

trials, but only moderately-sized (i.e., falling in between amplitudes for fast errors 

and correct responses) on slow error trials if ERN reflects the end product of a 

process comparing appropriate and actual response representations.  In 

contrast, relative to correct response trials, ERN was expected to be large in the 

negative direction on slow error trials and small or non-existent (i.e., comparable 

to correct responses) on fast error trials if ERN reflects simultaneous and 

unresolvable competing activation within behavioral response and inhibition 

channels.  In either event, the ERN would be expected to represent a signal 

stemming from action monitoring processes and indicating the need for 

increased cognitive control of behavioral responding. 
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METHOD 
 
 
 
 

Participants 
 

Thirty-two participants (16 male; 16 female) were recruited to participate in the 

current study (See Appendix A for Approval Memorandum from the Florida State 

University Human Subjects Committee).  The majority were recruited from 

undergraduate psychology classes at Florida State University.  These participants 

received class credit for research experience and payment at a rate of $6.25 per hour 

for the first four hours prorated depending on the number of class credits received.  

They also received additional payment at the rate of $10.00 per hour for any time spent 

in excess of four hours.  Additional participants were recruited from the campus 

community through posting of flyers on campus bulletin boards.  These participants 

received $6.25 per hour for each of the first four hours, plus payment at the rate of 

$10.00 per hour for any time spent in excess of four hours.  Prospective participants 

who were at least 21 years old and were interested in participating, completed a 

drinking behavior screening instrument (see Appendix B).  Those individuals meeting 

initial screening criteria (see Self-Report Medical Screening, Drinking and Personality 

Measures section below) on this instrument were contacted by telephone as an initial 

step in recruitment. 

During the telephone interview, prospective participants were invited to 

participate in an experiment designed to investigate the effects of alcohol on cognitive 

processing and behavioral performance.  A brief description of the alcohol 

administration and EEG electrode application procedures was provided as well as a 

description of the working memory task.  Those individuals who were still interested in 

participating were administered a medical history questionnaire (see Appendix C) to rule
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out inappropriate candidates on the basis of medical conditions contraindicating alcohol 

consumption.  In addition, all participants had to have recent and exclusively non-

problematic experiences with alcohol doses comparable to those administered in the 

experiment.  Those individuals who were still eligible for participation were scheduled 

for participation in a single experimental session in the laboratory.  They were instructed 

to abstain from alcohol for 24 hours and from all drugs for 72 hours prior to each of their 

scheduled sessions.  They were also told to abstain from all food and beverages 

(except water) for 4 hours prior to their sessions, but were encouraged to eat a normal-

sized meal immediately preceding the four-hour fast.  Further, participants were 

required to pre-arrange transportation or escorts home so that they would not need to 

drive or walk alone.  Finally, they were informed of the compensation for participation as 

described above.   

 

 

Apparatus and Materials 
 

Stimulus Presentation and Behavioral Data Collection 

The presentation and timing of the letter stimuli for the n-back working memory 

task and the collection of behavioral data (i.e., commission errors, RTs) all were under 

the control of a Gateway 2000 386DX/33 personal computer utilizing the DMDX 

software (Forster & Forster, 2003).  Stimuli measured one inch in height and were 

presented in the center of a computer monitor in white print against a black background.  

Participants were positioned at a distance of approximately one meter from the 

computer monitor and responded using a hand-held response button  

that was connected to the computer running the DMDX software. 
 
Psychophysiological Measures  

 Electroencephalographic (EEG) activity was recorded using tin electrodes at Fz, 

FCz, Cz, and Pz referenced to linked mastoids.  A ground electrode was placed just 

anterior of the Fz electrode.  Electrooculographic activity (EOG) was recorded to 

monitor eye movements using Ag-AgCl electrodes arranged bipolarly above and below 

the left eye.   All electrodes were positioned according the international 10-20 system 
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(Jasper, 1958) and electrode impedances were kept below 5 kohms.  Neuroscan 

bioamplifiers were used to amplify the raw EEG signal and frequencies above 30 Hz 

were filtered out.  On-line digitalization of the EEG and EOG were performed at 1000 Hz 

continuously throughout the entire experimental session.   

Offline data processing to quantify the P300 and ERN components included 

stimulus and response-locked epoching (500 ms pre-stimulus to 1500 ms post-stimulus 

for P300; 500 ms pre-response to 1500 ms post-response for ERN), lowpass filtering 

(15 Hz), eyeblink correction (Semlitsch, Anderer, Schuster, & Presslich, 1986), baseline 

correction, and artifact rejection (epochs with signal that exceeded + 75 µV were 

rejected).  Average P300 and ERN waveforms were calculated separately for correct 

and error trials at each scalp site.  For P300 amplitude, a peak-picking algorithm was 

used to identify the most positive point (in µV) for each subject at the Pz scalp site in a 

350 ms window (i.e., 375 – 725 ms post stimulus onset) surrounding the grand average 

peak activity for correct inhibition and fast error trials (see Results section below for an 

elaboration on the rationale for selection of this window).  These individual peak values 

were then used to calculate average peak P300 amplitude for each beverage group and 

across all subjects.  For ERN amplitude, a peak-picking algorithm was used to identify 

the most negative point (in µV) for each subject at the Cz scalp site in a 120 ms window 

(i.e., 0 – 120 ms post-response).  These individual peak values were then used to 

calculate average peak ERN amplitude for each beverage group and across all 

subjects.   

 
Self-Report Medical Screening, Drinking, and Personality Measures 

A number of self-report individual differences measures were administered to 

participants as part of the study procedures.  The first three of these listed below were 

used as screening measures to facilitate identification and exclusion of potential 

participants for whom administration of alcohol was contraindicated.  The remaining 

measures were administered to assess for beverage and/or gender group differences 

on a number of drinking and personality factors that could potentially confound 

beverage group differences on the primary behavioral measures of interest.  The 

expectation was that any factor assessed by these measures and differing between 
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beverage groups would be used (if necessary) as a covariate in the analysis of the 

primary study hypotheses about beverage effects on error type frequencies. 

Medical Screening Questionnaire.  This 13-item instrument was designed to 

ensure safe participation by screening for any medical condition that might 

contraindicate alcohol consumption.  This measure was administered by phone prior to 

the experiment.  Participants were also required to complete this instrument a second 

time during the consent and screening procedures at the start of each laboratory 

session (see Procedure below) to confirm information obtained in the telephone 

interview (see Appendix C). 

Drinking Behavior Survey.  This brief screening instrument assesses an 

individual’s average quantity/frequency of alcohol consumption during the past year.  It 

also assesses the highest dose of alcohol consumed by the individual on any drinking 

occasion during the past year.  In the present study, this measure was used to ensure 

that participants had recent experience with the doses of alcohol to be administered in 

the study.  Accordingly, those individuals who defined themselves as regular social 

drinkers by reporting an average weekly alcohol consumption of at least four, but never 

more than 35 (28 for women) "drinks" (i.e., 12 oz. beer; or 5 oz. wine; or 1.5 oz. of 

distilled spirits, straight or with mixer) met initial screening criteria (see Appendix B).  

Michigan Alcoholism Screening Test – Short (SMAST; Selzer, Vinokur, & Van 

Rooijen, 1975). This 13-item questionnaire provides an index of problem drinking, with 

scores of 3 or higher indicative of problem drinking. It was administered during the 

consent and screening procedures at the start of the first laboratory session.  Individuals 

scoring 3 or higher were excluded from participation in the current study. 

Drinking History Questionnaire (DH). Participants completed a modified version 

of this instrument (Cahalan, Cisin, and Crossley, 1969), containing 10 items which 

assess the quantity and frequency of current and past alcohol consumption as well as 

subjective experiences and beliefs regarding the individual’s own use of alcohol.  This 

measure was included because individuals with heavier drinking histories may have 

developed greater tolerance to alcohol’s impairing effects than individuals who tend to 

drink less.  Collection of this information would allow for examination of such effects. 
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Short Michigan Alcoholism Screening Test – Father and Mother (F- SMAST and 

M-SMAST; Crews & Sher, 1992).  These 13-item measures provide a reliable index of 

paternal and maternal drinking problems, respectively, with scores of 3 or higher 

indicative of parental problem drinking.  These measures were included because there 

has been some evidence to suggest differential sensitivity to alcohol’s effects based on 

family history of alcoholism (Holloway, 1994), although this evidence is somewhat 

equivocal. 

Drinking Motives Questionnaire (DMQ; Cooper, Russell, Skinner, & Windle, 

1992). This 15-item self-report questionnaire was designed to provide information 

regarding an individual’s motivations for using alcohol.  Specifically, the questionnaire 

yields three factor scores indicating the extent to which the individual uses alcohol to (a) 

facilitate socialization, (b) enhance positive emotions, and (c) cope with negative 

emotions.  This measure was included to explore possible relations between drinking 

motives and alcohol’s impact on behavioral dysregulation. 

Socialization Scale of the California Psychological Inventory (So of CPI, Gough, 

1960). This measure contains a list of 54 true/false statements.  It was included 

because low scores on So appear to be related to characteristics of antisocial 

personality, including impulsivity, which might affect the rate of premature response 

errors.  Additionally, previous research has found individuals with low scores on So to 

display smaller ERN amplitudes under certain conditions than those with high scores on 

So (Dikman and Allen, 2000).   For the purposes of this study, the scoring was reversed 

such that higher scores would reflect more antisocial characteristics. 

Sensation Seeking Scale (SSS-V; Zuckerman, 1979). This measure contains 40 

pairs of statements describing behavioral preferences or feelings.  For each pair, 

participants are required to choose the statement that best describes their “likes” or 

“feelings.”  The measure yields four scale scores reflecting (a) Disinhibition, (b) 

Boredom Susceptibility, (c) Thrill and Adventure Seeking, and (d) Experience Seeking.  

It also yields an overall Sensation Seeking total score.  This measure was included 

because it has been shown that high sensation seeking individuals engage in riskier 

behaviors when expecting alcohol compared to low sensation seeking individuals 

(McMillen, Smith, & Wells-Parker, 1989). 
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Revised Eysenck Personality Questionnaire – Short Version (EPQR-S; Eysenck, 

Eysenck, & Barrett1985). This 48-item measure yields four scale scores including a 

validity index (Lie Scale) and indices of Eysenck’s 3-dimensional personality scheme: 

Extraversion, Neuroticism, and Psychoticism.  This measure was included primarily 

because of the well-documented connection between extraversion, impulsivity, and 

various syndromes of disinhibition (Patterson & Newman, 1993).  

Yale-Brown Obsessive Compulsive Scale  (Y-BOCS; Goodman et al., 1989).  

This 20-item measure yields a total score indicating the severity of obsessive 

compulsive symptoms.  Scores range from subclinical to extreme.  It was included in the 

present study because previous research has found positive correlations between ERN 

amplitude and total Y-BOCS scores (Gehring, Himle, & Nisenson, 2000). 

The Positive Affect Negative Affect Scale (PANAS; Watson, Clark, & Tellegen, 

1988).  This 20-item questionnaire contains a list of affective descriptors, and 

participants are required to rate how often they have experienced each affective state in 

a specified time interval.  The measures yields scale scores for Positive Affect (PA) and 

Negative Affect (NA).  It was included in the present study because previous research 

has found a significant positive relationship between NA scores and ERN amplitude 

(Luu, Collins, & Tucker, 2000).  Consistent with the procedures used by Luu et al.,  

2000), the specified time interval for the present study was the past few weeks. 
 
Pre-Beverage General Working Memory Capacity Screening 

 Digits Backward.  This measure was comprised of half of the Digit Span subtest 

of the Wechsler Adult Intelligence Scale – Third Edition (WAIS-III) and was chosen as a 

pre-beverage measure of general working memory capacity.  For this task, the 

experimenter reads several sequences of digits to the participant who must then recite 

them in reverse order.  The digit sequences range in length from two to eight digits and 

there are two sequences of digits for each length.  The experimenter begins by 

presenting the two sequences that are shortest in length (i.e., the two-digit sequences).  

Participants receive one point for each sequence recited correctly in the reverse order.  

If the participant correctly recites one or both of the sequences of a given length, the 

task is continued with the experimenter presenting the next two sequences (i.e., the 

three-digit sequences).  This incremental increase in sequence length is repeated until 
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the participant fails to correctly recite both sequences at a given length at which time the 

task is discontinued.  We chose the Digits Backward portion of the Digit Span subtest as 

our measure of general working memory capacity because it requires both the 

information storage and manipulation processes required by the n-back working 

memory task.  Additionally, the Digits Backward task has been shown to involve more 

complex cognitive processing, including planning ability and sequential processing, than 

the Digits Forward (i.e., listen to a series of numbers and recite it verbatim) portion of 

the Digit Span subtest, (Sattler, 1992). 

 

   

Procedure 
 

Consent and Screening   

Upon arrival at the laboratory, all participants were asked to provide verification 

(valid driver’s license) that they were of legal drinking age and to sign a consent form 

(see Appendices D and E) detailing the potential risks associated with alcohol 

consumption and the EEG electrode application procedures.  This form also included an 

agreement to remain at the research site until their blood-alcohol levels (BALs) were 

sufficiently low to permit safe release.  They also completed a medical history 

questionnaire (see Appendix C).  All women completed a urine sample pregnancy test 

(QuickVue One-Step hCG by Quidel of San Diego, CA) during this initial period, with a 

negative result required for further participation.  Qualified participants were asked to 

provide a breath sample to verify an initial BAL of 0.00 (Alcosensor IV; Intoximeters, Inc. 

St. Louis, MO).  They were then administered the Digits Backward Task. 

 
Beverage Manipulation   

During the experimental session, half the male and half the female participants 

were randomly assigned to the alcohol group, the remainder to the no-alcohol group.  

The alcohol group received a beverage consisting of cranberry and orange juice (5 

parts cranberry to 1 part orange juice) mixed with 95% ethyl alcohol in a 7:1 juice to 

alcohol ratio.  They were accurately informed of their beverage condition and were told 

that the dose is roughly equivalent to 3 or 4 standard drinks in 1 hr for a 150-lb (approx. 
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68-kg) person.  The dose required to produce the target peak BAL (0.075 g/100 ml) 30 

min after the completion of beverage consumption was computed for each individual 

participant, using a computer program (Curtin & Verona, 1996) developed for this 

purpose1.  Participants assigned to the no-alcohol group were advised as such,2 and 

received only a mixture of cranberry and orange juice in a volume equivalent to the total 

amount that would have been administered had they been in the alcohol condition.  All 

beverages were evenly divided into two drinks, each consumed in 10 min, for a total 

drinking period of 20 min.  A 10-min. absorption period followed the drinking period.  

The EEG electrodes for use during the experimental task were applied to participants 

during the drinking and absorption periods.  After the 10-min. absorption period, 

participants completed their first post-beverage breath test and then began the n-back  

working memory task. 
 
N-back Working Memory Task 

The n-back working memory task that was used in the current study involved a 

series of 8 trial blocks, each lasting roughly 4.5 minutes and involving the presentation 

of a series of 100 letters.  Following the method used by Jonides et al. (1997), the 

letters were pseudorandom sequences of all consonants (randomly varying in case) 

except L, W, and Y.  Each letter stimulus was presented for 500 ms with a 2500 ms 

intertrial interval (ITI).  The letters measured one inch in height and were presented in 

the center of a computer monitor in white print against a black background.  As noted 

above, the presentation and timing of the letter stimuli and the collection of behavioral 

response data were controlled by a PC computer running the DMDX software package 

(Forster and Forster, 2003).  Participant responses were made on a response button 

attached to this computer.    

Within the n-back task participants were instructed to view the letters and 

determine whether or not each letter stimulus, regardless of case, matched the one 

presented two trials back.  Letter case (upper or lower) was varied randomly to ensure 

that participants determined matches based on the identities or names of the letters and 

not their physical forms.  In each of the 8 blocks, 20% of stimuli matched (according to 

the two-back instructions) and 80% of stimuli did not match.  Participants were 

instructed to respond with a button press to every letter stimulus unless it matched the 
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letter stimulus two positions back, in which case they were instructed to withhold their 

response. 

To help ensure that any beverage group or error type effects were not the result 

of some idiosyncratic feature(s) of a given stimulus list, two separate lists of randomly 

generated stimuli were used during data collection.  Each list conformed to the criteria 

outlined above within this section.  The presentation of these stimulus lists was evenly  

counterbalanced between beverage groups and between gender groups. 
 

Experimental task instructions.   To ensure that alcohol did not interfere with 

encoding or understanding of the n-back task instructions, all participants (both alcohol 

and no-alcohol) were provided with instructions prior to the initiation of beverage 

consumption.  In addition to the two-back instructions for response and withholding of 

response, all participants were informed that they should attempt to respond both as 

quickly and as accurately as possible.  Following these instructions, a brief practice 

exercise was administered to make clear the specific task requirements and to ensure 

understanding of the instructions.  In the practice, a card containing a list of 12 

consecutive letters (i.e., R,  s,  b,  c,  d,  C,  C,  p,  N,  p,  D,  S) was displayed and, as 

the experimenter pointed serially to each letter, participants were asked to state whether 

they would respond with a button press or whether they would withhold a response.  If 

necessary, the practice exercise was repeated until the participants completed it 

perfectly.  Most were able to do so on the first attempt, and no participant required more 

than 2 or 3 attempts to meet this criterion.  They were then informed that they would 

begin the n-back task immediately following the 30-minute beverage consumption / 

absorption period.   

Once beverage consumption / absorption were complete a breath alcohol test 

was conducted.  Participants were then reminded of the task instructions and given an 

opportunity to ask any final questions.  The n-back task was then initiated.  After each 

individual block of 100 letters, participants were given veridical feedback regarding both 

response accuracy and response latency during that block.  A 60- to 90-second rest 

period was provided between each block.  Additional breath alcohol tests were  

administered after the second, fourth, sixth, and eighth blocks.   
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Debriefing and Dismissal   

Following completion of the n-back working memory task, all participants were 

debriefed and those in the no-alcohol condition were dismissed.  Those who received 

alcohol completed additional BAL tests until the last two results were below 0.02% and 

declining, at which time they were driven or escorted home. 
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RESULTS 
 
 
 
 

Individual Differences and Beverage Administration Manipulation Check 
 
Individual Differences 

Basic demographic information, smoking status, and scores on measures of 

drinking history, drinking problems, drinking motives, personality characteristics, and 

general working memory capacity were obtained from all participants.  A Beverage 

Group X Gender analysis of variance (ANOVA) revealed no significant beverage group, 

gender, or Beverage Group X Gender interaction effects on age.  Using chi-square 

tests, similar non-significant findings emerged for race and smoking status. 

All drinking-related individual difference measures were analyzed using 

Beverage Group X Gender multivariate analyses of variance (MANOVAs).  A separate 

MANOVA was conducted for each of the three drinking-related measures:  (a) drinking 

history, (b) drinking problems, and (c) drinking motives.  All personality-related 

measures were also analyzed using separate Beverage Group X Gender MANOVAs 

except for CPI So Scale scores which were analyzed using a Beverage Group X 

Gender ANOVA.  A similar Beverage Group X Gender ANOVA was used to analyze 

Digits Backward data.  Scores on all individual difference measures are presented in 

Tables 2 (by beverage group) and 3 (by gender). 

No significant multivariate effects of beverage group, gender, or Beverage Group 

X Gender interaction were observed for any of the drinking- or personality-related 

measures for which MANOVAs were conducted.  The Beverage Group x Gender 

ANOVA for CPI So Scale scores, revealed a significant univariate main effect of gender, 

F(1,28) = 4.71, p = .039, with males scoring higher than females.  Given the reverse 

scoring that was used with this measure for the present study, these results suggest an 
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increased tendency toward antisocial characteristics among the male study participants 

relative to the females.  However, the main effect of beverage group and the Beverage 

Group X Gender interaction for the CPI So Scale were non-significant, suggesting that 

the beverage groups were evenly balanced with regard to scores on this measure.   

Although the main effects of beverage group and gender on the Digits Backward 

scores were found to be non-significant, a significant Beverage Group X Gender 

interaction was observed, F(1,28) = 5.29, p = .029.  This interaction resulted from a 

different pattern of gender group means between the two beverage groups.  

Specifically, although follow-up t-tests revealed no significant differences between 

gender groups in either beverage condition, there was a tendency for males to score 

higher than females in the no-alcohol group (i.e., male M = 9.9, SD = 2.9; female M = 

7.9, SD = 1.6) and for females to score higher than males in the alcohol group (i.e., 

female M = 9.0, SD = 2.4; male M = 7.5, SD = 1.2). 

   
Beverage Administration Manipulation Check 

All participants had a BAL of zero upon arrival at the laboratory.  Participants in 

the no-alcohol beverage condition, of course, maintained a zero BAL throughout the five 

subsequent assessment points.  These points included:  an assessment immediately 

prior to the start of the main experimental task, and after completion of 2, 4, 6, and 8 

experimental trial blocks (i.e., approximately every 10 minutes).  As expected, a 

Beverage Group X Gender ANOVA performed on peak BAL revealed a significant main 

effect of beverage group, F(1,28) = 561.80, p < .001, with participants in the alcohol 

group achieving a mean peak BAL of 0.073 g/100 ml (SD = 0.012).  No significant 

gender main effect or Beverage Group X Gender interaction was observed.  Means and 

standard deviations of BAL across time are presented in Table 4. 

 

 

Analysis of Primary Hypotheses Regarding Beverage Effects on Error Type  

Frequencies 
 

Because the gender difference on the CPI So Scale and the Gender X Beverage 

Group differences on the Digits Backward task could potentially impact the types and 
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frequencies of errors that emerged, we included gender as a variable in the analysis of 

alcohol’s effects on error type frequencies.  Additionally, to ensure that any beverage 

group differences were not a function of any idiosyncratic features of a specific stimulus 

list we included stimulus list (i.e., list 1; list 2) as a variable within the analysis.  Thus, a 

Gender X Stimulus List X Beverage Group X Error Type (i.e., fast vs. slow errors) 

ANOVA was conducted using error rate as the dependent measure. 

Results from this analysis indicated that all main effects of gender and stimulus 

list, and all interactions including these variables were non-significant.  Thus, gender 

and stimulus list appeared to have no bearing on the patterns of significant results that 

emerged for beverage group and error type within this analysis.  A significant main 

effect of error type was observed, F(1,24) = 40.84, p < .001, indicating that, when 

averaging across all study participants, fast errors occurred significantly more frequently 

than slow errors.  A significant main effect of beverage group was also observed, 

F(1,30) = 19.45, p < .001.  As expected, this result indicated that, when averaging 

across error types, intoxicated participants displayed a higher rate of commission errors 

than sober participants.  Finally, a significant Beverage Group X Error Type interaction 

was observed, F(1,30) = 7.92, p =.010 (see Figure 1 for a graphical depiction of 

average error rates for each of the two error types by beverage group).  Follow-up t-

tests were used to clarify the nature of the interaction.  For each t-test the rate of one of 

the two error types was compared between beverage groups.  Results from these 

follow-ups indicated that, although alcohol significantly increased the rates of both fast 

errors, t(30) = 3.89, p = .001, and slow errors, t(30) = 4.23, p < .001, the magnitude of 

the mean difference in error rate between beverage groups was larger for fast errors 

(mean difference = 17.67%), than for slow errors (mean difference = 5.92%).  These 

results were consistent with our prediction that alcohol would increase the rate of both 

types of errors thereby providing support for our belief that alcohol can lead to 

dysregulated behavior through multiple cognitive pathways and might be more 

deleterious to some than others.  However, these results were in direct contrast to our 

tentative hypothesis that alcohol might lead to a more substantial increase in slow errors 

than fast errors.  Possible reasons for this inconsistency are discussed below. 
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Although the results regarding alcohol’s effects on the frequencies of fast and 

slow errors were intriguing, two issues needed to be addressed before conclusions 

could be drawn about the meaning and importance of these findings.  First, given that 

errors were classified into one of the two subtype categories using RT data, it was 

critical to establish that the beverage group differences in error frequencies did not 

occur as a result of differences in RT between the beverage groups.  Second, given that 

fast and slow errors were expected to stem from the patterns of cognitive processing 

outlined for premature response errors and context processing errors, respectively, it 

was necessary to examine the ERP data to determine whether or not this was indeed 

the case.  The proceeding two sections were included to address these issues. 

 

 

Addressing Concerns About the Classification of Error Types by Reaction Time (RT) 
 

As noted above, commission errors were classified into one of the two error type 

categories based on reaction time (RT) data.  Specifically, for each subject, average RT 

on correct responses was calculated and commission errors were then separated into 

fast and slow errors depending on the speed of error in relation to the average RT on 

correct responses (i.e., RTs shorter than the average RT for correct responses = fast 

errors; RTs longer than the average RT for correct responses = slow errors).  Thus, 

because error classification was dependent on average correct RT, differences between 

beverage groups on this measure could have differentially impacted classification of 

errors.  Given this initial concern, a Beverage Group X Response Type (i.e., fast errors, 

correct responses, slow errors) ANOVA was conducted to determine the comparability 

of correct responses and the two error types between beverage groups with regard to 

RT, (see Figure 2 for a graphical depiction of average RTs for each of the three 

response types by beverage group).   

As expected, a significant main effect of response type was observed, F(2,29) = 

81.66, p < .001, with follow-up t-tests confirming that, across all participants, fast errors 

were significantly faster than correct responses, t(31) = 12.57, p < .001, and correct 

responses were significantly faster than slow errors, t(31) = 11.43, p < .001.  The main 

effect of beverage group was found to be non-significant providing support for the 



 

34 

between-beverage-group comparability of each of the three response types.  A 

significant Beverage Group X Response Type interaction was observed, F(2,29) = 3.47, 

p = .045.  Follow-up t-tests provided some indication of disproportionately faster 

responding among alcohol participants (relative to sober) on fast errors and correct 

responses than on slow errors.  However, the mean RT differences between beverage 

groups were relatively small and non-significant for all response types (i.e., mean 

beverage group difference for fast errors = 28 ms, t(30) = 1.35, p = 0.19; mean 

beverage group difference for correct responses = 49 ms, t(30) = 1.37, p = 0.18; mean 

beverage group difference for slow errors = 19 ms, t(30) = 0.29, p = 0.77).  Thus, overall 

results from this analysis indicated that the beverage groups were generally quite 

similar across response type in terms of average RT.  

A second potential concern with regard to classifying errors according to overall 

average correct response RT within participant is that such an approach could have led 

to substantial misclassification if participants became significantly faster with practice 

across trial blocks.  For example, consider classification of four errors with the following 

RTs:  700 ms, 600 ms, 300 ms, 200 ms.  Using the hypothetical overall average correct 

response RT of 450 ms, the first two errors would be classified as slow errors, whereas 

the second two errors would be classified as fast errors.  However, consider the 

implications of classifying errors by the 450 ms overall average if this average resulted 

from a pattern of increasingly faster responding which began at an average of 800 ms in 

block 1 and ended at an average of 100 ms in block 8.  If all four errors occurred in 

block 1, they would all be faster than the average correct response RT (i.e., 800 ms) 

within that task block.  In contrast, if all four errors occurred in block 8, they would all be 

slower than the average correct response RT (i.e., 100 ms) within that task block.  In the 

first case, using the 450 ms overall average would misclassify two of the four errors as 

slow errors.  In the second case, using the 450 ms overall average would misclassify 

two of the four errors as fast errors.   

Ultimately, the degree of misclassification associated with using the overall 

average correct response RT to classify error types depends on two factors:  (a) the 

degree or slope of the reduction in average correct response RT across blocks, and (b) 

the degree of separation of the RTs on error trials around this slope.  For example, 
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using the 450 ms cut-point would result in a perfect classification of the four errors listed 

above if the decrease in RT from block 1 to block 8 was mild (e.g., 500 ms in block 1 to 

400 ms in block 8).  Similarly, even with a large reduction from 1000 ms in block 1 to 

300 ms in block 8, the 450 ms cut-point would result in a perfect classification if all slow 

errors had RTs greater than 1200 ms and all fast errors had RTs less than 100 ms. 

To determine whether or not reduction of RT across trial blocks might have 

posed a potential problem with regard to misclassification of error types, either across 

all participants, or within one of the beverage groups, a Beverage Group X Block (i.e., 

blocks 1 through 8) ANOVA was conducted using average correct response RT as the 

dependent measure.  Results from the analysis yielded a significant main effect of 

block, F(7,24) = 4.52, p = .002.  Decomposition of this effect into orthogonal polynomial 

contrasts revealed a significant linear effect, F(1,30) = 31.68, p < .001, which appeared 

to be the result of recurrent reduction of RT on correct responses among all study 

participants across the 8 task blocks (see Figure 3).  Both the main effect of beverage 

group, F(1,30) = 2.01, p = .167, and the Beverage Group x Block interaction, F(7,24) = 

1.29, p = .295, were found to be non-significant, indicating that alcohol intoxication did 

not produce increased reduction of RTs overall or across blocks.   

 Although the reduction in correct response RT across blocks was viewed to be 

relatively mild (i.e., from a high of 507 ms in block 1 to a low of 407 ms in block 8), given 

the statistical significance of the main effect of Block, misclassification of errors was still 

considered to be a potential concern.  Thus, to address this issue, two separate 

methods were used to classify errors.  The first involved the use of the overall average 

correct response RT for each subject as the cut-point between fast and slow errors (as 

described above).  In the second method, errors were classified “within-block” using the 

average correct response RT for each block as the cut-point between fast and slow 

errors within that block.  This latter method was expected to eliminate any 

misclassification of errors associated with reduction of correct response RT across 

blocks.   

All analyses of psychophysiological and behavioral data were conducted twice – 

once using errors classified by the first method and once using errors classified by the 

second method.  However, the patterns of results that emerged for both 
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psychophysiological and behavioral data were highly consistent across the two error 

classification methods, suggesting that the original error classification method did not 

lead to substantial misclassification of errors.  Thus, for ease of presentation, all results 

reported in this paper are based on the original error classification method (i.e., 

classification of errors by overall average correct response RT). 

 
 
  

Validation of Error Type Classification  
 
As indicated above, ERP data were used to help validate the separation and 

categorization of commission errors into two separate types with distinguishable 

patterns of brain activity and associated cognitive processing.  It was expected that the 

P300 and ERN ERPs would help to demonstrate that the cognitive processes 

underlying fast and slow errors in the n-back working memory task are consistent with 

those outlined above for premature response errors and context processing errors, 

respectively.  Because we had very specific hypotheses about the expected patterns of 

differences in ERP data between various response types (i.e., correct responses, 

correct inhibitions, fast errors, and slow errors), we conducted a series of planned 

comparisons to analyze the ERP data.  This strategy enabled us to test the most 

theoretically meaningful comparisons at conventional alpha levels without “spending” 

the available degrees of freedom on omnibus ANOVA where overall effect tests become 

ambiguous when using independent variables with more than two levels, such as the 

response type variable which has four levels (see Tabachnick and Fidell, 2001, pp. 47-

50).  Results from these planned comparison analyses for the two types of ERPs are 

outlined here.   

 
P300 
 Before conducting the planned comparisons for P300 amplitude, a response 

window in which to examine peak P300 activity had to be identified.  As noted above in 

the methodological discussion of psychophysiological measures, a response window of 

350 ms (i.e., 375 ms – 725 ms post-stimulus onset) was chosen for this purpose.  

Selection of this window was based on visual inspection of the grand average 
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waveforms peaks for each of the four response types which are displayed graphically in 

Figure 4 (for no-alcohol participants) and Figure 5 (for alcohol participants).  Inspection 

of these waveforms indicated the possible presence of a latency shift between the 

peaks for correct inhibitions and fast errors.  Consistent with this observation, a 2 X 2 

Beverage Group X Response Type (i.e., correct inhibitions vs. fast errors) ANOVA 

revealed a main effect of response type, F(1,30) = 17.52, p < .001, indicating that, 

across all participants, the latency to peak on correct inhibitions occurred significantly 

earlier than the latency to peak on fast errors.  The lack of a significant Beverage Group 

X Response Type interaction, F(1,30) = 1.11, p = .301, or main effect of beverage 

group, F(1,30) = 0.48, p = .494, indicated that this latency shift was present within both 

beverage groups.  Thus, the 375 ms – 725 ms response window was selected to 

capture the peaks for both correct inhibitions (mean peak latency across all subjects = 

479 ms) and fast errors (mean peak latency across all subjects = 580 ms).  Latencies to 

peak on the other two responses types of interest (i.e., correct responses and slow 

errors) fell between these two extremes, and thus, were also captured by the 350 ms 

response window. 

Because the response type variable has four levels, there are three degrees of 

freedom for testing effects on P300 amplitude.  Thus, according to the guidelines for 

use of planned comparisons, three orthogonal comparisons can be made without the 

need adjust the within-test alpha level of .05.  For our purposes, we conducted three 

Beverage Group X Response Type planned comparisons on P300 amplitude data.  The 

three response type comparisons were as follows:  (a) correct inhibitions vs. correct 

responses, (b) fast errors vs. correct responses, (c) fast errors vs. slow errors.  The 

selection of these comparisons was based on our specific hypotheses as outlined 

above (see p. 19).      

  For the first planned comparison a significant main effect of response type was 

observed, F(1,30) = 66.91, p < .001, indicating that P300 amplitude was significantly 

larger on correct inhibitions than on correct responses.  A significant main effect of 

beverage group was also observed, F(1,30) = 4.57, p = .041, indicating a general 

“dampening” effect of alcohol on peak P300 activity for both types responses.  However, 

The Beverage Group X Response Type interaction for this comparison was non-
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significant, F(1,30) = 1.80, p =.189, suggesting that alcohol did not have a moderating 

effect on the significant main effect of response type.  Together these results were 

consistent with our hypotheses regarding P300 amplitude and suggest that, on correct 

inhibition trials, participants in both beverage groups were able to effectively identify the 

“2-back-match” nontarget stimuli and accurately inhibit their responses to them. 

For the second planned comparison (i.e., fast errors vs. correct responses) 

significant main effects of response type, F(1,30) = 28.51, p < .001, and beverage group 

were observed, (F1,30) = 7.66, p = .010.  However, these main effects were moderated 

by a significant, unpredicted Beverage Group X Response Type interaction, F(1,30) = 

6.87, p < .014.  To help clarify the meaning of this significant interaction, follow-up t-

tests were conducted within each beverage group to compare mean peak P300 

response between fast errors and correct responses.  Results from these follow-up tests 

indicated that although P300 amplitude was significantly larger on fast error trials than 

on correct responses for both no-alcohol participants, t(15) = 4.61, p < .000, and alcohol 

participants, t(15) = 2.69, p = .017, the difference between the two response types was 

greater for sober individuals than for intoxicated individuals.  Together, these results 

were consistent with our hypotheses in that they indicate that participants in both 

beverage groups displayed at least some ability to identify the inhibitory “2-back-match” 

stimuli (albeit too late given that a response had already been made).  However, an 

unpredicted result was that alcohol participants were significantly less effective at 

identifying these inhibitory stimuli on fast error trials than no-alcohol participants.  Given 

that these P300 waveforms represent averages across several trials, it seems likely 

that, relative to their sober counterparts, intoxicated individuals experienced a greater 

proportion of fast error trials in which they were unable to effectively identify the 2-back 

match.  Such an occurrence could serve to reduce the overall peak P300 amplitude on 

fast error trials among intoxicated participants. 

For the third planned comparison, a significant main effect of response type was 

observed, F(1,30) = 12.00, p = .002, indicating that peak P300 amplitude was 

significantly larger on fast error trials than on slow error trials.  A significant main effect 

of beverage group was also observed, F(1,30) = 8.74, p = .006, again indicating a 

general “dampening” effect of alcohol on peak P300 activity for both types of responses.  
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However, The Beverage Group X Response Type interaction for this comparison was 

non-significant, F(1,30) = 1.34, p =.257, suggesting that alcohol did not have a 

moderating effect on the significant main effect of response type.  Together these 

results indicated that participants in both beverage groups were better able to identify 

the “2-back-match” inhibitory stimuli on fast error trials (despite their premature 

responses to them) than on slow error trials.  This result is consistent with our 

hypothesis that fast errors in the n-back task reflect a failure in inhibitory control despite 

relatively intact processing of contextual information, whereas slow errors stem from a 

loss of contextual information that is needed to guide appropriate responding.   

 
ERN 

As noted above, previous investigations have found the ERN to be a fronto-

centrally generated signal.  Consistent with these past observations, review of the 

current study response-locked ERP waveforms across the four head-sites indicated that 

the most notable ERN deflections were observed at the FCz and Cz head-sites.  

Because results from analyses were highly similar at both of these head-sites, and 

because the ERN literature more commonly refers to Cz than FCz, we report only 

results for the Cz head-site here. 

As with the P300 analyses reviewed above, before conducting the planned 

comparisons for ERN amplitude, a response window in which to examine peak ERN 

activity had to be identified.  Because the ERN is a response-locked ERP, correct 

inhibitions were dropped as a level of the response type variable.  Thus, selection of the 

response window for examination of ERN activity was based on visual inspection of the 

grand average waveform peaks for each of the three remaining response types (i.e., 

correct responses, fast errors, and slow errors) which are displayed graphically in 

Figure 6 (for no-alcohol participants) and Figure 7 (for alcohol participants).  Unlike the 

P300 waveforms, inspection of these waveforms yielded little cause for concern about 

substantial latency shifts across the peaks of the three response types.  Thus, a 

response window of 120 ms (i.e., 0 – 120 ms post-button-press response) was chosen.  

This window seemed sufficient to capture the entire ERN waveform for each of the three 

response types for both beverage groups.   
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Because the Response Type variable now had only three levels, there were only 

two degrees of freedom for testing effects on ERN amplitude.  Thus, as indicated 

above, according to the guidelines for use of planned comparisons, only two orthogonal 

comparisons could be made without the need to adjust the within-test alpha level of .05.  

However, for our purposes, we were still interested in three Beverage Group X 

Response Type comparisons on ERN amplitude data.  The three response type 

comparisons of interest were as follows:  (a) correct responses vs. fast errors, (b) 

correct responses vs. slow errors, and (c) fast errors vs. slow errors.  The selection of 

these comparisons was based on our specific hypotheses as outlined above (see p. 

19).  Given that the number of planned comparisons exceeded the number of available 

degrees of freedom, the α-level for each comparison was set at .0167 to keep the 

overall α-level across the three comparisons at .05. 

  For the first planned comparison a significant main effect of response type was 

observed, F(1,30) = 27.14, p < .001, indicating that, across all subjects, ERN amplitude 

was significantly larger (in the negative direction) on fast errors than on correct 

responses as expected.  The main effect of beverage group was clearly non-significant, 

F(1,30) = 0.76, p = .785, whereas the Beverage Group X Response Type interaction for 

this comparison approached significance, F(1,30) = 4.61, p =.040, but did not reach the 

.0167 α-level set for this comparison.   

For the second planned comparison (i.e., slow errors vs. correct responses) a 

significant main effect of response type was observed, F(1,30) = 20.85, p < .001, 

indicating that, across all subjects, ERN amplitude was significantly larger (in the 

negative direction) on slow errors than on correct responses as expected.  Similar to the 

previous comparison, the main effect of beverage group was clearly non-significant, 

F(1,30) = 0.38, p = .848, whereas the Beverage Group X Response Type interaction for 

this comparison approached significance, F(1,30) = 4.61, p =.049, but did not reach the 

.0167 α-level set for this comparison.   

For the third planned comparison, the main effect of response type was found to 

be non-significant, F(1,30) = 0.33, p = .569, indicating that, across all participants, peak 

ERN amplitude did not differ between fast error and slow error trials.  The Beverage 

Group X Response Type interaction for this comparison was clearly non-significant, 
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F(1,30) = 0.13, p = .911, whereas the main effect of beverage group approached 

significance, F(1,30) = 4.04, p =.054, but did not reach the .0167 α-level set for this 

comparison.   

Together, the results from this series of comparisons failed to demonstrate the 

patterns of predicted differences between error types outlined by either the error 

detection theory or the response conflict theory.  Specifically, although ERN was larger 

(i.e., more negative) on both types of error trials than on correct response trials, no 

differences in ERN amplitude were found between the two types of errors.  This result is 

contrary to the error detection theory which predicted large amplitude on fast error trials 

and only moderate-sized ERN responses on slow error trials.  It is also at odds with the 

response conflict theory which predicted large ERN amplitude on slow error trials and 

minimal or non-existent ERN (i.e. comparable to correct error trials) on fast error trials.  

Thus, initial review of these results might seem to suggest that the ERN data serve to 

invalidate the classification of error types by RT.  However, a more detailed 

consideration of the current study ERN data in the context of error detection theory, 

seems to challenge this conclusion.  Specifically, there appear to be indications that the 

failure to observe differences in ERN between error types may actually be the result of 

the substantial P300 latency shift observed on fast error trials.  Evidence for this 

possibility is reviewed here. 

Interpretation of the lack of error type differences in ERN amplitude.  In the 

Scheffers and Coles (2000) study, which used a Flanker task rather than an n-back 

task, ERN amplitude was approximately -10 µVs on premature response errors (i.e., 

fast errors) and roughly -6 µV on context processing errors (i.e., slow errors).  These 

researchers argued that the large ERN (i.e., -10 µVs) on premature response errors 

reflected a perfect mismatch between adequate representations of the appropriate 

response and the actual response that was made.  In contrast, they suggested that the 

moderate ERN (i.e., -6 µVs) on context processing errors reflected partial mismatches 

between an adequate representation of the actual response and an inadequate 

representation of the appropriate response. 

In the current study, average peak ERN amplitudes were roughly -4 to -6 mV for 

both types of errors in both beverage groups.  Thus, in the current study, ERN 
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amplitude for both types of errors seems to “behave” like that of the context processing 

errors in the Scheffers and Coles (2000) study.  This would suggest that at the time that 

the ERN occurs for both error types in the current study, information about the 

appropriate response was unavailable.  Importantly, P300 data can provide information 

about the time-course in which nontarget inhibitory stimuli are identified (and, thus 

representations of the appropriate response are formed).  Thus, superimposing visual 

markers of the RTs and ERN peaks for the two error types onto a P300 graph, should 

help to confirm the extent to which participants in the current study possessed 

inadequate representations of the appropriate response at the time that the ERN 

occurred.   

Figures 8 and 9 present such graphs for the current study no-alcohol and alcohol 

groups, respectively.  Within these graphs there are two vertical lines for each of the 3 

response types (i.e., fast errors, correct responses, and slow errors).  The first of the 

two vertical lines for each response type indicates the average RT for that type of 

response.  The second of the two vertical lines represents the average time point at 

which ERN peaked for that type of response.  Review of these figures indicates that at 

the time point when the ERN peaks on fast error trials (i.e., the second yellow vertical 

line), there is only a minimal elevation (i.e., 1 to 2 mV) on the fast error P300 waveform 

relative to the correct response P300 waveform.  This suggests that, although detection 

of the inhibitory stimulus is perhaps beginning to occur, full determination of the 

appropriate response has likely not yet occurred.  This is similar to what is seen on slow 

errors, where there was also little, if any separation from the correct response P300 

waveform.  Thus, it would seem that for both error types, this inadequate representation 

of the appropriate response partially mismatches with the adequate representation of 

the actual response and the resultant ERN on both fast and slow error trials is only 

moderate (i.e., -4 or -6 mV) in amplitude.  

Based on these considerations, it can be inferred that the magnitude of the P300 

latency shift on fast error trials (relative to correct inhibition trials) has important 

implications for the ERN amplitude on fast errors.  The longer the P300 latency shift is, 

the smaller the ERN amplitude will be, because of the insufficient amount of information 

that will be available about the nontarget inhibitory stimulus and appropriate response.  
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In this case, the ERN would be expected to appear similar to that observed on slow 

error trials.  As this P300 latency shift decreases, more information about the nontarget 

inhibitory stimulus and the associated appropriate response representation should be 

available, and thus, the ERN amplitude on fast error trials should be larger, particularly 

in comparison to slow error trials, as was the case for premature response errors in the 

Scheffers and Coles (2000) study.  Thus, it would seem that, in the current study, the 

lack of differences in ERN does not necessarily invalidate the classification of errors by 

RT, but instead may be the result of a substantial delay in contextual processing that 

occurs within the n-back task on fast errors, as evidenced by the significant P300 

latency shift on such trials. 

 
 
 

Examination of Beverage Effects on Compensatory Behavior 
 
A number of prior studies using speeded response tasks have demonstrated a 

tendency for participants to slow responding on trials immediately following the 

occurrence of an error when the participants were aware that the error occurred 

(Gehring, et al., 1993; Gehring, et al., 1995; Laming, 1968, Rabbitt, 1968).  This slowing 

behavior is believed to reflect compensation for the error defined as:  “Any process that 

operates to minimize the likelihood of future errors, e.g. by correcting faulty biases and 

strategies” (Gehring et al., 1995, p. 271).  The extent of the compensatory slowing on 

subsequent trials has also been shown to be proportional to the level of awareness of 

the error (Gehring, et al., 1995).   

This latter finding has important implications for helping to understand the 

disproportionate increase in fast errors (relative to slow errors) among intoxicated 

participants in the current study.  Specifically, as reported above, psychophysiological 

analyses indicated a significant decrease in P300 amplitude on fast error trials among 

intoxicated participants.  This finding suggests that alcohol impaired abilities to 

effectively recognize the nontarget “inhibitory” stimuli on such trials and to discriminate 

them from those stimuli that call for an active response.  With this reduced 

discriminative ability, intoxicated participants were likely less aware that they made an 

error on such trials.  Within the current study, a finding of reduced compensatory 
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slowing on correct responses immediately following fast error trials would lend further 

support for the notion that intoxicated participants were less aware of their erroneous 

behavior on such trials.  This possibility is examined below.  In addition, we examined 

compensatory behavior on slow errors – an issue that has not been addressed in the 

extant research literature.  However, counter to the slowing that has been observed on 

trials subsequent to fast errors, we expected that, after slow errors, as participants 

compensate by increasing cognitive control and re-focusing attention on the task at 

hand, there should be a decrease (i.e., a speeding) in response time. 

To examine these possibilities, we compared RTs on fast and slow error trials to 

RTs on correct responses immediately following them.  Cases in which fast or slow 

error trials were followed by any response type other than a correct response were 

excluded from these analyses.  Rates of fast and slow errors meeting this criterion were 

comparable between the two beverage groups (i.e., percent of trials meeting this 

criterion for fast errors = 85% for no-alcohol participants and 82% for alcohol 

participants; percent of trials meeting this criterion for slow errors = 87% for no-alcohol 

participants and 83% for alcohol participants).   

Using RT as the dependent measure, the first Beverage Group X Response 

Type (i.e., fast errors vs. correct responses immediately proceeding fast errors) ANOVA 

yielded a significant main effect of response type, F(1,30) = 97.04, p < .001.  This result 

indicated that, across all study participants, significant compensatory slowing was 

observed on correct responses immediately following fast errors.  The main effect of 

beverage group was found to be non-significant, F(1,30) = 3.26, p = .081.  However, a 

significant Beverage Group X Response Type interaction was observed, F(1,30) = 4.35, 

p = .046.  Follow-up t-tests indicated that although both no-alcohol, t(30) = 7.05, p < 

.001, and alcohol participants, t(30) = 7.29, p < .001, displayed significant compensatory 

slowing, the magnitude of the slowing in RT between the fast error trials and the 

subsequent correct responses was significantly greater for no-alcohol participants (i.e., 

mean slowing = 135.67 ms) than for alcohol participants (i.e., mean slowing = 88.29 

ms).  Thus, this result is consistent with the conclusion stemming from the P300 data 

that intoxicated participants were less able to effectively identify nontarget inhibitory 

stimuli, and therefore, were less certain or aware of the error’s occurrence on fast error 
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trials.  With reduced awareness of the error, intoxicated individuals were then less likely 

to engage in compensatory slowing behavior. 

The second Beverage Group X Response Type (i.e., slow errors vs. correct 

responses immediately proceeding slow errors) ANOVA yielded a significant main effect 

of response type, F(1,30) = 37.11, p < .001.  As expected, this result indicated that 

participants across beverage groups became faster on correct responses immediately 

proceeding slow errors as they compensated for their processing deficits on such errors 

(i.e., across all study participants, mean RT on slow errors = 634.56 ms and mean of 

correct responses immediately proceeding slow errors = 544.53 ms).  The main effect of 

beverage group, F(1,30) = 0.42, p = .521, and the Beverage Group X Response Type 

interaction, F(1,30) = 0.30, p = .589, were both non-significant indicating that alcohol did 

not moderate compensatory behavior after slow errors the way it did following fast 

errors.   
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DISCUSSION 
 
 
 
 

The primary aim of the current study was to use RT and ERP data to aid 

investigation of the possibility that alcohol intoxication may lead to behavioral 

dysregulation through multiple cognitive pathways.  We specifically hypothesized that 

alcohol would increase the likelihood of two commission errors subtypes – one 

reflecting impaired response inhibition processes, and the other reflecting interference 

with the processing of task-relevant contextual information necessary for guiding 

appropriate behavioral choices.  To our knowledge, this was the first study to investigate 

the effects of alcohol on commission error subtypes, and to use psychophysiological 

measures to help clarify alcohol’s effects on the cognitive processes that produce them.   

With these aims in mind, a variant of the n-back working memory task was used 

to create a prepotent inclination to respond in the presence of cognitively complex 

contextual information.  Together, these two features placed high demands on the 

response inhibition and contextual processing components of the cognitive control 

construct.  Within the context of this task, RT data were used to separate fast and slow 

commission errors with concurrent ERP (i.e., P300 and ERN) data collected to 

determine whether brain activity relevant to cognitive processing and underlying the two 

types of errors was consistent with the patterns outlined in previous research for 

premature response errors and context processing errors.  P300 data provided strong 

support for this assertion.  Specifically, fast commission errors were typically 

accompanied by the identification of the nontarget inhibitory stimulus (as evidenced by 

elevations in P300 amplitude) which occurred only after the response had been made.  

In fact, such errors seemed to be the result of early behavioral responding and delayed, 

but generally adequate stimulus evaluation.  In contrast, no elevations in P300 

amplitude were observed during slow commission errors, suggesting that interference 
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with contextual processing prevented adequate identification of the nontarget inhibitory 

stimulus.  Thus, these results demonstrated that distinct cognitive processes were 

associated with the two error subtypes.  

Although ERN was clearly present during errors of both types, it was not useful in 

distinguishing the two error subtypes.  Amplitudes for both fast and slow commission 

errors were comparable to those seen for context processing errors in the Scheffers and 

Coles (2000) study.  The response conflict theory of the ERN offered no insights into the 

possible reasons for this pattern of results.  However, the error detection theory of the 

ERN seemed to provide a highly plausible explanation for the level of ERN amplitude 

observed during both error types and the lack of differences between them.  

Specifically, the moderate size of the ERN responses observed for both errors in the 

current study suggested that, when the ERN occurred, participants were only aware that 

an error may have been made.  Examination of the time-course of the ERN in relation to 

the P300 waveform suggested that the latency shift in P300 on fast error trials likely left 

participants with an uncertain or inadequate representation of the appropriate response 

at the time the ERN occurred.  Such uncertainty would be similar to that observed on 

slow error trials, thereby explaining the similarity in ERN between the two types of 

errors.  Thus, although the ERN data were not useful in distinguishing the two error 

types of interest, they did not appear to invalidate the classification of error types by RT.   

As expected, results from behavioral analyses indicated that alcohol significantly 

increased the rate of both fast and slow commission errors.  This provided support for 

the notion that alcohol-induced behavioral dysregulation in the form of perseverative 

commission errors can emerge through at least two distinct cognitive pathways, one  

involving reduced inhibitory control and the other based on impairment in cognitive 

processing.  More importantly, this finding highlights the need to refine and/or merge 

unidimensional theories that emphasize only one of these pathways while ignoring the 

other.  In isolation, such theories can account for only a portion of the dysregulated 

behavior that occurs during intoxication, whereas a theory recognizing and incorporating 

both pathways provides a more comprehensive overview of how, and under what 

circumstances alcohol will produce dysregulated behavior.  Cohen’s cognitive control 

theory appears to provide a more comprehensive, yet parsimonious explanation for 
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alcohol’s dysregulating effects and for the variability of such effects across different 

situations.  Specifically, the theory clearly specifies the contextual conditions under 

which control over response inhibition is most necessary to promote contextually 

appropriate behavior, as well as those under which control over contextual processing is 

most critical.  Thus, in doing so, the theory provides indications of where and when the 

effects of alcohol should be most pronounced.  An added benefit in the use of cognitive 

control theory to account for alcohol’s dysregulating effects, is that the 

neurophysiological structures underlying this system have been heavily researched 

(Carter et al., 1999; Cohen et al., 1994; Cohen et al., 1997; MacDonald et al., 2000).  

Therefore, the theory offers potential for understanding not only the cognitive 

mechanisms underlying alcohol’s dysregulating effects, but also for increasing 

knowledge about the biological structures that are adversely impacted by alcohol.  This 

represents an advantage over previous unidimensional theories of impaired response 

inhibition (e.g., Fillmore & Vogel-Sprott, 1999) or cognitive processing (e.g., Steele & 

Josephs, 1990) which have failed to address the issue of underlying biological 

mechanisms.     

One unexpected finding from the current study was that alcohol’s exacerbating 

influence on the frequency of commission errors was greater for fast errors than for slow 

errors.  This result was inconsistent with preliminary data from the Casbon et al. (2002) 

study which indicated that slow errors might be more common than fast errors during 

alcohol intoxication (though not significantly so).  The reasons for this difference 

between studies are not entirely clear.  However, it is possible that it may have occurred 

as a result of methodological changes that were made in the current study to help 

generate a sufficient number of errors to enable averaging of the ERP responses across 

error trials.  One of these changes was the inclusion of feedback regarding average RT 

at the end of each task block.  The effect of this feedback may have been to increase 

the rate of fast errors by encouraging participants to focus more heavily on responding 

quickly than they did in the Casbon et al. (2002) study which included only accuracy 

feedback.  Additionally, in the current study, trial blocks consisted of 100 individual letter 

stimuli presented over a 4- to 5-minute time span instead of only 20 stimuli presented 

over a 1-minute time period.  The effect of the longer trial block may have been to 
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increase the strength of the prepotent inclination to respond, thereby requiring greater 

cognitive effort to effectively inhibit it during nontarget inhibitory trials.  

Within the current study, P300 and compensatory behavioral data provided 

evidence that may also help to explain the disproportionate increase in fast errors 

relative to slow errors during alcohol intoxication.  Specifically, in addition to the 

premature responding and delayed contextual processing that tended to produce fast 

errors even in sober participants, intoxicated participants also appeared to experience a 

reduction in context processing abilities on fast error trials.  Sober participants appeared 

to effectively identify the nontarget inhibitory stimulus on such trials, and, thus, probably 

experienced a high level of awareness and certainty that an error had been made.  

Given this awareness, they were inclined to follow fast error trials with significant 

compensatory slowing in an apparent effort to reduce the likelihood of errors due to 

premature response selection before contextual processing could be completed.  In 

contrast, intoxicated individuals appeared to be less effective at recognizing the 

nontarget inhibitory stimulus on fast error trials, thereby decreasing their awareness and 

certainty about whether an error had been made.  With this reduced level of awareness, 

intoxicated participants displayed a reduced level of compensatory slowing following 

fast error trials, which likely enhanced their chances of making additional fast errors on 

subsequent trials, relative to rates observed for sober participants.   

One important question that emerges from these findings is how or why 

intoxicated participants displayed reductions in context processing abilities on fast error 

trials.  One possibility is that under alcohol intoxication, the processing of the premature 

behavioral response itself may have interfered with the maintenance of contextual 

information (i.e., prior stimuli) in working memory.  Prior studies have clearly 

demonstrated that alcohol significantly impairs one’s ability to focus attention on 

peripheral cues or information when salient competing stimuli are presented 

concurrently (e.g., Curtin, Lang, Patrick, & Stritzke, 1998; Curtin, Patrick, Lang, 

Caccioppo, & Birbauer, 2001).  In the case of fast errors, recognition of the incorrect 

sequence of response and information processing (i.e., response before processing is 

complete rather than allowing processing to guide the response) and the potential it 

creates for increasing errors may have distracted attention of intoxicated participants 
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away from rehearsal of information in working memory.  This interference with rehearsal 

could then have led to a loss of information about prior stimuli and thereby prevented 

detection of the nontarget stimulus and impeded determination that the appropriate 

behavioral response was to inhibit the button press.  In this case, participants would 

have been left in a state of confusion and uncertainty about the accuracy of their 

response. 

A second, related possibility is that the interference on such trials led intoxicated 

participants to develop inaccurate representations of prior stimuli in working memory.  In 

this case, intoxicated participants may have mistakenly believed that the current 

stimulus did not match the stimulus two trials back, leaving them with no awareness that 

an error was made.      

A third possibility is that the high frequency of stimuli requiring active responses 

may have “lulled” intoxicated participants into periods of automatic responding to the 

mere presentation of the letter stimulus rather than active determination of which action 

to take based on controlled processing of the current and two-back stimuli.  This would 

not be entirely unexpected as numerous studies have demonstrated a reduction in 

controlled processing and an over-reliance on automatic processing during acute 

alcohol intoxication (Fillmore et al., 1999; Grattan & Vogel-Sprott, 2001; Kirchner & 

Sayette, 2003; Tracy & Bates, 1999).  This would also be consistent with other theories 

and empirical data that have linked disinhibited behavior in non-intoxicated populations 

to a failure to pause and reflect on information that could be used to make adjustments 

in behavioral strategies (e.g., Newman, Patterson, Howland, & Nichols, 1990; Nichols & 

Newman, 1986). 

 
  
 

Study Limitations and Directions for Future Research  
 
 Despite the novel insights this study offered regarding the cognitive mechanisms 

underlying alcohol-induced behavioral dysregulation, there were some methodological 

limitations that could be addressed in future studies to clarify and advance 

understanding on this topic.  First, although the current study was designed to place 

high demands on both the response inhibition and context processing components of 
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the cognitive control construct, no attempt was made to systematically manipulate the 

level of demand on each of these components.  Doing so could help to address some of 

the questions that emerged from the present study.  For example, varying the rate of 

required response to either create or prevent development of a prepotent response 

inclination would help to clarify whether or not an alcohol-induced increase in fast errors 

occurs only in the presence of a prepotent inclination.  A manipulation of this type could 

be implemented by including both an 80% respond / 20% inhibit condition and a 50% 

respond / 50% inhibit condition.  Similarly, inclusion of both a simple “one-back” 

condition and a complex “two-back” condition could help to clarify whether or not the 

alcohol-induced increase in slow errors was specific to cognitively complex contexts as 

one would expect.  Inclusion of a one-back condition could also help to determine 

whether or not the fast error deficit in context processing observed among intoxicated 

participants in the current study was specific to the two-back condition.  Assuming that 

cognitive load contributes to this deficit, one would expect to observe greater 

comparability between beverage groups in P300 elevations on fast errors under one-

back conditions.  Under such circumstances, one might also expect to observe greater 

comparability between beverage groups in compensatory slowing after the commission 

of fast errors, and similar rates of fast errors as well.     

 In addition to manipulation of response prepotence and the cognitive complexity 

of contextual information, a number of additional methodological variations could be 

made to further clarify the cognitive processes underlying alcohol’s increases in the two 

commission error subtypes.  For example, the n-back task used in the present study 

represents a form of go/no-go task with one active behavioral response option (i.e., to 

respond with a button press), and one passive option (i.e., to withhold or inhibit the 

button press response).  Recent research supports the notion that activation in the 

“response” channel and activation in the “inhibitory” channel compete to determine 

which response will ultimately be selected (see Jones et al. 2002).  However, use of a 

two-alternative forced choice task would facilitate examination of the competition 

between two response options and how this might vary as a function of beverage group 

and error type across simple and complex contextual conditions and in the presence or 

absence of a prepotent response inclination.  Such tasks are similar to go/no-go tasks in 
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that certain task stimuli are assigned to one response option (e.g., a right-handed 

response) and other task stimuli are assigned to the other response option (e.g., a left-

handed response).  Recent computational modeling has demonstrated comparability of 

brain activation and associated behavioral outcomes between one-choice go/no-go 

tasks and two-alternative forced choice tasks (Jones et al., 2002).  However, one 

advantage of a task involving two different overt response options (e.g., a right-hand 

response and a left-hand response) is that the level of response competition can be 

measured by simultaneously recording the level of electromyographic (EMG) activity in 

each forearm during the response period following stimulus presentation (Coles, 

Gratton, Bashore, Eriksen & Donchin, 1985; Eriksen, Coles, Morris, & O’Hara, 1985).  

High levels of EMG activity in both arms would indicate high levels of response 

competition, whereas a high level of activity in only one arm would indicate that 

response competition was low.  An alternative, but similar method is to provide 

participants with two zero-displacement dynamometers (one for each hand) and 

simultaneously measure the force of the squeeze response in each hand occasioned by 

the presentation of a given stimulus that is linked to one of the two response options 

(Scheffers and Coles, 2000).   

An additional advantage of two-alternative forced choice tasks over go/no-go 

tasks is that they allow participants the opportunity to “correct” erroneous responses.  

For example, in cases where the individual recognizes that a response was in error, 

s/he can subsequently correct the error by pressing the button or squeezing the 

dynamometer corresponding to the correct response option.  This can provide an 

additional measure of error detection and compensation.  In the current one-choice 

go/no-go study, once a button-press response was made, there was no way for 

participants to correct the error, even if they recognized that an error had been made.  

Inclusion of two active response options and an opportunity to correct errors would have 

provided another indicator of the extent to which intoxicated participants in the current 

study failed to recognize their erroneous behavior on fast error trials.  Specifically, 

reduced error-correcting behavior among intoxicated individuals on fasts errors would 

have supported the conclusion that they were less likely than their sober counterparts to 

recognize that they had made such errors.   
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To help further specify the cognitive processes underlying fast and slow 

commission errors, one psychophysiological measure of response competition that 

could also be included within the context of a two-alternative forced choice task is the 

lateralized readiness potential or LRP (Gratton, Coles, Sirevaag, Eriksen, & Donchin, 

1988).  This is a negative ramp-like potential that occurs several hundred milliseconds 

prior to the execution of a response and peaks just after the onset of response.  It is 

observed in the hemisphere contralateral to the hand in which the response is made 

(Kutas & Donchin, 1980).  Recording of this potential could be accomplished easily 

without altering the basic methodology used in the current study by simply obtaining 

measurements from the C3 and C4 electrodes sites, which are located just to the left 

and right of Cz, respectively.  Calculation of the LRP amplitude could then be achieved 

through use of an average difference score between the scalp potential contralateral 

and the scalp potential ipsilateral to the responding hand (e.g., C3 - C4 for right-handed 

responding).  According to Gratton et al. (1988) one use of the LRP is as a measure of 

pre-existing or primed activation in a given response channel (perhaps due to the high 

frequency with which the response is practiced) prior to stimulus presentation.  

Consistent with our own conclusions regarding fast errors, these researchers suggest 

that when a given response channel is highly primed, small increases in activation that 

occur as a result of the mere stimulus presentation, may be enough to elevate the 

activation level above threshold and trigger a response.  Gratton et al. (1988) also 

indicate that the LRP can be used as a measure of post-stimulus activation in response 

channels that occurs as a result of processing contextual stimuli.  Thus, the LRP could 

present another useful psychophysiological measure for demonstration of differing 

patterns of brain activity across various response types such as those identified in the 

current study.  For example, a significantly larger pre-stimulus LRP associated with the 

incorrect hand-response would be expected on fast errors than on correct inhibitions or 

slow errors.  With regard to post-stimulus activation, one would expect a large LRP to 

be associated with the correct hand-response during correct response trial, whereas 

any notable LRP would be unlikely on slow errors due to the simultaneous, unresolvable 

competing activation in both response channels that would stem from interference with 

contextual processing.  In this case, the LRP would not occur because the activation in 
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one response channel would “cancel out” the activation in the other when difference 

scores were calculated.     

 At least one study to date has examined the effects of alcohol on the LRP using 

a cognitively simple go/no-go paradigm.  In it, participants were required to press a 

button when previously memorized words were presented and to inhibit the button press 

when novel words were presented (Marinkovic, et al., 2000).  Results indicated that an 

LRP was only observed among sober participants during “go” trials, whereas an LRP 

occurred during both “go” and “no-go” trials for intoxicated participants.  The authors 

concluded that the LRPs on “no-go” trials were elicited automatically upon stimulus 

onset among the intoxicated participants.  They interpreted this to reflect “an 

inappropriate premature response preparation based on insufficient and preliminary 

stimulus analysis which may be indicative of impulsive and hasty responding under the 

influence of alcohol,” (Marinkovic, et al., 2000, p. 29). This interpretation is remarkably 

similar to that provided in the current study for fast errors (i.e., premature response 

errors).  It is recommended that future studies of alcohol and LRP include a cognitively 

complex condition to help demonstrate differences in LRP pattern between fast and 

slow errors during alcohol intoxication.   

 
 
 

Conclusion 
 

The results from the current study provide strong evidence that acute alcohol 

intoxication can produce dysregulated behavior by impairing either of two distinct 

processes within a cognitive control system.  This outcome lends support both to 

theories that have attributed intoxicated behavioral dysregulation to reduced response 

inhibition and also to separate theories that have implicated impaired cognitive 

processing in producing such behavioral effects.  Importantly, the results from this study 

strongly indicate the need to merge these theories to provide a more comprehensive 

description of how alcohol increases the likelihood of dysregulated behavior, and we 

believe Cohen’s theory of cognitive control provides a useful framework for doing so.   

Nonetheless, we do not argue that alcohol-induced impairment within this system 

will always produce both premature response errors and context processing errors.  On 
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the contrary, we agree strongly with the conclusions of previous researchers that the 

psychosocial and cognitive effects of alcohol can be highly variable across individuals 

and situational contexts (Hull, 1987; Sayette, 1993; Steele & Josephs, 1988).  Thus, 

although the current study demonstrated alcohol-induced increases in each of the two 

commission error subtypes, other cognitive tasks with different features and demands 

might produce only one of these subtypes or implicate other processes.  Accordingly, 

perhaps the most crucial implication stemming from the current study is that future 

investigations of alcohol’s impact on behavioral dysregulation must consider and take 

steps to assess multiple commission error subtypes, and systematically analyze 

alcohol’s effect on each of them when more than one type is present.  A failure to do so 

could serve to “muddy” interpretations of differences or similarities between beverage 

groups, and ultimately could lead to erroneous conclusions about the behavioral 

dysregulating effects of alcohol.  Fortunately, the availability of a number of different 

task paradigms, behavioral measures, and psychophysiological indices should facilitate 

identification and analysis of various commission error subtypes in future studies.  In the 

preceding section we sought to outline how some of these could be used to address 

limitations of the current study and build upon it.  We are confident that application of 

such methodological tools in future research will serve to enhance our knowledge and 

understanding of the cognitive mechanisms underlying alcohol-induced behavioral 

dysregulation.   



 

56 

ENDNOTES 
 
 
 
 

1
  The procedure used to determine alcohol dosage in the present study was developed using formulae 

available from Watson (1989).  It is predicated on the assumption that to reach a target BAL, the alcohol 
dose to be administered is a function of the participant’s height, weight, age, gender, Total Body Water 
(TBW), duration of the drinking period (DDP), time to peak BAL (TPB), and alcohol metabolism rate (MR).   
More specifically:   
 

Alcohol dose (g) = (10 + BAL + TBW)/0.8 + 10*MR*(DDP +TPB)*(TBW/0.8). 
 

We used 0.015 g/100 ml/hr as the average metabolism rate for all participants.  In addition we assumed 
that participants reached their peak BAL at 0.5 hr after cessation of drinking.  TBW was determined 
separately for men and women using gender-specific regression equations provided by Watson: 
 

Men’s TBW = 2.447 – 0.09516*age + 0.1074*height (in cm) + 0.3362*weight (in kg) 
Women’s TBW = -2.097 + 0.1069*height (in cm) + 0.2466*weight (in kg) 

 
 
2
  The decision to use a no-alcohol, as opposed to a placebo, comparison group was a reasoned one.  

Specifically, because this is the first study to experimentally examine the effects of alcohol intoxication on 
differences in the frequency of fast and slow errors, we felt that use of an extreme-groups design is 
justified.  Basically, we first wanted to demonstrate that there is an effect unique to the interaction 
between alcohol before turning to a more fine-grained analysis of its underlying causal mechanism (i.e., 
expectancy vs. pharmacology).   
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Table 1 
 
Distinguishing Characteristics of the Two Commission Error Subtypes 
 

Error 
Type 

Conditions 
Increasing 
Likelihood 

of Error 
Occurrence 

Aspect of 
Cognitive 

Control That 
Failed 

Recognition  
of 

Appropriate 
Response 

Subjective 
Certainty 
That An 

Error 
Occurred 

RT 
(Relative 

to Correct 
Response 

Trial) 

P300 
Amplitude 

ERN 
Amplitude 
(Based on 

Error 
Detection 
Theory) 

ERN 
Amplitude 
(Based on  
Response 
Conflict 
Theory) 

 
Premature 
Response 
Error 
 
(Fast 
Errors) 

Presence of 
prepotent 
competing 
response 
option(s) 

Inhibitory 
control over 
premature 
selection of the 
prepotent 
response 
 

Occurs, but 
only after 
selection of 
the 
inappropriate 
response 

Certain Shorter 
(Faster) 

Large 
(relative to 
context 
processing 
errors) 

Large 
(relative to 
context 
processing 
errors and 
correct 
responses) 
 

Small or 
non-existent 
(relative to 
context 
processing 
errors; 
similar in 
amplitude to 
correct 
responses) 
 

Context 
Processing 
Error 
 
(Slow 
Errors) 

High 
complexity in 
stimulus-
response 
relations 

Control over 
maintenance, 
manipulation, 
updating, and 
retrieval, of 
representations 
of task stimuli, 
goals, and 
instructions 
 

Does not 
occur – 
important 
information is 
unavailable 

Uncertain Longer 
(Slower) 

Small 
(relative to 
premature 
response 
errors) 

Smaller 
than 
premature 
response 
errors, but 
larger than 
correct 
responses  

Large 
(relative to 
premature 
response 
errors and 
correct 
responses) 
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Table 2 

Individual Difference Measures by Beverage Group 

             
Measure    No-Alcohol  Alcohol 
             
 
Demographic Information 

Age (years)   21.3 (1.6)  22.3 (1.3) 
 
Gender 

Female   50% (n=8)  50% (n=8) 
Male    50% (n=8)  50% (n=8) 

 
Race 

Caucasian   75% (n=12)  82% (n=13) 
African American  13% (n=2)  6% (n=1) 
Hispanic   6% (n=1)  6% (n=1) 
Other    6% (n=1)  6%(n=1) 

 
Smoking Status 

Non-smoker   63% (n=10)  63% (n=10) 
Smoker   37% (n=6)  37% (n=6) 

 
 
Drinking History 

Frequency (occasions/week) 1.9 (1.2)  2.3 (1.5) 
Quantity (drinks/occasion) 4.7 (3.0)  4.0 (1.4) 
Drinks/week   9.5 (7.2)  9.7 (7.8) 

 
 
SMAST scores 

Self    0.9 (1.1)  1.1 (1.4) 
Father    1.4 (0.7)  1.3 (0.8) 
Mother    1.3 (0.4)  1.3 (0.5) 

 
 
Drinking Motives 

Sociability   15.4 (6.2)  12.7 (3.8) 
Enhancement   13.7 (5.7)  12.9 (4.3) 
Coping    7.7 (4.9)  7.2 (3.0) 
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Table 2 continued 
             
Measures    No-Alcohol  Alcohol 
             
 
CPI (So)    19.6 (4.6)  18.8 (6.4) 
 
 
SSS  

Disinhibition   5.1 (2.4)  4.9 (2.6) 
Boredom Susecptibility  3.8 (1.7)  3.3 (2.5) 
Thrill & Adventure Seeking 7.4 (2.8)  7.8 (2.7) 
Experience Seeking  5.4 (1.9)  5.4 (2.6) 
Total    21.7 (5.4)  21.5 (8.4) 

 
 
EPQ 
 Lie     4.2 (1.9)  3.8 (2.2) 
 Extraversion   10.0 (2.2)  10.1 (2.4) 
 Neuroticism   3.9 (2.8)  3.8 (3.8) 
 Psychoticism   2.2 (1.3)  2.3 (2.2) 
 
 
Y-BOCS 

Obsessions   4.1 (3.7)  4.9 (3.9) 
Compulsions   2.9 (3.8)  3.9 (3.9) 
Total    7.1 (6.8)  8.9 (7.3) 
 
 

PANAS 
Positive Affect   33.5 (8.9)  36.6 (6.0) 
Negative Affect   19.7 (8.2)  19.6 (8.9) 

 
 
Digits Backward   8.9 (2.5)  8.3 (2.0) 
             
 
NOTE:  MEAN (SD) unless otherwise indicated.  

  No significant differences were observed between beverage groups at p < .05 
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Table 3 

Individual Difference Measures by Gender 

 
             
Measure    Female  Male 
             
 
Demographic Information 

Age (years)   21.7 (1.8)  21.8 (1.4) 
 

Race 
Caucasian   88% (n=14)  69% (n=11) 
African American  0% (n=0)  19% (n=3) 
Hispanic   6% (n=1)  6% (n=1) 
Other    6% (n=1)  6%(n=1) 

 
Smoking Status 

Non-smoker   56% (n=9)  69% (n=11) 
Smoker   44% (n=7)  31% (n=6) 

 
 
Drinking History 

Frequency (occasions/week) 1.8 (1.2)  2.3 (1.5) 
Quantity (drinks/occasion) 4.0 (1.8)  4.7 (2.8) 
Drinks/week   8.3 (6.1)  10.9 (8.4) 

 
 
SMAST scores 

Self    0.9 (1.2)  1.1 (1.3) 
Father    1.2 (0.5)  1.5 (0.9) 
Mother    1.1 (0.3)  1.4 (0.5) 

 
 
Drinking Motives 

Sociability   12.8 (4.5)  15.3 (5.7) 
Enhancement   13.2 (5.0)  13.3 (5.1) 
Coping    7.4 (2.9)  7.4 (4.9) 
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Table 3 continued 
             
Measures    Female  Male 
             
 
CPI (So)*    17.2 (5.7)  21.1 (4.7) 
 
 
SSS  

Disinhibition   4.4 (2.2)  5.7 (2.6) 
Boredom Susecptibility  3.5 (2.1)  3.6 (2.3) 
Thrill & Adventure Seeking 7.4 (2.8)  7.8 (2.7) 
Experience Seeking  4.8 (1.9)  6.1 (2.4) 
Total    20.1 (6.1)  23.1 (7.5) 

 
 
EPQ 
 Lie     4.5 (1. 5)  3.4 (2.3) 
 Extraversion   10.9 (1.7)  9.2 (2.5) 
 Neuroticism   4.4 (3.6)  3.4 (2.9) 
 Psychoticism   1.6 (1.3)  2.9 (2.0) 
 
 
Y-BOCS 

Obsessions   5.1 (4.0)  4.0 (3.6) 
Compulsions   4.1 (4.0)  2.8 (3.8) 
Total    9.1 (7.4)  6.8 (6.6) 
 
 

PANAS 
Positive Affect   35.0 (8.0)  35.1 (7.5) 
Negative Affect   20.1 (8.8)  19.3 (8.3) 

 
 
Digits Backward   8.4 (2.1)  8.7 (2.5) 
             
 
NOTE:  MEAN (SD) unless otherwise indicated. * p < .05 
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Table 4 

 

Blood Alcohol Level (BAL) Across Time for Alcohol Group 
      _ 
Time    BAL (g/100 ml) 
      _ 
Arrival at Lab   0.000 (0.000) 
Prior to Task Onset  0.066 (0.022) 
After Block 2   0.065 (0.017) 
After Block 4   0.068 (0.015) 
After Block 6   0.068 (0.011) 
After Block 8   0.067 (0.010) 
 
Max BAL   0.073 (0.006) 
      _ 
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Figure 1.  Average error rate as a function of beverage group and error type. 
 
 

Note – FE = Fast Errors 
 SE = Slow Errors 
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Figure 2.  Average reaction time (RT) as a function of beverage group and response 
type. 
 
 

Note – FE = Fast Errors 
 CR = Correct Responses 
 SE = Slow Errors 
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Figure 3.  Average correct response reaction time (RT) across all 32 participants as a 
function of block.
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Figure 4.  Average P300 waveforms for no-alcohol participants at Pz head-site by 
response type and time.   
 
 

Note – CR = Correct Responses 
 CI = Correct Inhibitions 

  FE = Fast Errors 
 SE = Slow Errors 

Response 
Type 
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Figure 5.  Average P300 waveforms for alcohol participants at Pz head-site by response 
type and time.   
 
 

Note – CR = Correct Responses 
 CI = Correct Inhibitions 
  FE = Fast Errors 
 SE = Slow Errors 
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Figure 6.  Average ERN waveforms for no-alcohol participants at Cz head-site by 
response type and time.   
 
 

Note – CR = Correct Responses 
 FE = Fast Errors 
  SE = Slow Errors 

Response 
Type 
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Figure 7.  Average ERN waveforms for alcohol participants at Cz head-site by response 
type and time. 
 
 

Note – CR = Correct Responses 
  FE = Fast Errors 

  SE = Slow Errors 
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Figure 8.  Average P300 waveforms for no-alcohol participants at Pz head-site by 
response type and time with visual reaction time (RT) and ERN markers superimposed.   
 
 

Note – CR = Correct Responses; CI = Correct Inhibitions 
  FE = Fast Errors; SE = Slow Errors 

 
 

Legend For Vertical Lines: 
 1st Yellow Vertical Line = Average RT at which FEs Were Made 
 2nd Yellow Vertical Line = Time of Average ERN peak at Cz on FEs 

 
1st Dark Blue Vertical Line = Average RT at which CRs Were Made 
2nd Dark Blue Vertical Line = Time of Average ERN peak at Cz on CRs 

  
1st Aqua Blue Vertical Line = Average RT at which SEs Were Made 

 2nd Aqua Blue Vertical Line = Time of Average ERN peak at Cz on SEs 
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Type 
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Figure 9.  Average P300 waveforms for alcohol participants at Pz head-site by response 
type and time with visual reaction time (RT) and ERN markers superimposed.   
 
 

Note – CR = Correct Responses; CI = Correct Inhibitions 
  FE = Fast Errors; SE = Slow Errors 

 
 

Legend For Vertical Lines: 
 1st Yellow Vertical Line = Average RT at which FEs Were Made 
 2nd Yellow Vertical Line = Time of Average ERN peak at Cz on FEs 

 
1st Dark Blue Vertical Line = Average RT at which CRs Were Made 
2nd Dark Blue Vertical Line = Time of Average ERN peak at Cz on CRs 

  
1st Aqua Blue Vertical Line = Average RT at which SEs Were Made 

 2nd Aqua Blue Vertical Line = Time of Average ERN peak at Cz on SEs 

Response 
Type 
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APPENDIX A 

HUMAN SUBJECTS COMMITTEE APPROVAL 
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APPENDIX B 

DRINKING BEHAVIOR SCREENING INSTRUMENT 

 
 
 
 

DRINKING BEHAVIOR SCREENING SURVEY (rev. 6/98) 

 

This brief survey is designed to help researchers identify people with various levels of experience with alcohol.  

Some individuals may then be contacted for possible participation in studies pertinent to alcohol use and its effects.  

Persons with all kinds of drinking histories and patterns, including abstinence, are of interest.  Please answer the 

questions as accurately as you can.  You are under no obligation to complete this survey nor does completion of 

it obligate you to participate in any future research project.  You may not even be contacted further.  You are 

simply being asked for your voluntary cooperation and you are free to decline without penalty or prejudice.  If you 

are willing to assist us by completing the survey, you are assured that any information you provide will be kept 

strictly confidential.   
 

INSTRUCTIONS:  Please complete the following items by filling in the blanks or circling the appropriate 

responses. 
 

A.  Usual Frequency of Use:  On the average, how often have you consumed alcoholic beverages of any kind in the 

past year?  (Note:  Each "time" or drinking episode must be separated by a period during which you become 

completely sober.) 

 0.  once a month or less (including never) 

 1.  2 or 3 times a month 

 2.  once a week 

 3.  twice a week 

 4.  3 or 4 times a week 

 5.  5 or 6 times a week 

 6.  7 or 8 times a week 

 7.  9 - 13 times a week 

 8.  14 - 20 times a week 

 9.  21 or more times a week 
 

B.  Average Quantity per Occasion:  On the average, how many "drinks" have you had each time or occasion when 

you consumed alcoholic beverages in the past year?  (Note:  One "drink" = one 12-ounce beer or one 5-ounce glass 

of wine or one 1 and 1/2-ounce shot of hard liquor, straight or with mixer.) 

 0.  less than one whole drink (abstainers choose this option) 

 1.  one drink 

 2.  2 drinks 

 3.  3 drinks 

 4.  4 drinks 

 5.  5 drinks 

 6.  6 drinks 

 7.  7 - 9 drinks 
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8.  10 - 12 drinks 
 9.  more than 12 drinks 
 
C.  Highest Dose:  What is the greatest number of standard alcoholic drinks (12 oz. beers, 5 oz. glasses of  

wine, or 1.5 oz. "shots" of hard liquor--straight or with mixer) you consumed during a  
single episode of drinking (e.g., one night) in the last year, and how long was that  
episode from the first drink to the last? 

 
_____ drinks in _____ hours 

 

Name______________________________________________ Age__________ Sex __________ 

 

Approximate: Height_______ft._______in.  Weight_________lbs.    Phone# _____________ 
 

May we contact you about possible participation in a research project?  _____ Yes _____ No 
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APPENDIX C 

MEDICAL SCREENING QUESTIONNAIRE 

 
 
 
 

Participant # __________       Date:  __________ 
 

 

Medical Screening Questionnaire (rev. 8/17/00) 

 
INSTRUCTIONS:  In order to ensure that you can safely participate in this study, we need to have some information 
regarding the current and past status of your health and related problems.  Please answer the questions below by 
checking the appropriate blank alongside the item and/or by using the space provided to supply the necessary 
information.  All data will be kept strictly confidential.  If you need more space, use the backs of the pages, 
identifying each extended response with the number of the question. 
 
1. Have you ever had any of the following conditions (check all that apply and explain checked items 

alongside them or on the back of this page): 
 

a. Head injury, seizures or loss of consciousness?  _____ 
 

b. Severe or persistent headaches?  _____ 
 

c. Dizziness?  _____ 
 

d. Vision problems (other than simple near- or far-sightedness) or glaucoma?  _____ 
 

e. Hearing problems  _____ 
 

f. Severe or persistent muscle weakness (myasthenia)?  _____ 
 

g. Asthma or other respiratory problems?  _____ 
 

h. Heart condition, hypertension, or other cardiovascular condition?  _____ 
 

i. Diabetes, hypoglycemia, or other blood-sugar problems?  _____ 
 

j. Ulcer or other gastrointestinal problem?  _____ 
 

k. Liver or kidney problem?  _____ 
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2. Have you taken any prescription or over-the-counter medications in the last year? 
 

_____ No _____ Yes If yes, indicate the name of the medication, the reason, dose, and 
duration for each use, and the date each was last taken. (use back of page if needed) 

 

Medication Reason for use Dose per day Duration (weeks) Date of last use 

     

     

     

 
3. Have you used any other, unprescribed drugs in the last year? _____ No_____ Yes  

If yes, indicate the type of drug (e.g., marijuana), extent of use, date of most recent use, and any problems 
with use.  (use reverse side if needed) 
_______________________________________________________________________________ 
 
_______________________________________________________________________________ 

 
4. Are you now, or have you in the last year, been under the care of a physician or  
 other health professional for any medical condition?  _____ No  _____ Yes 
 If yes, indicate the nature of the condition or diagnosis, if known, and the type and  
 date(s) of any treatment and its outcomes.  (use back of page, if needed) 
 

Health Condition or Diagnosis Treatment Treatment dates Outcome 

    

    

    

 
5. Are you now or have you ever been under any therapist's care for any kind of mental,  

emotional, or behavioral problem?  (e.g., anxiety, depression, substance use disorder). 
_____ No  _____ Yes If yes, indicate the nature of the problem or diagnosis, and  
the type and date(s) of any treatment and its outcomes.  (use back of page, if needed) 

 

Problem or Diagnosis Treatment Treatment dates Outcome 

    

    

    

 
6. Have you ever tried to stop, cut down, or otherwise control your use of alcohol or other drugs, or been 

advised to do so by a health professional or therapist, for any reason?  _____ No  _____ Yes (If yes, please 
explain below.) 

 
___________________________________________________________________________ 

 
 
7. Have you ever experienced any school, occupational, social, or legal problems (e.g., absence or poor 

performance, arguments or fights, DUI arrests, etc.) in connection with your use of alcohol or other drugs?
 _____ No  _____ Yes (If yes, please explain below and indicate the approximate dates of any 
problems.) 

 
___________________________________________________________________________ 
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8. Have you ever had any allergic or other unusual reactions to alcoholic beverages of any kind?   
_____ No  _____ Yes (If yes, please explain below.) 

 
___________________________________________________________________________ 
 

 
9. What is the greatest number of standard alcoholic drinks (12 oz. beers, 5 oz. glasses of wine, or 1.5 oz. 

"shots" of hard liquor--straight or with mixer) you consumed during a single episode of drinking (e.g., one 
night) in the last year, and how long was that episode from the first drink to the last? 

 
_____ drinks in _____ hours 

 
 
10. On the average, how many standard alcoholic drinks do you consume in a typical week during the last 

year?  
 

_____ drinks per week 
 
 

11. (Women only.)  Please indicate the date of the beginning of your last menstrual period: 
 

date  _____/_____/_____.   
 

What is the usual number of days from the beginning of one period to the beginning of the next?  
_____ days.  

 
 
12. Are you a smoker? _____ No  _____ Yes  

If yes: 
 

What brand do you smoke?  ________________________________ 
 
 
When did you smoke your last cigarette?  __________ _________ a.m. or p.m.  
      Date       Time       (circle one) 
 
 
How many cigarettes have you smoked today?  _____ 
 
 
 

13. Please provide as complete a summary (times, types, brands, and quantities) as possible of the foods and 
beverages you have consumed today (i.e., since midnight). 

 
 

Time 
(indicate a.m. or p.m.) 

Type of food or beverage  
(include brands, if applicable) 

Quantity consumed  
(numbers, sizes, etc.) 
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APPENDIX D   

CONSENT FORM FOR INTRODUCTORY PSYCHOLOGY STUDENTS 

 
 
 
 

CONSENT FORM (For Introductory Psychology Students) 

 

Title of Research:         Probing the Affective and Cognitive Effects of Alcohol – Experiment 5AR0602 

 

Principal Investigator:  Todd S. Casbon, M.S. 

 

Faculty Advisor:   Alan R. Lang, Ph.D.  

 

I, ________________________________________, freely and voluntarily and without undue inducement or any 

element of force, fraud, deceit, duress, or other form of constraint or coercion, consent to be a participant in the 

above-named project, to be conducted at Florida State University during the period of June 14, 2003 through June 

14, 2004.  The purposes and procedures of this research are described below, and a summary of any risks, 

discomforts, and benefits reasonably to be expected in connection with participation is provided.   Additionally, the 

conditions of participation and the measures which will be taken to ensure confidentiality are described.  Finally, 

directions are given regarding whom to contact in case of any questions or concerns about this research.   

 

Purpose of the Research:   This study is designed to investigate the effects of alcohol intoxication on cognitive 

processing and behavioral performance in a working memory task.  Its broader goal is to contribute to a better 

understanding of the cognitive mechanisms underlying alcohol-induced alterations in behavior. 

 

Procedures for the Research:  This research involves participation in one experimental session.  The procedures on 

the day of your session will begin with a review of the medical screening items covered in your earlier phone 

interview.  A simple pregnancy screening, involving nothing more than testing of a urine sample, will also be 

administered to female participants, and anyone with a non-negative test will be excluded.  This provides an 

additional safeguard against any possible adverse effects of alcohol.  After these precautionary evaluations, you will 

complete a brief auditory working memory task requiring you to listen to a series of numbers and then recite them 

back in reverse order.  You will then be assigned to a beverage condition in which you are asked to consume either 

an alcoholic or nonalcoholic drink.  If you are assigned to the alcohol condition, you will receive a dose of alcohol 

that is sufficient to produce a blood alcohol concentration of 0.075 within one hour after the start of drinking. This is 

a moderate dose, roughly equivalent to three standard drinks (e.g., cans of beer) consumed by a 160-pound man in 

about an hour’s time. However, drink equivalencies vary by sex and by body weight, so you will be told specifically 

about yours.  Your dose will be divided equally into two cups, each containing cranberry and orange juice mixed 

with 95% ethyl alcohol in a 7:1 juice-to-alcohol ratio.  You will be asked to consume the beverages in the two cups 

over a 20-minute drinking period.  By signing below you acknowledge that you have had recent experience with this 

level of drinking and have not had any ill effects from similar doses.  If you are assigned to the nonalcoholic 

beverage condition, you will receive cranberry and orange juice only.   

 

During a drinking period, you will fill out questionnaires dealing with behavioral experiences and tendencies, 

including those associated with drinking, as well as personality characteristics.  You will then participate in a 
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computerized visual working memory task.  The task involves a series of 8 five-minute trial blocks, each involving 

the presentation of a series of letters.  These letters will be presented briefly one at a time on a computer monitor.  

Each letter presentation is called a trial.  You will be asked to view the letters and determine whether each letter 

from the current trial matches or mismatches the one presented two trials back.  On all blocks you will be instructed 

to respond (with a button press) to mismatches and withhold response to matches.  During the entire procedure, 

physiological responses will be recorded from sensors attached to your head and above and below your left eye.  

These sensors are generally nonirritating because the paste used to connect them has a salt concentration similar to 

that of human perspiration.  Prior to, during, and after the experimental procedure, you will be asked to provide 

breath samples from which blood-alcohol levels (BALs) can be estimated.  Additional questionnaires may follow 

the trial blocks.  The entire procedure for a session is normally completed in three to five hours, depending on the 

beverage group assignment. 

 

Potential Risks or Discomforts:  There are no appreciable risks associated with participation in this research.  An 

occasional individual may experience some minor gastric distress in connection with drinking alcohol and/or could 

be subject to mild headache or other symptoms of hangover afterward.  It is also possible that either the sensor gel or 

the application process may produce some skin irritation.  The main risk, however, is that of temporary impairment 

of psychomotor performance due to alcohol intoxication.  It is important to understand that if you consume alcohol it 

may continue to have some influence on your behavior for a period of time after you feel and appear sober and are 

released from the experiment.  Therefore, you must agree to avoid operating a motor vehicle or engaging in any 

physically risky behavior for at least four hours after the experiment.  In this connection, you will be asked to 

arrange transportation that will not require you to drive after the experiment.  To verify that you have obtained safe 

transportation home, the experimenter will escort you to your ride following completion of the experiment.  You 

must also agree to refrain from taking any additional alcohol or other drugs during the four-hour period after the 

experiment.   

 

Potential Benefits to You or to Others:  You understand that involvement in this experiment is not likely to 

produce any direct, immediate benefit to you other than enhancement of your understanding of the purpose and 

process of psychological research and the following compensation:  You will receive a combination of PSY2012 

course-related research credits (1 per hour) and cash payment at a rate of $6.25 per hour for any time spent up to 4 

hours.  The amount of each will depend on how many research credits you wish to claim.  You will also receive 

payment at the rate of $10 per hour for any time required beyond 4 hours.  There is a reasonable expectation that 

results of this research could contribute to a better understanding of the effects of drinking on cognitive processing 

and behavioral performance.  A summary of the findings will be made available to you upon request at the 

conclusion of the study. 

 

Conditions of Participation:  You are free to withdraw consent and discontinue participation at any time without 

prejudice, penalty, or loss of benefits to which you might otherwise be entitled.  If you wish to discontinue 

participation and you have not consumed alcohol you will be allowed to stop participating in the experimental 

procedures and leave immediately.  You will be given full credit for the amount of time that you have participated 

up to that point.  Thus, if you have not completed the total number of hours necessary to satisfy your experimental 

credit requirement for PSY2012, then you will be responsible for finding a different experiment in which to 

participate to satisfy the remaining requirements.  

 

If you have consumed alcohol and you wish to discontinue participation at any time, you will be allowed to 

immediately stop participating in the experimental procedures.  However, you will be required to be remain at the 

experimental site until no evidence of intoxication is observable and your blood-alcohol level is at or below 0.02% 

and declining on two successive tests.  It could take as long as five hours (or slightly longer in a few individuals) for 

your blood-alcohol level to decrease to this level.  By signing below, you (i.e., any participant receiving alcohol) 

agree to be detained at the experimental site until this criterion for release has been met.  You will receive full credit 

for the total amount of time that you are required to remain at the experimental site.  

 

Confidentiality:  Subject data are to be coded by numbers only and no names will be identified in any report.  Thus, 

all information gathered in this research will be kept confidential and secure to the extent allowed by law. 
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Questions or Concerns About This Research:  Your signature indicates that you have been given the opportunity 

to ask any questions you may have concerning the experiment and the conditions of participation, and that these 

questions, if any, have been answered to your satisfaction.   

 

In the future, you may contact Dr. Alan R. Lang, Professor of Psychology (644-6065), to discuss any aspect of this 

experiment.  Questions about your rights in relation to subject participation and/or reports of any research-related 

injury can be directed to Dr. Lang or to the FSU Institutional Review Board for Human Subjects (644-8633).   

 

 

I have read and I understand the above.  

 

 

_________________________________________________________________________________ 

Signature of Subject                           Date 

 

 

_________________________________________________________________________________ 

Printed Name of Subject                         D.O.B.           D.L.#  

 

 

_________________________________________________________________________________ 

Experimenter's Signature         and          Printed Name  
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APPENDIX E  

CONSENT FORM FOR NON-INTRODUCTORY PSYCHOLOGY STUDENTS 

 
 
 
 

CONSENT FORM (For Non-Introductory Psychology Students) 

 

Title of Research:         Probing the Affective and Cognitive Effects of Alcohol – Experiment 5AR0602 

 

Principal Investigator:  Todd S. Casbon, M.S. 

 

Faculty Advisor:   Alan R. Lang, Ph.D.  

 

I, ________________________________________, freely and voluntarily and without undue inducement or any 

element of force, fraud, deceit, duress, or other form of constraint or coercion, consent to be a participant in the 

above-named project, to be conducted at Florida State University during the period of June 14, 2002 through June 

14, 2003.  The purposes and procedures of this research are described below, and a summary of any risks, 

discomforts, and benefits reasonably to be expected in connection with participation is provided.   Additionally, the 

conditions of participation and the measures which will be taken to ensure confidentiality are described.  Finally, 

directions are given regarding whom to contact in case of any questions or concerns about this research.   

 

Purpose of the Research:   This study is designed to investigate the effects of alcohol intoxication on cognitive 

processing and behavioral performance in a working memory task.  Its broader goal is to contribute to a better 

understanding of the cognitive mechanisms underlying alcohol-induced alterations in behavior. 

 

Procedures for the Research:  This research involves participation in one experimental session.  The procedures on 

the day of your session will begin with a review of the medical screening items covered in your earlier phone 

interview.  A simple pregnancy screening, involving nothing more than testing of a urine sample, will also be 

administered to female participants, and anyone with a non-negative test will be excluded.  This provides an 

additional safeguard against any possible adverse effects of alcohol.  After these precautionary evaluations, you will 

complete a brief auditory working memory task requiring you to listen to a series of numbers and then recite them 

back in reverse order.  You will then be assigned to a beverage condition in which you are asked to consume either 

an alcoholic or nonalcoholic drink.  If you are assigned to the alcohol condition, you will receive a dose of alcohol 

that is sufficient to produce a blood alcohol concentration of 0.075 within one hour after the start of drinking. This is 

a moderate dose, roughly equivalent to three standard drinks (e.g., cans of beer) consumed by a 160-pound man in 

about an hour’s time. However, drink equivalencies vary by sex and by body weight, so you will be told specifically 

about yours.  Your dose will be divided equally into two cups, each containing cranberry and orange juice mixed 

with 95% ethyl alcohol in a 7:1 juice-to-alcohol ratio.  You will be asked to consume the beverages in the two cups 

over a 20-minute drinking period.  By signing below you acknowledge that you have had recent experience with this 

level of drinking and have not had any ill effects from similar doses.  If you are assigned to the nonalcoholic 

beverage condition, you will receive cranberry and orange juice only.   

 

During a drinking period, you will fill out questionnaires dealing with behavioral experiences and tendencies, 

including those associated with drinking, as well as personality characteristics.  You will then participate in a 
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computerized visual working memory task.  The task involves a series of 8 five-minute trial blocks, each involving 

the presentation of a series of letters.  These letters will be presented briefly one at a time on a computer monitor.  

Each letter presentation is called a trial.  You will be asked to view the letters and determine whether each letter 

from the current trial matches or mismatches the one presented two trials back.  On all blocks you will be instructed 

to respond (with a button press) to mismatches and withhold response to matches.  During the entire procedure, 

physiological responses will be recorded from sensors attached to your head and above and below your left eye. 

These sensors are generally nonirritating because the paste used to connect them has a salt concentration similar to 

that of human perspiration.  Prior to, during, and after the experimental procedure, you will be asked to provide 

breath samples from which blood-alcohol levels (BALs) can be estimated.  Additional questionnaires may follow 

the trial blocks.  The entire procedure for a session is normally completed in three to five hours, depending on the 

beverage group assignment. 

 

Potential Risks or Discomforts:  There are no appreciable risks associated with participation in this research.  An 

occasional individual may experience some minor gastric distress in connection with drinking alcohol and/or could 

be subject to mild headache or other symptoms of hangover afterward.  It is also possible that either the sensor gel or 

the application process may produce some skin irritation.  The main risk, however, is that of temporary impairment 

of psychomotor performance due to alcohol intoxication.  It is important to understand that if you consume alcohol it 

may continue to have some influence on your behavior for a period of time after you feel and appear sober and are 

released from the experiment.  Therefore, you must agree to avoid operating a motor vehicle or engaging in any 

physically risky behavior for at least four hours after the experiment.  In this connection, you will be asked to 

arrange transportation that will not require you to drive after the experiment.  To verify that you have obtained safe 

transportation home, the experimenter will escort you to your ride following completion of the experiment.  You 

must also agree to refrain from taking any additional alcohol or other drugs during the four-hour period after the 

experiment.   

 

Potential Benefits to You or to Others:  You understand that involvement in this experiment is not likely to 

produce any direct, immediate benefit to you other than enhancement of your understanding of the purpose and 

process of psychological research and the following compensation:  A payment of $25.00 for any session lasting up 

to 4 hours and an additional payment at the rate of $10/hour for any time spent beyond 4 hours at the experimental 

session.  Nonetheless, there is a reasonable expectation that results of this research could contribute to a better 

understanding of the effects of drinking on cognitive processing and behavioral performance.  A summary of the 

findings will be made available to you upon request at the conclusion of the study. 

 

Conditions of Participation:  You are free to withdraw consent and discontinue participation at any time without 

prejudice, penalty, or loss of benefits to which you might otherwise be entitled.  If you wish to discontinue 

participation and you have not consumed alcohol you will be allowed to stop participating in the experimental 

procedures and leave immediately.  You will be given full payment for the amount of time that you have 

participated up to that point.   

 

If you have consumed alcohol and you wish to discontinue participation at any time, you will be allowed to 

immediately stop participating in the experimental procedures.  However, you will be required to be remain at the 

experimental site until no evidence of intoxication is observable and your blood-alcohol level is at or below 0.02% 

and declining on two successive tests.  It could take as long as five hours (or slightly longer in a few individuals) for 

your blood-alcohol level to decrease to this level.  By signing below, you (i.e., any participant receiving alcohol) 

agree to be detained at the experimental site until this criterion for release has been met.  You will receive full credit 

for the total amount of time that you are required to remain at the experimental site.  

 

Confidentiality:  Subject data are to be coded by numbers only and no names will be identified in any report.  Thus, 

all information gathered in this research will be kept confidential and secure to the extent allowed by law. 

 

Questions or Concerns About This Research:  Your signature indicates that you have been given the opportunity 

to ask any questions you may have concerning the experiment and the conditions of participation, and that these 

questions, if any, have been answered to your satisfaction.   
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In the future, you may contact Dr. Alan R. Lang, Professor of Psychology (644-6065), to discuss any aspect of this 

experiment.  Questions about your rights in relation to subject participation and/or reports of any research-related 

injury can be directed to Dr. Lang or to the FSU Institutional Review Board for Human Subjects (644-8633).   

 

 

 

I have read and I understand the above.  

 

 

_________________________________________________________________________________ 

Signature of Subject                           Date 

 

 

_________________________________________________________________________________ 

Printed Name of Subject                         D.O.B.           D.L.#  

 

 

_________________________________________________________________________________ 

Experimenter's Signature         and          Printed Name  
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