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Abstract 
 
Rationale: Positive alcohol outcome expectancies and behavioral economic indices of alcohol con-
sumption are related to binge drinking among college students and may reflect explicit and implicit 
motivations that are differentially associated with this behavior. Objectives: The present study hy-
pothesized that implicit (alcohol purchase task) and explicit (positive expectancy for alcohol’s effects) 
motivations for drinking would not be correlated. It was also hypothesized that greater implicit and 
explicit motivations would predict alcohol-related risk. Methods: Participants were 297 college stu-
dent binge drinkers (54% female; 88% European-American; Alcohol Use Disorders Identification 
Test: M = 9.53, SD = 5.04). Three indices from the alcohol purchase task (APT) were modeled as a 
latent implicit alcohol-related motivations variable. Explicit alcohol-related motivations were meas-
ured using a global positive expectancy subscale from the Comprehensive Effects of Alcohol Ques-
tionnaire. Alcohol Use Disorders Identification Test total, Rutgers Alcohol Problem Index total, and 
age of drinking onset were modeled as a latent alcohol-related risk variable. Structural equation 
modeling was used to examine associations amongst implicit motivations, explicit motivations, and 
alcohol-related risk. Results: Implicit and explicit motivations were not correlated. Partially con-
sistent with the second hypothesis, greater implicit motivations were associated with greater alcohol-
related risk. Relations between explicit motivations and alcohol-related risk were marginally signif-
icant. Conclusions: Implicit and explicit drinking motivations are differentially associated with problem 
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drinking behaviors. Future research should examine the underlying neurobiological mechanisms 
associated with these factors. 
 
Keywords: college students, binge drinking, alcohol expectancies, behavioral economics, implicit 
motivation, explicit motivation, structural equation modeling 
 
Introduction 
 
Binge drinking (a pattern of alcohol use that results in rapid intoxication) is a prevalent 
public health issue in the United States, with nearly half of all college students consuming 
an amount of alcohol at or above the threshold for binging within a 2-week period (Wechsler 
et al. 2002). Negative consequences of such consumption include, but are not limited to, 
emotional instability (Weinberger and Bartholomew 1996), risky sexual behavior (Turrisi 
et al. 2000), suicidal ideation (Schaffer et al. 2008), and legal problems (Perkins 2002). More-
over, binge drinking accounts for approximately 500,000 injuries and 1,700 deaths in stu-
dents at ages 18–24 each year (Hingson et al. 2005). There is a wealth of knowledge on risk 
factors (e.g., paternal alcoholism, low level of response to alcohol, certain genetic polymor-
phisms, and temperament) (Enoch 2006; Knop et al. 2003; Ozkaragoz and Noble 2000; 
Schuckit 1998) and consequences associated with binge drinking. More recent literature, 
however, has begun to examine the influence of explicit and implicit motivations to drink 
alcohol (e.g., Wiers et al. 2002a, b, 2005). This focus has been driven by concerns that well-
established explicit motivations, such as expectancies, may not capture the total variance 
of alcohol-related motivation. The purpose of the present study was to test the degree to 
which implicit and explicit alcohol-related motivations independently predict drinking 
outcomes. 

For example, alcohol outcome expectancies have been strongly associated with a wide 
array of alcohol consumption patterns (Jones et al. 2001) and reflect explicit motivations 
for use (Reich et al. 2010). Expectancy theory posits that repeated beliefs linking a behavior 
and an outcome serve to shape decision making in a manner that increases that behavior 
(Smith and Goldman 1995). The theory is rooted in a social learning framework, such that 
alcohol expectancies are based on both directly observable behaviors (alcohol consump-
tion) and indirectly observable cognitive processes (expectancies). Furthermore, expectan-
cies result from both direct and indirect experiences with alcohol. This is best illustrated 
through findings indicating that children possess expectancies about alcohol long before 
they ever consume it themselves (Christiansen and Goldman 1983). 

A body of research indicates a positive relationship between alcohol consumption and 
positive alcohol outcome expectancies and a negative relationship between alcohol con-
sumption and negative alcohol outcome expectancies (Fromme and D’Amico 2000). How-
ever, positive expectancies consistently have a stronger relationship with drinking 
behavior (Leigh and Stacy 1993; Stacy 1997; Stacy et al. 1990). Greater positive outcome 
expectancies discriminate between problem and nonproblem drinkers (Brown 1985) and 
are associated with increased alcohol-related negative consequences (e.g., blackouts, hang-
overs, and driving under the influence) in college students (Turrisi et al. 2000). Further-
more, greater positive expectancies predict future drinking in nondrinking adolescents 
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(Smith et al. 1995). Positive expectancies have also predicted the persistence of alcohol de-
pendence symptoms longitudinally (Kilbey et al. 1998). 

Implicit motivation to drink has primarily been measured using alcohol-related cogni-
tions and attitudes (e.g., implicit association test and free association test). However, the 
use of behavioral economic indices of alcohol consumption provides another implicit al-
cohol measure that may better reflect the reinforcement derived from alcohol (Mackillop 
and Murphy 2007). Reinforcement from substances is implicit in nature, such that motiva-
tion for substance use, substance-seeking, and substance administration behavior often op-
erates without extensive conscious awareness as addiction strengthens (Curtin et al. 2006; 
Everitt and Robbins 2005). This phenomenon stems from the notion that actions that are 
repeated and reinforced (i.e., overlearned), such as alcohol use, require less allocation of 
cognitive resources (Puttemans et al. 2005). Specifically, the alcohol purchase task (APT; 
Murphy and Mackillop 2006) is an ideal index of implicit drinking motivations because it 
captures the multidimensionality of motivation for alcohol use through its five unique yet 
theoretically coherent indices. For example, Jacobs and Bickel (1999) examined demand 
indices from a hypothetical purchase task for cigarettes and heroin in opioid-dependent 
outpatients. Results indicated greater intensity of demand for cigarettes (i.e., number of 
cigarettes smoked when free); however, demand for heroin was less elastic (i.e., less sensi-
tive to increasing price). In college students, the APT is related to current drinking (e.g., 
drinks/week, heavy drinking episodes/week, Rutgers Alcohol Problem Index (RAPI) 
scores) (Murphy and MacKillop 2006) and has been found to be predictive of treatment 
response and binge drinking episodes across time (MacKillop and Murphy 2007). 

Meta-analysis data suggest that implicit and explicit drinking motivations are weakly 
related to each other and contribute to unique components of drinking behavior (Reich et 
al. 2010). More specifically, Wiers et al. (2002b) examined the differences between implicit 
and explicit alcohol-related cognitions (including expectancies) among college students. 
They found that while both light and heavy drinkers showed equivalent negative implicit 
associations with alcohol, heavy drinkers exhibited stronger positive explicit expectancies 
compared with light drinkers. Taken together, findings generally support the notion that 
explicit and implicit indices are differentially associated with alcohol use and reflect dis-
parate motivational processes (Stacy 1997). 

The present study attempted to replicate and expand upon prior research in two ways. 
First, we hypothesized that our measures of implicit and explicit motivations would also 
be weakly related. We also expected that both indices would uniquely predict greater al-
cohol related-risk. Second, historical measures have utilized alcohol-related cognitions and 
attitudes that are conceptualized as an implicit motivation to use. The present study ex-
pands upon prior research by adding a noncognitive measure of implicit motivation. 
Showing consistent findings will help support the notion that implicit motivation extends 
beyond alcohol-related cognitions and attitudes. 
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Materials and method 
 
Participants and procedures 
College students (N = 297) from an undergraduate psychology subject pool volunteered to 
participate in the study. The criterion for inclusion was, for males, self-reporting typically 
drinking five or more drinks in a typical evening and for females, self-reporting typically 
drinking four or more drinks in a typical evening. Participants completed a questionnaire 
battery administered by the research investigator or an assistant. All participants gave 
written informed consent, and the university institutional review board approved this 
study. See Table 1 for a summary of sample characteristics. 
 

Table 1. Sample characteristics 
Variable M (SD) or n (%) 
Gender  
   Male 136 (45.8%) 
   Female 161 (54.2%) 
Ethnicity  
   European-American 263 (88.6%) 
   African-American 9 (3.0%) 
   Latino/Hispanic 6 (2.0%) 
   Asian-American 8 (2.7%) 
   Other 11 (3.7%) 
Age 19.88 (1.92) 
Age of onset 16.14 (1.70) 
AUDIT total 9.53 (5.04) 
RAPI total 16.11 (12.41) 
APT  
   Breakpoint 5.73 (2.68) 
   Intensity 7.55 (4.24) 
   Omax 12.32 (9.93) 
   Pmax 3.36 (2.19) 
   Elasticity .019578 (.032021) 
CEOA positive expectancy 57.63 (8.70) 

 
Measures 
 
Demographic information 
The demographic questionnaire included items regarding age, gender, race, year in school, 
grade point average, fraternity/sorority membership, employment status, emotional/mental 
health problems, medications, current living arrangement, family composition, family in-
come, hometown population, age of onset of alcohol consumption, familial alcohol/drug 
problems, and legal problems. 
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Alcohol use disorders identification test 
The Alcohol Use Disorders Identification Test (AUDIT) (Saunders et al. 1993) was devel-
oped by the World Health Organization and consists of 10 Likert-type items used to assess 
harmful and hazardous alcohol use. The AUDIT assesses alcohol consumption (quantity 
and frequency), binge behavior, and alcohol-related consequences. Scores range from 0 to 
40, with a score of 8 or higher indicating the likelihood of harmful alcohol consumption. 
The AUDIT has shown good internal consistency (Fleming et al. 1991) and discriminant 
validity (Saunders et al. 1993). 
 
Rutger’s alcohol problem index 
The Rutgers Alcohol Problem Index (RAPI) (White and Labouvie 1989) is used to assess 
problem drinking in adolescents and young adults. The RAPI includes 26 items related to 
problems experienced because of their alcohol use in the past 6 months, each of which is 
answered on a Likert-type scale ranging from 0 (never) to 4 (more than 10 times). The RAPI 
has shown good reliability, internal consistency, and validity with young adults (White 
and Labouvie 1989). 
 
Comprehensive effects of alcohol questionnaire 
The Comprehensive Effects of Alcohol Questionnaire (CEOA) (Fromme et al. 1993) in-
cludes 38 items to assess positive and negative alcohol-related expectancies (rated on 1–4 
scale). The CEOA includes four positive expectancy domains (sociability, tension reduc-
tion, enhanced sexuality, and liquid courage) that comprised 20 items. These positive and 
negative expectancy subscales also yield global positive and negative expectancy scores. 
The CEOA has been shown to have adequate internal consistency, test-retest reliability, 
criterion validity, and factorial validity (Fromme et al. 1993). 
 
Alcohol purchase task 
The alcohol purchase task (APT) is a behavioral economic measure of the relative value of 
alcohol that assesses estimated alcohol consumption and the hypothetical financial ex-
penditure across a range of drink prices. Participants are asked to respond to “How many 
drinks would you consume if they were ____ each,” at the following 14 costs: zero (free), 
$0.25, $0.50, $1, $1.50, $2, $2.50, $3, $4, $5, $6, $7, $8, and $9. Reinforcement from alcohol 
was determined in four ways as follows: breakpoint, intensity, maximum expenditure 
(Omax), and price associated with the maximum expenditure (Pmax). Breakpoint was consid-
ered the first price at which alcohol consumption is zero. Individuals who did not have a 
breakpoint (i.e., would drink at the highest price) were assigned a breakpoint at the highest 
price ($9). Intensity was the maximum level of consumption at the lowest price ($0.00). 
Omax was defined as the greatest expenditure across prices (i.e., the most money an indi-
vidual would spend on drinks in a given evening). Pmax was the price associated with the 
maximum total expenditure (Murphy and MacKillop 2006). The APT has shown good re-
liability and validity (Murphy et al. 2009). Exponential demand curve modeling was also 
used to fit the alcohol consumption responses for each participant. This equation generates 
an estimate of elasticity of demand, which cannot be observed from raw data, and a good-
ness of fit measures (R2). In the equation, log10Q = log10Q0 + k(e–αQ0C–1), where Q = 
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consumption at a given price; Q0 = maximum consumption (consumption at zero or mini-
mal price); k = α constant across individuals that denotes the range of consumption values 
in log powers of ten, in this case, a constant of 1; C = the cost of the commodity (price); and 
α = the derived demand parameter reflecting a standardized rate of decline of consump-
tion. Larger elasticity values reflect greater sensitivity to the increasing price. Demand 
curves were fit according to the Hursh and Silberberg (2008) guidelines using the calcula-
tor provided on the Institute for Behavioral Resources website (www.ibrinc.org/ibr/centers/ 
bec/BEC_demand.html). 
 
Data analysis plan 
First, one-way analysis of variance (ANOVA) was used to examine gender differences in 
implicit motivations (APT indices), explicit motivations (CEOA global positive expec-
tancy), age of onset, AUDIT total, and RAPI total. This provided statistical support for 
controlling for gender in specific variables. Subsequently, Pearson’s correlations were ex-
amined among age, implicit motivations (APT breakpoint, intensity, Omax, Pmax, and elas-
ticity), explicit motivations (CEOA global positive expectancy), age of onset, AUDIT total 
score, and RAPI total score. Correlations served to examine for any potential confounding 
variables as well as to test the relatedness of implicit and explicit alcohol-related motiva-
tions. 

Confirmatory factor analysis (CFA) was used to derive the most parsimonious latent 
implicit motivations, explicit motivations, and alcohol-related risk variables. Structural 
equation modeling (SEM) was then employed to examine the associations among the latent 
implicit motivations variable, explicit motivations, and the latent alcohol-related risk var-
iable. SEM was employed for a number of reasons. First, SEM develops a model of the 
relations among measured and latent variables in order to determine causal and associa-
tive relationships (Duncan et al. 2006; MacCallum and Austin 2000). Second, SEM tests for 
both linear and nonlinear effects on the criterion variables (Bollen 1986). The model was 
estimated using Mplus version 6.0 (Muthén and Muthén 1998–2010). Chi-square test of 
model fit, comparative fit index (CFI), and standardized root mean square residual (SRMR) 
were used as the primary criteria of model fit, with cutoff values of CFI > .95, and of SRMR 
< .08 indicative of good model fit (Bollen 1986). Several models were tested; however, only 
the most parsimonious model is presented. 
 
Results 
 
Preliminary analyses 
ANOVAs were used to examine gender differences in implicit motivations (APT break-
point, intensity, Omax, Pmax, and elasticity), explicit motivations (CEOA global positive ex-
pectancy), age of onset, AUDIT total, and RAPI total. Results showed that males had higher 
APT intensity [F(1, 289) = 57.63, SEM = 15.04, p < .001], Omax [F(1, 270) = 11.73, SEM = 94.92, 
p = .001], and AUDIT total [F(1, 286) = 9.69, SEM = 24.71, p = .002] values than females. 
Gender was controlled for in Omax, intensity, and AUDIT total due to significant differences 
between groups. This was accomplished by regressing gender on to Omax (β = −.08, p = ns), 
intensity (β = .05, p = ns), and AUDIT (β = −.01, p = ns), the method suggested by the Mplus 
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authors, Muthén and Muthén (1998–2010). No other differences were observed between 
males and females. Examination of the exponential demand curve showed that it provided 
an acceptable fit for the data (R2 = .66, SD = .18). 

Pearson’s correlations were used to examine relationships among age, implicit motiva-
tions (APT breakpoint, intensity, Omax, Pmax, and elasticity), explicit motivations (CEOA 
global positive expectancy), age of onset, AUDIT total score, and RAPI total score. Pear-
son’s correlations showed that age of onset, AUDIT total, and RAPI total were significantly 
correlated with implicit motivations (with the exception of RAPI total and APT elasticity, 
Omax, and Pmax; AUDIT total and Pmax and elasticity; and age of onset and breakpoint and 
Pmax) and explicit motivations (with the exception of CEOA global positive expectancy and 
age of onset) in the expected directions. Please see Table 2 for the zero-order correlation 
matrix. 
 

Table 2. Zero-order correlation matrix 
 1 2 3 4 5 6 7 8 9 10 
Age — .09 –.02 .00 –.06 .08 –.15* .01 .07 –.03 
Age of onset — — –.28** –.27** –.17 –.09 –.26** –.21** .06 .17** 
RAPI total — — — .51** .26** .13* .14* .10 .00 –.07 
AUDIT total — — — — .18** .16** .25** .16** .10 –.12 
CEOA pos — — — — — –.03 .07 F –.05 –.02 .04 
Breakpoint — — — — — — .38** .64** .73** –.42** 
Intensity — — — — — — — .63** .18** –.38** 
Omax — — — — — — — — .53** –.37** 
Pmax — — — — — — — — — –.27** 
Elasticity — — — — — — — — — — 

Values not denoted with an asterisk, p > .05 
*p < .05; **p < .001 

 
Primary analyses 
As illustrated in Table 2, zero-order correlations show significant relationships among im-
plicit motivations (APT indices) but not between implicit and explicit motivations. Fur-
thermore, implicit and explicit motivations were not correlated in the SEM model (Fig. 1). 
These data are inconsistent with the first hypothesis that implicit and explicit motivations 
would be weakly related. However, results support the notion that our constructs are in-
dependent from one another. 

Confirmatory factor analysis (CFA) was used to test the adequacy of the latent implicit 
motivation measurement model. A single latent implicit motivation variable was posited 
to account for the pattern of the relationship across implicit motivation indices (APT break-
point, Omax, Pmax, intensity, and elasticity); however, this resulted in a poor-fitting model, 
maximum-likelihood χ2(5) = 22.73, p < .001, CFI = .87, and SRMR = .05. A four-index model 
(APT breakpoint, Omax, Pmax, and intensity) was then tested and provided acceptable fit for 
the data, maximum-likelihood χ2(2) = .441, p = .802, CFI > .99, and SRMR = .008. APT break-
point (β = .71, p < .001), intensity (β = .49, p < .001), Omax (β = .27, p < .001), and Pmax (β = .62, 
p < .001) all significantly contributed to the model. 
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CFA was also used to test the adequacy of the latent explicit motivations model. Two 
models were tested. The first model posited that a single latent explicit motivation variable 
would account for the pattern of the relationship across the 20 positive expectancy items. 
However, this model resulted in a poor fit for the data, maximum-likelihood χ2(170) = 
452.26, p < .001, CFI = .74, and SRMR = .07. The second model posited that a single latent 
explicit motivation variable would account for the pattern of the relationship across the 
four positive expectancy subscales (sociability, tension reduction, enhanced sexuality, and 
liquid courage). This model provided acceptable fit for the data, maximum-likelihood χ2(6) 
= 207.39, p < .001, CFI = .95, and SRMR = .044. Enhanced sexuality (β = .43, p < .001), socia-
bility (β = .77, p < .001), tension reduction (β = .35, p < .001), and liquid courage (β = .77, p < .001) 
all significantly contributed to the model. 
 

 
 

Figure 1. Structural equation model results. Solid lines indicate significant paths. Dashed 
lines indicate nonsignificant paths. 

 
The adequacy of a latent alcohol-related risk model was then tested. The model posited 

that a single latent alcohol-related risk variable would account for the pattern of the rela-
tionship across AUDIT total, RAPI total, and age of drinking onset. Fit indices were ac-
ceptable, maximum-likelihood χ2(0) < .001, p < .001, CFI < .99, and SRMR < .001. AUDIT 
total (β = .99, p < .001), RAPI total (β = .72, p < .001), and age of onset (β = .47, p < .001) all 
significantly contributed to the latent alcohol-related risk variable. 

SEM was used to examine the data from 297 college binge drinkers. The most parsimo-
nious model included the observed explicit variable, removed Pmax from the latent implicit 
motivation variable, and set the item loadings equal to one for AUDIT total, RAPI total, 
and age of onset in the alcoholrelated risk variable. The three-index implicit motivations 
model is supported by a previous research indicating that APT elasticity and Pmax are less 
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related to alcohol use (Murphy and MacKillop 2006), and the loadings were held equal to 
one in the alcohol-related risk latent variable due to a factor loading being greater than one for 
RAPI total when all loadings were freed. Overall fit of the model was acceptable, maximum-
likelihood χ2(14) = 29.36, p = .009, CFI = 0.97, and SRMR = .043. Consistent with the second 
hypothesis, greater levels of the implicit motivation variables predicted alcohol-related 
risk. Explicit motivations marginally (p = .053) predicted alcohol-related risk. See Fig. 1 for 
the SEM results. 
 
Discussion 
 
The present study aimed to examine how implicit and explicit alcohol-related motivations 
are associated with problematic drinking behaviors. Results indicate that implicit (an alco-
hol purchase task) and explicit (positive expectancy for alcohol’s effects) drinking motiva-
tions are independently associated with alcohol-related risk, which is consistent with prior 
studies (e.g., Reich et al. 2010). Our findings diverge from prior studies by showing that 
our measures were unrelated with one another, whereas meta-analytic data support a 
weak relationship (Reich et al. 2010). Furthermore, the present findings suggest that im-
plicit motivations for alcohol use are a stronger predictor of alcohol-related risk than ex-
plicit motivations. 

Our data add to the extant literature by testing a measure of implicit motivation that 
appeared to be an independent construct from the standard measure of explicit motiva-
tion. An advantage of our implicit measure of motivation is that it removes any measure-
ment overlap with explicit motivation by removing the cognitive/attitudinal appraisal 
component of prior implicit assessments (e.g., Jajodia and Earleywine 2003; McCarthy and 
Thompsen 2006; Palafi and Wood 2001; Stacy 1997; Wiers et al. 2002b). This measurement 
overlap may have contributed to the relatedness of implicit and explicit motivation from 
other studies (Reich et al. 2010). Second, we modeled our implicit measure as a latent var-
iable. Latent variables are viewed as a more accurate model of a construct because they 
allow multiple indices to differentially contribute to the factor rather than relying on one 
response pattern (Duncan et al. 2006). Taken together, our data provide some clarity on how 
explicit and implicit motivations act as independent predictors of alcohol-related outcomes. 

It is noteworthy to mention that others (e.g., Wiers et al. 2002b) with similar findings to 
ours have posited that their data reflect Robinson and Berridge’s (1993, 2001) incentive-
sensitization theory. Specifically, Wiers et al. (2002b) found that both heavy and light 
drinkers possessed negative implicit alcohol-related attitudes, which is consistent with the 
notion that incentive-sensitization “liking” decreases with repeated use. Studies attempt-
ing to assess incentive-sensitization among humans (Hobbs et al. 2005; Lambert et al. 2006; 
Ostafin et al. 2010; Willner et al. 2005) draw into question, however, the degree to which 
incentive-sensitization can be extrapolated from self-reported appraisals, particularly 
given that most studies did not find support for incentive-sensitization theory among at-
risk and addicted populations (Hobbs et al. 2005; Ostafin et al. 2010; Willner et al. 2005). 
As such, a more parsimonious explanation of these findings is that they are measuring 
implicit and explicit motivations rather than incentive-sensitization. 
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Despite this novel integration of behavioral economics and expectancy theory and their 
posited reflections of implicit (APT) and explicit (positive expectancy) alcohol-related mo-
tivations, limitations exist. First, we were unable to utilize a latent explicit motivation var-
iable within the model, which may have influenced its marginally significant association 
with the alcohol-related risk latent variable. Second, age of drinking onset was negatively 
correlated with AUDIT total and RAPI total; however, it positively contributed to the latent 
alcohol-related risk variable. Some data suggest that less drinking experience may be as-
sociated with fewer strategies to prevent alcohol-related negative consequences (Lewis et 
al. 2009), which may explain its direction of influence within the context of the model. 
Third, our criterion for inclusion was self-reporting typically consuming alcohol amounts 
at or above the binge threshold on drinking occasions. Though AUDIT items 1 and 2 indi-
cate that the majority of our sample binge drink on a (at least) monthly basis, future studies 
should utilize a timeline follow-back method for a more accurate assessment of drinking 
behavior. Fourth, we were not able to assess alcohol abuse/dependence within the sample, 
though it has been estimated that approximately 31% of students meet the criteria for abuse 
and 6% for dependence (Knight et al. 2002). Lastly, the ethnic composition of our sample 
indicates that these findings cannot be generalized to cultural groups outside of European-
Americans. 

Overall, findings indicate that problematic drinking behavior among college students is 
associated with both implicit and explicit alcohol-related motivations. Furthermore, ex-
plicit and implicit drinking motivations are differentially associated with drinking behav-
ior. Future research would benefit from examining the underlying neurobiological 
mechanisms associated with these factors. 
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