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We developed an alcohol self-administration paradigm to model individual differences in impaired control.
The paradigm includes moderate drinking guidelines meant to model limits on alcohol consumption, which
are typically exceeded by people with impaired control. Possible payment reductions provided a disincentive
for excessive drinking. Alcohol use above the guideline, despite possible pay reductions, was considered to be
indicative of impaired control. Heavy-drinking 21- to 25-year-olds (n ⫽ 39) were randomized to an
experimental condition including the elements of the impaired control paradigm or to a free-drinking condition
without these elements. Alcohol self-administration was compared between these two conditions to establish
the internal validity of the experimental paradigm. In both conditions, participants self-administered beer and
nonalcoholic beverages for 3 hours in a bar setting with 1–3 other participants. Experimental condition
participants self-administered significantly fewer beers and drank to lower blood-alcohol concentrations
(BACs) on average than those in the free-drinking condition. Experimental condition participants were more
likely than free-drinking condition participants to intersperse nonalcoholic beverages with beer and to drink
at a slower pace. Although experimental condition participants drank more moderately than those in the
free-drinking condition overall, their range of drinking was considerable (BAC range ⫽ .024 –.097), with
several participants drinking excessively. A lower initial subjective response to alcohol and earlier age of
alcohol use onset were associated with greater alcohol self-administration in the experimental condition. Given
the variability in response, the impaired control laboratory paradigm may have utility for preliminary tests of
novel interventions in future studies and for identifying individual differences in problem-drinking risk.
Keywords: laboratory methods, young adult, negative consequences, protective strategies, subjective
response
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Frequent, heavy drinking is common among young adults (Harrison, Desai, & McKee, 2008) and is associated with negative
consequences (e.g., fatal traffic accidents; Hingson, Zha, & Weitzman, 2009). This behavior has clinical ramifications as alcohol use
disorders are more common among 18- to 24-year-olds than any
other age group (Falk, Yi, & Hiller-Sturmhofel, 2008). Although
many young adults will “mature out” and desist with heavy drinking by their mid-to-late twenties, a minority will continue and
encounter clinically significant problems (Jackson, Sher, Gotham,
& Wood, 2001). Thus, additional research is needed to determine
which young adults may be at risk for long-term negative outcomes (Courtney & Polich, 2009).
Evidence suggests that impaired control over alcohol use is a
construct that may help to identify those at risk for subsequent
problem drinking. Impaired control, defined as “a breakdown of an
intention to limit consumption” (Heather, Tebbutt, Mattick, &
Zamir, 1993, p. 701), refers to a diminished ability to avoid alcohol
use altogether or to control alcohol use once initial consumption
has begun (Kahler, Epstein, & McCrady, 1995). Converging evidence suggests that impaired control develops relatively early in
the natural history of problem drinking (see Leeman, PatockPeckham, & Potenza, 2012 for a review) and prospectively predicts alcohol-related problems among young adults (Leeman, Toll,
Taylor, & Volpicelli, 2009).
Given the importance of impaired control to conceptions of
addiction in general (Levine, 1978) and to young adults in particular (Leeman, Fenton, & Volpcelli, 2007; Patock-Peckham &
Morgan-Lopez, 2006), a behavioral index of impaired control
could be a valuable research tool. Although the Impaired Control
Scale (ICS), developed by Heather et al. (1993) is reliable and
valid, self-report measures like the ICS essentially assess whether
participants believe they have difficulty limiting their alcohol use.
Although this is valuable, as verified by multiple findings supporting the validity of the ICS (Heather & Dawe, 2005; Heather,
Booth, & Luce, 1998; Leeman et al., 2007; Marsh, Smith, Saunders, & Piek, 2002), laboratory paradigms could be used to measure actual drinking behavior indicative of impaired control. Research on related constructs like impulsivity has demonstrated the
utility of both self-report and behavioral assessments (Dougherty,
Mathias, Marsh, Moeller, & Swann, 2004) and in some studies,
self-report and behavioral measures of self-control-related constructs are weakly related (Krishnan-Sarin, Reynolds et al., 2007;
Reynolds, Ortengren, Richards, & de Wit, 2006). Extrapolating
from this research, there may be unique variability in problem

drinking outcomes that could be explained by self-report and
behavioral indices of impaired control.
Human laboratory paradigms have provided valuable behavioral
indices of addictive behaviors (McKee, Krishnan-Sarin, Shi, Mase,
& O’Malley, 2006; Schuckit, 1985). Benefits of laboratory administration methods include their utility in prospective prediction of
problem outcomes (King, de Wit, McNamara & Kao, 2011; Trim,
Schuckit, & Smith, 2009) and their time- and cost-efficiency in
preliminary tests of novel interventions (Kenna, Leggio, & Swift,
2009; McKee et al., 2009). Prior laboratory studies have demonstrated links between alcohol and difficulties with self-control,
including relationships between trait disinhibition and alcohol selfadministration (Leeman, Corbin, & Fromme, 2009) and the disinhibiting effects of alcohol (Fillmore, 2003; Loeber & Duka, 2009;
Reed, Levin, & Evans, 2012). For these reasons, we endeavored to
develop and test an alcohol self-administration paradigm to model
individual differences in impaired control over alcohol use. Given
the public health problem of young adult heavy drinking, risk for
self-control difficulties among young people (Rutherford, Mayes,
& Potenza, 2010) and need for novel interventions in this population (Carey, Scott-Sheldon, Carey, & DeMartini, 2007), we
developed this paradigm primarily for use with young adults.
The impaired control laboratory paradigm contains two key
elements: moderate drinking guidelines and possible payment reductions (see Table 1). The moderate drinking guidelines are
meant to model limits on alcohol consumption, which are typically
exceeded by people with impaired control (Heather et al., 1993).
Although the moderate drinking guidelines were created by us
rather than by participants themselves, recent evidence suggests
that self-generated and externally generated goals are associated
with similar reductions in alcohol consumption among college
students (Lozano & Stephens, 2010). Payment reductions were
included to model negative consequences of alcohol consumption.
The payment reductions were based on participants’ performance
on a battery of cognitive and psychomotor tasks after alcohol
self-administration. Poor task performance triggered drawings for
possible pay reductions taking place on a date 1–3 days after
alcohol self-administration. We implemented probabilistic payment reductions in order to model the uncertain nature of negative
consequences. In the “real world,” heavier drinking increases the
likelihood of negative consequences but negative consequences do
not become a certainty until drinkers consume an amount of
alcohol much higher than what is allowed in alcohol selfadministration studies. Holding pay reduction drawings at a later

Table 1
Description of the Two Key Elements of the Impaired Control Alcohol Self-Administration Paradigm
Paradigm element
Drinking guideline

Details

Meant to model

Pragmatic benefit to paradigm

Consume no more than 3 drinks (2 for women) A limit on alcohol consumption to which Provides participants with a guideline
during ad libitum drinking period
those with impaired control over
for controlled, moderate drinking
alcohol use typically have difficulty
adhering
Payment reductions At a follow-up appointment 1–3 days after
Negative consequences of alcohol use:
Creates a disincentive for participants
self-administration session, participants draw
both their uncertain and often distal
to drink excessively and a reason
from a hat for a possible pay reduction ($0,
nature
to abide by the moderate drinking
$6, $12) once for each of 4
guideline
cognitive/psychomotor tasks they perform
poorly following ad libitum drinking period
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date modeled the often distal quality of negative consequences.
Although opportunities to drink alcohol are typically immediate,
the impact of negative consequences is often felt at a later time.
For instance, students who opt to drink heavily rather than study
for exams can do so right away, while they will not receive their
bad grades until days later. While continued alcohol use despite
potential negative consequences is not part of impaired control per
se, multiple prior findings in undergraduates suggest close relationships between impaired control and alcohol-related problems
(e.g., Patock-Peckham & Morgan-Lopez, 2006).
Although 2 earlier alcohol self-administration paradigms were
developed to model “loss of control” over drinking, neither involved any type of limit placed on alcohol consumption (Ludwig,
Wikler, & Stark, 1974; Marlatt, Demming, & Reid, 1973). This is
a key omission, as only alcohol use that exceeds limits is indicative
of impaired control (Heather et al., 1993). Older paradigms were
designed to model negative consequences of alcohol use, but the
consequences were neither probabilistic, nor distal and were delivered in a manner not feasible given current human subjects’
standards (e.g., social isolation; Wilson, Leaf, & Nathan, 1975).
Excessive alcohol consumption in this paradigm is indicative of
impaired control over alcohol use because it supersedes a limit
placed on drinking and occurs despite possible negative consequences. As such, excessive drinking in this paradigm may reflect
current problem drinking and subsequent risk for more serious
problems. If the impaired control laboratory paradigm models a
key aspect of problem drinking that is relevant to young adult
drinkers, this paradigm would be useful for multiple research
purposes in future studies. These include testing the effects of
experimental manipulations (e.g., stress-induction), on impaired
control over alcohol use; testing preliminary efficacy of alcohol
reduction interventions targeting young adults; and predicting risk
of future problem drinking prospectively. The main goal of the
present study was to establish the internal validity of the key
elements of the impaired control laboratory paradigm.
In this initial between-subjects study, participants were randomized to an experimental condition including provision of moderate
drinking guidelines and possible pay reductions or a free-drinking
condition without these elements. Compared with participants in
the free-drinking condition, we hypothesized that participants in
the experimental condition would self-administer fewer standard
drinks of alcohol, drink to lower peak estimated blood alcohol
concentrations (eBAC) during a 3-hr ad libitum drinking period,
and exhibit lower actual peak breath alcohol concentrations
(BrAC) after ad libitum drinking.
At the same time, we predicted a broad range of responses in the
experimental condition. The ability to elicit a broad range of
responses is a key feature of prior self-administration models
(McKee et al., 2006; O’Malley, Krishnan-Sarin, Farren, Sinha, &
Kreek, 2002), as such variability is necessary to observe effects of
experimental manipulations or interventions on self-administration
behavior in future studies. To enhance ecological validity, all
self-administration sessions were conducted in an actual bar (Davidson, Swift, & Fritz, 1996; Davidson, Palfai, Bird, & Swift,
1999). Consistent with prior alcohol administration studies involving young adults (e.g., Corbin, Gearhardt, & Fromme, 2008;
Sayette et al., 2012), sessions were conducted in groups of 2– 4
participants to account for social factors that are critical to young
adult drinking behavior (Sayette et al., 2012; Wood, Read, Palfai,
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& Stevenson, 2001). No assessments were conducted during ad
libitum drinking to allow alcohol consumption to occur as naturally as possible.
Variability in drinking behavior in the experimental condition
would suggest that the impaired control laboratory paradigm may
capture individual differences in drinking behavior occurring despite possible pay reductions and provision of moderate drinking
guidelines. To the extent that these individual differences are
meaningful, significant correlations should be observed between
alcohol self-administration and established risk factors for problem
drinking. For example, we predicted significant positive relationships between alcohol self-administration in the experimental
condition and self-reported impaired control over alcohol use.
Although there is precedent for low correspondence between selfreport and behavioral indices of self-control-related constructs
(e.g., Krishnan-Sarin, Reynolds et al., 2007), we nonetheless predicted a moderate, significant correlation given that the laboratory
paradigm was developed to be an alternate measure of impaired
control. We also predicted a significant correlation with low initial
response to alcohol because those with a low response may receive
insufficient subjective cues to slow down or stop drinking
(Schuckit, 1985), perhaps leading to impaired control over alcohol
use. We posited that a positive family history would also have a
significant relationship to alcohol self-administration in the experimental condition. Those with a family history of alcohol problems
are more likely than those without to have a low response to
alcohol (Quinn & Fromme, 2011), and positive family history is an
independent risk factor for alcohol dependence (Grant, 1998).
Finally, we predicted that there would be a significant negative
correlation between drinking in the experimental condition and age
of alcohol use onset. Earlier age of onset predicted heavier drinking and alcohol-related problems prospectively in undergraduates
(Morean, Corbin, & Fromme, 2012). While nondaily smoking has
been related to heavier alcohol use in young adults (Harrison et al.,
2008), we did not have a prediction as to whether such relationships would apply to the current sample of frequent heavy drinkers.

Method
Participants
Young adults (ages 21–25 years) were recruited using webbased advertising and flyer postings on and around college campuses and other public areas. Advertisements stated that we were
seeking 21- to 25-year-old individuals who drink alcohol at least
twice per week (though the inclusion criterion was slightly higher
than this) and meet other inclusion requirements. It was stated
clearly that the study involved no treatment or medications. The
maximum possible compensation of up to $200 was also stated
clearly in these advertisements.
Regarding inclusion criteria, over the prior 30 days, participants
were required to report at least 4 heavy drinking days (ⱖ5 drinks
for men, ⱖ 4 for women), 12 any-drinking days and 1 day with an
estimated blood alcohol concentration (eBAC) ⱖ 0.10%. Thus,
this sample was composed of frequent heavy drinkers, as opposed
to lighter, social-drinking samples in many alcohol administration
studies involving young adults (e.g., Weafer & Fillmore, 2012;
Sayette et al., 2012). Exclusion criteria were current treatment-
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seeking or past 12-month history of substance abuse treatment;
current dependence on addictive substances other than alcohol,
including nicotine and cannabis; a past history of alcohol withdrawal or current withdrawal; two breath alcohol readings ⬎0.00%
at the outset of study appointments; positive urine drug screening
for opiates, cocaine, phencyclidine, amphetamines, methamphetamine, barbiturates, methadone and benzodiazepines; current use
of or a recent prescription for psychotropic drugs; disliking beer or
no recent beer consumption; severe medical or psychiatric conditions; a body mass index ⬍18.5 or ⬎35; and for women, pregnancy, nursing or failure to use reliable birth control. Participants
were also required to perform normatively on 4 cognitive/psychomotor tasks (described below) that formed the basis for the
possible pay reductions discussed above. Treatment of participants
in this study was in accordance with APA ethical standards and the
study was approved by the Human Investigation Committee at the
Yale School of Medicine.

Procedures
Prospective participants were given an overview of the study via
a Web page or telephone script read by a research assistant.
Interested individuals were screened initially either via telephone
or a secure, web survey. Those who appeared eligible after preliminary screening were invited to an in-person screening appointment.
The in-person screening appointment began with a breathalyzer
reading and informed consent. Breathalyzer readings, including
those during the self-administration sessions, were conducted using a hand-held Alcohol-Sensor III breathalyzer (Intoximeter Inc.,
St. Louis, MO). Participants were required to have a BrAC of
0.00% to give informed consent. Participants could reschedule
once due to a positive BrAC. In the consent process, participants
were given details about study participation, including the pay
structure.
After obtaining informed consent, we conducted urine drug
testing, pregnancy testing for women and weight measurement
using a calibrated scale. A timeline followback (TLFB) interview
(Sobell & Sobell, 2003) was conducted by a trained research
assistant or the principal investigator (PI) to obtain self-reports of
alcohol use and cigarette smoking during the prior 30 days. Data
from the TLFB were used to establish eligibility vis-à-vis alcohol
and cigarette-smoking-related inclusion criteria and to assess relationships between recent self-reported alcohol use and smoking
and subsequent alcohol self-administration during the session. The
Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders, fourth edition, text revision (DSM–IV–
TR) Axis-1 Disorders (First, Spitzer, Gibbon, & Williams, 2002),
also conducted by a trained research assistant or the PI, was used
to diagnose alcohol and drug dependence. The study nurse documented participants’ medical history, including medication use;
symptom inventory; menstrual cycle data for women and history
of psychiatric diagnosis and treatment. The nurse also administered the Clinical Institute Withdrawal Assessment for Alcohol
Revised (CIWA-AR; Sullivan, Sykora, Schneiderman, Naranjo, &
Sellers, 1989). A research assistant or the PI administered a battery
of 4 cognitive/psychomotor tasks (see below). Participants were
told that they must perform the tasks normatively to be eligible for
the study. Participants then completed questionnaires online.

Eligible, enrolled participants were scheduled in groups of 2– 4
for an alcohol self-administration session at the earliest possible
date. Sessions were held in the late afternoon/night at a local bar
on Tuesdays, Wednesdays, or Thursdays. Efforts were made to
include members of both sexes in each session. We avoided
scheduling participants from the same university or those who
lived in close geographic proximity as our goal was for participants to be unacquainted. Randomization to the experimental or
free-drinking condition was by session, meaning that all participants in a given session were randomized to the same condition.
The study design was between-subjects (i.e., participants completed only the experimental or free-drinking condition).
On the day of the session, a brief appointment was held in the
morning or early afternoon at our research office. Breathalyzer
readings and urine drug and pregnancy tests for women were
repeated. Participants were reminded of the session rules and
arrangements were made for study-provided taxi transportation to
the bar, which participants were required to take. They were
instructed not to consume alcohol, and to eat lunch, but not to eat
after 1 p.m. After arrival, participants completed baseline selfreports and repeated the 4 cognitive/psychomotor tasks to provide
predrinking data and to become acclimated to completing the tasks
in a bar. Participants were then informed of their condition assignment (see Figure 1). Study activities took place off to one side of
the bar, which was open for business to other customers. Participants were informed of this during the consent process. Interaction
between participants and bar patrons was minimal.
Regardless of condition assignment, participants were informed
that they could consume as many beers as they liked during the
3-hr ad libitum drinking period unless they reached the maximum
allowable eBAC. All participants were told they would complete
the 4 cognitive/psychomotor tasks again after the ad libitum drinking period and that their completion of the tasks allowed us to
observe task performance before and after alcohol consumption in
a bar setting. Participants were asked to complete the tasks to the
best of their ability and that they would receive feedback on their
performance at the follow-up appointment.
Experimental condition participants were also told that for each
of the 4 tasks they did not perform comparably with initial screening, they would draw from a hat for a possible pay reduction ($0,
$6 or $12) at a follow-up appointment 1–3 days after the session.
Thus, total possible pay reduction varied from $0 to $48. Here,
comparable performance referred to their prior performance, plus
or minus [1/2] of 1 standard deviation based on normative data,
though participants were not informed of this precise standard.
Experimental condition participants were informed of the following verbally and in writing: “To avoid having to draw for possible
pay reductions, we offer a guideline that you consume no more
than 3 beers (2 for women) in the course of the 3-hr alcohol
drinking period.” Participants were advised they were not required
to abide by the guideline but doing so would improve their chances
of completing the tasks successfully and avoiding possible pay
reductions. Participants in the free-drinking condition were not
given drinking guidelines, and payment was not linked to task
performance.
The ad libitum-drinking period began at 5 p.m. For 3 hours,
participants could self-administer 12-ounce (oz) beers or nonalcoholic beverages (i.e., soda or water) ad libitum by ordering from a
research assistant, who obtained the drinks from the bartender. Just
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Beers and non-alcoholic
d i k ordered
drinks
d d ffrom RA
eBAC monitored
Not allowed to reach eBAC >
.10
Morning/
early
afternoon

4pm

5pm

BrAC,
urine
t t
tests

Arrival at bar,
self-reports,
b
baseline
li ttasks
k

Ad lib
drinking
b i
begins

8pm

Ad lib drinking ends,
self-reports, BrAC,
t d i ki ttasks
post-drinking
k

9pm-12am

12am

Hourly
self-reports,
B AC
BrAC

Dismissal
when
B AC < .02
BrAC
02

No alcohol allowed

No eating allowed

Figure 1. Timeline of participation on the day of an alcohol self-administration session. BrAC, breath alcohol
concentration; eBAC, estimated blood alcohol concentration during the ad libitum drinking period; RA, research
assistant; “tasks,” the battery of 4 cognitive/psychomotor tasks administered initially at the in-person screening
appointment.

before the beginning of the ad libitum period, study staff asked
participants if they would like a drink. All subsequent ordering was
initiated by participants only. There were 3 beer options: Budweiser, Molson Canadian, and Smithwick’s Ale. All are 5% alcohol by volume with approximately 150 calories per 12-oz. Participants could switch brands but had to complete one drink
(alcoholic or nonalcoholic) before ordering another. A supervisor
standing nearby monitored each drink ordered including the beer
brand or type of nonalcoholic beverage and the time at which
consumption of each drink began and ended. Beer consumption
was monitored in comparison with an eBAC chart made for each
participant, based on sex and weight (http://depts.washington.edu/
mcsurvey/bal/index.php). For safety reasons, no participant was
allowed to order a beer that, if consumed, would lead to an eBAC
ⱖ0.10%. Given that participants were required to consume one
drink before ordering another, partial drinks were only possible on
the final drink. Drinks partially consumed were measured with a
measuring cup and converted to standard drink units, however only
one participant opted not to finish a beer (6 oz ⫽ 0.5 standard
drink). Another beer was spilled accidentally and replaced immediately. It was impossible to ascertain how much of it had been
consumed; thus, the spilled beer was not counted in drink estimates
or drinking topography calculations (see data analysis section).
Participants sat at one table or two adjacent tables off to one side
of the bar. They conversed among themselves and with the research assistant who acted as the server. The bar had televisions, a
pool table, jukebox, and video games. Playing cards and table
games were provided. No cigarette smoking was allowed during
this period. The ad libitum drinking period ended promptly at 8
p.m., at which point participants completed self-reports, a breathalyzer reading and the same 4 cognitive/psychomotor tasks in that
order. No feedback on BAC or task performance was given. After
the 8 p.m. study activities were completed, participants were fed
and cigarette smoking was allowed just outside the bar. Participants continued to engage in the same activities (e.g., card games)
and were allowed the same nonalcoholic beverages. Breathalyzer

readings and self-reports were repeated hourly until midnight, the
earliest possible dismissal time. Participants were brought home by
taxi when their BAC levels were ⱕ0.02%.
Follow-up interviews were scheduled for 1–3 business days
after the session. In the experimental condition, pay reduction
drawings took place for participants whose task performance following drinking was not equivalent to their screening appointment.
Feedback regarding estimated and actual BACs was given. Participants were debriefed regarding the purpose of the study and a
motivational interview focused on alcohol use was provided by a
clinical psychology predoctoral intern or postdoctoral fellow.

Measures
Alcohol and cigarette use. The TLFB (Sobell & Sobell,
2003) involves a calendar with memory prompts to facilitate recall
of substance use on each day in a specified period (past 30 days in
this study). The reliability and validity of past 30-day estimates
from the TLFB have been established (Carey, 1997). Alcohol data
from the TLFB were used to determine eligibility and for comparing recent self-reported alcohol use to alcohol selfadministration in the study.
Impaired control. Part 2 of the Impaired Control Scale (ICS;
Heather et al., 1993) is a reliable (␣ ⫽ .85) and valid measure of
how often participants have experienced difficulty controlling alcohol consumption, including unsuccessful attempts to limit, cut
down and stop drinking. A 3-month time frame was used. The 10
items were rated on a 0 (never) to 4 (always) scale and summed
with higher scores indicating greater difficulty controlling alcohol
use.
Negative alcohol consequences. The Young Adult Alcohol
Consequences Questionnaire (YAACQ; Read, Kahler, Strong, &
Colder, 2006) is a reliable, valid measure. Participants reported
whether 48 consequences happened to them in the prior 3 months.
Items were rated dichotomously and summed (0 ⫽ no, 1 ⫽ yes) to
yield a total score out of 48 (␣ ⫽ .90).
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Early subjective response. The original form of the SelfRating of the Effects of Alcohol (SRE; Schuckit, Smith, & Tipp,
1997) captures 4 effects of alcohol (slurred speech, feeling intoxicated, passing out, and stumbling gait). Morean and Corbin (2008)
added 2 items capturing stimulation/arousal and relaxation/calmness/sedation. Higher scores on each item reflected the number of
drinks needed to experience each effect. Each effect was measured
for the individual’s first 5 drinking experiences (with higher scores
indicative of low initial subjective response to alcohol [␣ ⫽ .80]);
his or her heaviest period of drinking; and, the most recent
3-month period of regular drinking. Only the initial response items
are included in this report.
Alcohol history. Participants reported the age at which they
started drinking, excluding small tastes or sips of alcohol. For
family history of alcohol problems, items were based on the
Addiction Severity Index (McLellan et al., 1992). Participants
were asked whether any relatives ever “had a significant problem
with alcohol or drugs, one that either led to treatment or should
have led to treatment.” Participants reported on alcohol and drug
problems of family members separately and only alcohol problems
are reported here. Those reporting an alcohol-use-problem history
for at least one biological parent were considered family historypositive.
Cognitive/psychomotor tasks. Four tasks found to be sensitive to effects of alcohol (Brumback, Cao, & King, 2007; Chait &
Perry, 1994) were administered at screening and during the session
before and after ad libitum drinking. The Digit Symbol Substitution
Test (DSST) from the WAIS–R (Wechsler, 1981) is a pencil-andpaper perceptual-motor processing task. Participants completed as
many items as possible in 90 seconds with scores comprising the
number of correct responses. The Grooved Pegboard (Lafayette
Instruments, Lafayette, IN) is a test of fine motor coordination and
speed in which participants retrieve, rotate as needed and insert 25
small pegs into 25 slotted holes in random orientations on a board
as fast as possible, using their nondominant hand only. In the Time
Production task, participants reported when they believed 30, 60,
and 120 seconds had passed. Lastly, participants completed an
eyes-closed, One-Leg Stand with arms outstretched for up to 30
seconds on each foot. At screening, participants’ score was their
longest time out of three chances on each foot. At the ad lib
session, their score was their best time out of two chances on each
foot. Participants always completed the tasks in this order. Norms
for study inclusion and performance evaluation for the former two
tasks were based on Brumback et al. (2007) and for the latter two,
on Chait and Perry (1994).

Analyses
Before conducting the primary analyses, distributions and normal probability plots were examined for continuous variables. We
then determined whether there were differences in self-reported
alcohol consumption or any other self-report variables included in
this report by study condition. All analyses were conducted using
SPSS, version 19. Four types of analyses were conducted: (1)
planned primary and secondary analyses to compare alcohol selfadministration between the two study conditions; (2) a post hoc
analysis to compare study conditions on an alternate alcohol selfadministration outcome (i.e., whether or not participants met heavy
drinking criteria); (3) mechanistic analyses to ascertain approaches

that participants who drank moderately may have utilized to control their consumption; and (4) exploratory analyses.
The primary outcome variable was number of beers selfadministered in standard drink units. Secondary outcomes were
peak estimated BAC (eBAC) during the ad libitum-drinking period and peak actual breath alcohol concentration (BrAC) after the
ad libitum-drinking period. Peak eBAC was calculated because no
BrAC readings were taken during the ad libitum-drinking period.
An eBAC was calculated based on the time at which each beer was
completed using the following formula: ([(number of drinks/2) ⴱ (a
constant of 9 for women and 7.5 for men/weight)] – [number of
hours ⫻ .016]) (Matthews & Miller, 1979). These two BAC
variables were complementary. Peak eBAC captures alcohol selfadministration at its heaviest point vis-à-vis the amount of time
elapsed in the ad libitum drinking period and participants’ sex and
weight. BrAC after the end of the ad libitum period was thought to
reflect the possible impact of alcohol on performance on the
cognitive/psychomotor tasks, which occurred soon after the first
postdrinking BrAC reading. The cognitive/psychomotor tasks
were of importance because performance on these tasks had a
potential effect on pay reductions for participants in the experimental condition. Separate multiple regressions were planned for
each of the three main outcomes. Study condition and sex were
included as predictors in these and all other regression analyses.
Regression analyses were followed by mixed-model analyses with
session group (i.e., the 2– 4 participants who completed each
session together) entered as a random variable along with study
condition and sex as fixed variables. The latter analyses were
conducted to account for the nested structure of the data within
these sessions. A similar approach to analyzing alcohol selfadministration data collected within nested session groups (i.e.,
regressions then mixed models) was taken by Leeman, Corbin and
Fromme (2009). Our hypothesis was that experimental condition
participants would self-administer fewer beers and drink to lower
BACs than those in the free drinking condition, as a result of some
participants moderating their drinking because of the drinking
guideline and possible pay reductions in the experimental condition. At the same time, we expected a great deal of variability on
all outcomes within the experimental condition.
Using logistic regression, we also compared incidences of participants meeting heavy drinking criteria between study conditions.
We defined heavy drinking as either having been “cut off” from
further alcohol consumption for safety reasons or meeting the
common benchmarks of ⱖ5 drinks for men or ⱖ4 for women
during the ad libitum period. We included this analysis because of
the clinical relevance of this outcome. Our hypothesis was that
experimental condition participants would be less likely to meet
heavy drinking criteria, but we also postulated there would be
considerable variability among experimental condition participants.
We conducted a series of analyses to better understand mechanisms that may have contributed to more moderate consumption in
the experimental condition as compared with the free-drinking
condition. Using logistic regression, we examined differences between the two conditions in likelihood of choosing to order at least
one nonalcoholic beverage during the ad libitum drinking period
before being “cut off” for safety reasons. This corresponds to the
moderate drinking technique of alternating alcoholic with nonalcoholic beverages (also known as “spacing”) that is taught as part
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of motivational interviewing-based interventions for young adults,
such as Brief Alcohol Screening and Intervention for College
Students (BASICS; Dimeff, Baer, Kivlahan, & Marlatt, 1999).
Using multiple regression, we also examined differences between
conditions in three measures of drinking topography: mean drink
duration for participants’ first three beers and duration of interdrink intervals between the first and second and between the
second and third beers. Longer drink durations and interdrink
intervals correspond to “pacing” techniques that are also taught as
part of interventions such as BASICS. Our hypotheses were that
participants in the experimental condition would be more likely to
order at least one nonalcoholic beverage, drink significantly more
slowly, and have longer interdrink intervals than participants in the
free drinking condition. Again, we expected variability within the
experimental condition and accordingly, expected that a considerable proportion of participants would not drink moderately, despite
the risk of pay reductions.
Lastly, on an exploratory basis within the experimental condition, we examined correlations between the three main alcohol
self-administration variables and self-reported alcohol use, as well
as other self-report variables pertaining to problem-drinking risk.
We hypothesized that alcohol self-administration in the experimental condition would relate significantly and positively to selfreport measures of alcohol consumption at initial screening. We
also predicted significant positive correlations with self-reported
impaired control, low initial response to alcohol, and family history of alcohol problems. We posited significant, negative correlations with age of onset of alcohol use. No prediction was made
regarding relationships to current cigarette smoking status (i.e.,
any smoking or not in the last 30 days based on the TLFB).
We also compared performance on the cognitive/psychomotor
tasks after alcohol self-administration by study condition on an
exploratory basis. We predicted that experimental condition participants would perform these tasks more effectively.

Results
Preliminary Analyses
Forty-six participants were deemed eligible. Seven subsequently
decided they were no longer interested, leaving 39 participants, 20
of whom were randomized to the experimental condition (14 men)
and 19 to the free drinking condition (13 men). Sample descriptives are provided in Table 2. As a result of skewed distributions,
the peak eBAC variable and interdrink interval variables were log
transformed. The second interdrink interval variable (between the
second and third beer) was skewed regardless of whether or not
two participants who consumed only two beers were included in
the analysis (see below). Outliers on the low initial response to
alcohol variable were winsorized to a value 3 SD greater than the
mean. There were no significant differences between participants
randomized to the two conditions on self-reported alcohol consumption or any other variables assessed at screening (all p values
⬎.15).

Main Outcome Analyses
In separate regressions, study condition was a significant predictor of the number of beers self-administered, ␤ ⫽ ⫺0.37, p ⫽
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.004, peak eBAC during the ad libitum drinking period, ␤ ⫽
⫺0.47, p ⫽ .003, and peak BrAC after the ad libitum period, ␤ ⫽
⫺0.48, p ⫽ .002. Experimental condition participants selfadministered fewer beers (Figure 2A) and drank to lower eBACs
and BrACs (Figure 2B) than those in the free-drinking condition.
Although experimental condition participants drank less overall,
they nonetheless consumed slightly more than 4 beers, on average,
and reached an average eBAC of just over .06%. There was a
significant effect of sex on number of beers consumed, ␤ ⫽ 0.57,
p ⬍ .001, with men (M ⫽ 5.37, SD ⫽ 1.60) self-administering
more than women (M ⫽ 3.33, SD ⫽ 0.89).
Mixed-model analyses including a random effect of session
group yielded comparable results in models predicting number of
beers self-administered and peak BrAC after the ad libitum period.
In a mixed-model analysis predicting peak eBAC during the ad
libitum period, the effect of study condition was no longer significant, though the effect approached statistical significance, t ⫽
2.07, p ⫽ .057.

Alternate Outcome Analysis
Based on a logistic regression, study condition was a significant
predictor of heavy drinking, odds ratio (OR) ⫽ 0.045, p ⫽ .006,
with participants in the experimental condition less likely to meet
criteria for heavy drinking (45%) than those in the free drinking
condition (95%). Sex was not a significant predictor. This result
further demonstrates that participants in the experimental condition were more likely to drink moderately than those in the
free-drinking condition overall, though many participants in the
experimental condition also drank excessively.

Possible Mechanisms Underlying Moderate Drinking
in the Experimental Condition
Based on logistic regression, experimental condition participants were significantly more likely to self-administer at least 1
nonalcoholic drink, OR ⫽ 13.31, p ⫽ .004 (Figure 3A). Based on
multiple regression, experimental condition participants had significantly longer drink durations, ␤ ⫽ 0.37, p ⫽ .014. The second
interdrink interval was extended out to the end of the ad libitumdrinking period for 2 participants who self-administered only 2
beers each (their estimated intervals were 40 and 63 minutes).
Experimental condition participants had significantly longer intervals between their second and third beers, ␤ ⫽ 0.34, p ⫽ .024
(Figure 3B). There was no significant difference in the interval
between the first and second beer, ␤ ⫽ 0.24, p ⫽ .147. Sex was a
significant predictor of the same two topography variables, as a
result of longer drinking duration and longer intervals between the
second and third beer among women.

Exploratory Analyses
We also conducted a series of correlations between self-report
variables assessed at screening and the three main alcohol selfadministration outcomes (i.e., number of beers self-administered,
peak eBAC and postdrinking BrAC). Number of beers selfadministered correlated with self-reported frequency of alcohol
consumption in the prior 30 days (r ⫽ .46, p ⫽ .043). Other
correlations between self-administration and self-reported alcohol
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Table 2
Sample Characteristics Overall and by Study Condition
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Variable
Percent male
Race/ethnicity
White, non-Hispanic
White, Hispanic
African-American, non-Hispanic
American Indian
Other
Student status
Full-time
Part-time
Non-student
Family history positive
At least 1 first-order relative
At least 1 biological parent
Alcohol use disorder diagnoses
Alcohol abuse: lifetime
Alcohol abuse: current
Alcohol dependence: lifetime
Alcohol dependence: current
Current smoker
Past 30-day alcohol frequency/quantity reported
at screening: mean (SD), range of
responses
Frequency of any use
Frequency of heavy use
Drinks per drinking day
Peak quantity of alcohol use
Other self-report variables indicative of
problem drinking risk assessed at
screening
Scores on Part 2 of the ICS (of a possible
40)
Age of onset of alcohol use
Number of drinks needed to experience
subjective response during first 5 drinking
experiences on the modified SRE

Experimental condition
(n ⫽ 20)

Free drinking condition
(n ⫽ 19)

Overall (N ⫽ 39)

70%

68.4%

69.2%

85%
5%
10%
0%
0%

84.2%
5.3%
0%
5.3%
5.3%

84.6%
5.1%
5.1%
2.6%
2.6%

55%
5%
40%

42.1%
5.3%
52.6%

48.7%
5.1%
46.2%

50%
40%

33%
27.8%

42.1%
34.2%

60%
20%
25%
10%
40%

57.9%
26.3%
36.8%
26.3%
31.6%

59%
23.1%
30.8%
17.9%
35.9%

18.35 (5.53), 12–30
9.27 (4.13), 4–21
5.54 (2.47), 2.41–12.73
12 (4.08), 6–20

17.79 (5.71), 12–28
11.37 (4.86), 4–21
6.71 (2.67), 2.67–11.36
13.32 (4.89), 6–20

18.08 (5.55), 12–30
10.29 (4.56), 4–21
6.11 (2.60), 2.41–12.73
12.64 (4.48), 6–20

9.47 (8.06), 2–35
16.16 (2.04), 12–19

10.74 (7.05), 1–35
16.61 (1.94), 12–20

4.9 (1.2), 3.17–7.33

5.01 (1.46), 2.67–9.57

11.40 (6.27), 1–22
16.85 (1.95), 14–20
5.10 (1.69), 2.67–9.57

Note. Heavy use: 5 or more drinks in a day for men, 4 for women; ICS: Impaired Control Scale, SRE: Self-Rating of the Effects of Alcohol.

use were in the expected direction but not significant (r values
ranging from .14 to .34). Correlations between alcohol selfadministration and negative consequences measured at screening
with the YAACQ were not significant (r values ranging from ⫺.03
to .13). Correlations with cigarette smoking status (smoker vs.
nonsmoker) were also not significant (r values ranging from ⫺.08
to .19).
Contrary to predictions, self-reported impaired control over
alcohol use did not correlate significantly with any of the three
main alcohol self-administration outcomes in the experimental
condition (r values ranging from ⫺.07 to .14). However, initial
low response to alcohol on the SRE correlated significantly with
number of beers self-administered (r ⫽ .54, p ⫽ .013), but not with
the two BAC-related outcomes (r ⫽ .16 and .19). Those who
reported needing a higher number of drinks to experience subjective effects of alcohol during their initial drinking experiences
tended to self-administer more beer. Age of drinking onset was
significantly correlated with peak eBAC during the ad libitumdrinking period (r ⫽ ⫺.57, p ⫽ .008), with those who began at an
earlier age drinking to higher eBACs. Correlations with the other
two self-administration variables were in the same direction but

not significant (number of beers: r ⫽ ⫺.23; peak BrAC: r ⫽
⫺.39). There was a statistical trend relating family history positive
status to peak BrAC (r ⫽ .42, p ⫽ .063); however, correlations
with number of beers consumed (r ⫽ .30) and peak eBAC (r ⫽
.24) did not approach significance.
Performance on the cognitive/psychomotor tasks was compared
between study conditions on an exploratory basis. Although no
differences in task performance were statistically significant, all
comparisons favored the experimental condition, with the exception of change in grooved pegboard performance between the
screening appointment and postdrinking, which favored the free
drinking condition. Full results may be obtained from the authors.

Discussion
Participants in the experimental condition, which introduced
moderate drinking guidelines and possible payment reductions for
excessive drinking, self-administered significantly fewer beers,
drank to lower BACs and were less likely to meet heavy drinking
criteria than those in a free-drinking condition without these key
elements. At the same time, there was a range of drinking behav-
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Participants in the experimental condition, however, did not
uniformly moderate their drinking. For instance, almost half of
participants in the experimental condition met heavy-drinking criteria. Prior laboratory paradigms developed by members of our
group have been used to test the impact of pharmacotherapy
(McKee et al., 2009; O’Malley et al., 2002), risk factors such as
family history (Krishnan-Sarin, Krystal, Shi, Pittman, & O’Malley,
2007), and experimental manipulations such as food deprivation
(Leeman, O’Malley, White, & McKee, 2010) on selfadministration behavior. A key feature that contributes to the
utility of these paradigms is their ability to elicit a range of
responses from participants (McKee et al., 2006; O’Malley et al.,
2002). Initial findings suggest that the impaired control laboratory
paradigm also yields a range of alcohol self-administration behavior and may therefore have similar utility.
Conclusions that can be derived from exploratory analyses
within the experimental condition are necessarily limited because

Figure 2. A, Number of beers self-administered during a 3-hour ad
libitum drinking period in the experimental and free-drinking conditions.
ⴱⴱ
p ⬍ .01. B, Blood alcohol concentration-related outcomes. On the left,
peak estimated blood alcohol concentration (eBAC) during a 3-hour ad
libitum drinking period in the experimental and free-drinking conditions.
On the right, peak actual breath alcohol concentration (BrAC) obtained
after the end of the ad libitum drinking period in the experimental and
free-drinking conditions. ⴱⴱ p ⬍ .01.

iors, and several participants in the experimental group drank
excessively. These findings support the internal validity of the
elements of the impaired control laboratory paradigm. Excessive
alcohol consumption in this paradigm is indicative of impaired
control because it exceeds a limit placed on drinking and occurs
despite possible consequences.
Experimental condition participants were more likely than free
drinking participants to intersperse nonalcoholic drinks with beers,
to drink beer at a slower pace and to allow longer periods of time
between their second and third beers. These behaviors parallel
moderate drinking strategies included in motivational
interviewing-based brief interventions for alcohol use reduction in
young adults (Dimeff et al., 1999) and suggest that the impaired
control paradigm might offer a means of assessing protective
strategy use in the laboratory. Unfortunately, no self-report measure or interview was included to ascertain whether participants
engaged in these behaviors with the intention of moderating their
drinking, though this seems likely. Future studies will include such
items to assess moderate drinking strategies within this paradigm.

Figure 3. A, Percentage of participants in each condition who selfadministered at least 1 non-alcoholic beverage during a 3-hour ad libitum
drinking period. ⴱⴱ p ⬍ .01. B, From left to right, the mean duration taken
to consume up to the first three beers during a 3-hour ad libitum drinking
period by study condition; the mean interval between the end of the first
and the beginning of the second beer by condition; and the mean interval
between the end of the second and the beginning of the third beer by
condition. ⴱ p ⬍ .05.
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of small sample size and the correlational nature of the analyses.
However, some findings suggested that individual differences observed in alcohol self-administration behavior in the experimental
condition may be meaningful. Significant relationships were found
between alcohol self-administration variables and more frequent
baseline drinking, earlier age of drinking onset, and low initial
subjective response to alcohol. These variables have been tied to
problem drinking in young adults and risk for greater problems in
the future (Morean et al., 2012; Trim et al., 2009) suggesting that
heavier drinking in the impaired control laboratory paradigm may
be indicative of problem drinking. Multiple negative findings were
notable, including nonsignificant correlations with self-reported
impaired control over alcohol use and negative consequences of
alcohol use. Small sample size may have contributed, as effect
sizes were considerable (r values ⬎ .20) for many of the nonsignificant correlations. However, correlations between measures derived from the impaired control paradigm and self-reported impaired control over alcohol were small and inconsistent in
direction. Impaired control over alcohol may follow other selfcontrol-related constructs (e.g., impulsivity) in demonstrating
weak relationships between behavioral and self-report measures
(Krishnan-Sarin, Reynolds et al., 2007; Reynolds et al., 2006).
Nonetheless, relationships between alcohol self-administration in
this paradigm and other measures of difficulty with self-control
(both self-report and behavioral tasks) will continue to be addressed in future studies. Further, all correlational findings in this
study should be replicated in future studies.
The significant random effect of group in a mixed model analysis to predict eBAC during the ad libitum drinking period was
notable. Given the impact of social factors on alcohol use (Sayette
et al., 2012; Wood et al., 2001), it is not surprising that participants
appeared to be influenced by other participants in their selfadministration behavior. Nonetheless, there were significant differences between study conditions on two main outcomes with a
near significant trend for the third. The fact that the impaired
control laboratory paradigm incorporates social factors influencing
young adult drinking could be considered a potential strength of
this approach.
A number of limitations should be considered. Although we
strove for ecological validity, laboratory studies necessarily involve artificial contingencies, which represent departures from
“real world” behaviors. The need to limit the range of eBAC
during self-administration, although necessary for safety, represents a departure from the way young adults typically consume
alcohol. Other limitations included the small sample size and racial
homogeneity of the sample.
The key elements of the impaired control laboratory paradigm
have face validity as models of limits placed on alcohol consumption and negative consequences of alcohol use; however, it is
crucial that the paradigm be validated further. Future validations
might include stress induction (Fox, Bergquist, Hong, & Sinha,
2007), which would be hypothesized to impair self-control and
result in greater drinking in the impaired control paradigm compared with a neutral mood manipulation. Conversely, participants
randomized to receive interventions with established efficacy—
either pharmacotherapies (e.g., naltrexone; O’Malley et al., 2002)
or behavioral/counseling (e.g., BASICS; Dimeff et al., 1999)—
should display less impaired control and more moderate alcohol
self-administration in this paradigm. Prospective research is un-

derway to establish the predictive validity of alcohol selfadministration behavior in this paradigm (specifically relationships
to subsequent heavy drinking and alcohol-related problems). Future studies could also use the paradigm to screen novel interventions.
In conclusion, this experimental laboratory paradigm models
individual differences in impaired control over alcohol use, which
prior evidence suggests is an early indicator of problem drinking.
A laboratory model of this phenomenon for use with young adults
is a potentially valuable research tool. Our findings suggest that the
impaired control laboratory paradigm introduces disincentives for
excessive drinking and reveals variability in participants’ abilities
or willingness to moderate their drinking. The range of drinking
behavior observed suggests that the paradigm may hold promise
for testing novel interventions and assessing the impact of experimental manipulations and other individual differences on drinking
behavior.
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