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Alcohol abuse and dependence are characterized by a preoccupation with obtaining and drinking alcohol despite devastating physical, social, and occupational consequences. Dual-process theories propose that this aberrant behavior is determined by the dynamic interplay of two qualitatively different systems: A fast, associative, implicit, impulsive system, which includes automatic appraisal of stimuli in terms of their affective and motivational significance, and a slower, rule-based, explicit, reflective system, which includes controlled processes related to conscious deliberations, emotion regulation and expected outcomes (e.g., Deutsch & Strack, 2006; Evans, 2003; Evans & Coventry, 2006; Strack & Deutsch, 2004). Thus, while the reflective system determines behavior through conscious deliberation, the impulsive system activates behavioral schemata automatically through the process of spreading activation in an associative network. Importantly, dual-process theories also suggest that the balance between the impulsive system and the reflective system is disrupted with prolonged alcohol abuse: On the one hand, the impulsive system undergoes changes in its associative network which generates automatic impulses to drink alcohol whenever an alcohol-related cue is encountered. On the other hand, long-term alcohol abuse impairs the reflective system so that it is no longer able to inhibit the automatic impulses triggered by the impulsive system (e.g., Bechara, 2005; Dawe, Gullo, & Loxton, 2004; Deutsch & Strack, 2006; Goldstein & Volkow, 2002; Robinson & Berridge, 2003; Wiers et al., 2007).

The past decade, research has demonstrated the existence of an implicit affective associative cluster involving the concept alcohol using the Implicit Association Test (IAT; Greenwald, McGhee, & Schwartz, 1998). The IAT is a computerized sorting task that infers implicit associations from the simultaneous classification of two target categories, for example alcohol versus soft drinks, and two affective attribute categories, for example positive versus negative. The target categories are combined with the attribute categories in two different sorting conditions (e.g., alcohol + positive versus soft drinks + negative and alcohol + negative versus soft drinks + positive) and the performance difference between these two sorting conditions reflects the strength of implicit associations between the target concepts and the attribute categories. The first studies that examined implicit affective associations with alcohol using the IAT demonstrated that alcohol is automatically associated with negative affect in the impulsive system and that these negative implicit associations with alcohol are at least moderately related to drinking behavior (e.g., De Houwer, Crombez, Koster, & De Beul, 2004; Houben & Wiers, 2007; Wiers, van Woerden, Smulders, & de Jong, 2002). More recent studies extend these findings by demonstrating that alcohol is automatically associated with both negative and positive affect (e.g., Houben & Wiers, 2008; Jajodia & Earleywine, 2003; McCarthy & Thompsen, 2006). Importantly, these studies also demonstrated that only positive implicit associations, but not negative implicit alcohol associations, are related to drinking behavior. 

However, researchers have used different operationalizations of the affective attribute dimension in the IAT to examine implicit affective associations with the concept alcohol. First, some studies have used a bipolar affective dimension in which positive affect is contrasted with negative affect (e.g., De Houwer et al., 2004; Wiers et al., 2002) whereas others have used unipolar affective dimensions to examine implicit associations with positive affect and negative affect separately (e.g., Houben & Wiers, 2008; Jajodia & Earleywine, 2003; McCarthy & Thompsen, 2006). Second, some researchers have used positive and negative alcohol-related expectancies to operationalize the attribute categories (i.e., happy, depressed; e.g., Jajodia & Earleywine, 2003; Wiers et al., 2002) whereas in other studies the attribute categories were operationalized using general positive and negative affective stimuli (i.e., love, war; e.g., Houben & Wiers, 2006a, 2007), which is similar to social cognition research (e.g., Greenwald et al., 1998). Importantly, somewhat different patterns of results have been found with these different IAT versions. 

Overview of findings with different IAT versions

Studies using bipolar IAT variants have demonstrated similar IAT effects with both the alcohol-related expectancy IAT and the general affective IAT: Alcohol is generally associated more strongly with negative affect than with positive effect (bipolar alcohol-related expectancy IAT: Houben & Wiers, 2006b; Wiers, van de Luitgaarden, van den Wildenberg, & Smulders, 2005; Wiers et al., 2002; bipolar general affective IAT: De Houwer et al., 2004; Houben & Wiers, 2007, in press). Further, the bipolar alcohol-related expectancy IAT
 has consistently shown a moderate to strong relationship with drinking behavior (Houben & Wiers, 2006b; Wiers et al., 2005; Wiers et al., 2002) as well as predictive validity with respect to drinking behavior above the variance explained by explicit measures (Houben & Wiers, 2006b; Wiers et al., 2002). Also, the alcohol-related expectancy IAT is generally related to explicit alcohol-related cognitions (Houben & Wiers, 2006b; Wiers et al., 2002; with one exception: Wiers et al., 2005). In contrast, the bipolar general affective IAT has shown mixed results with respect to its relationship with explicit measures and drinking behavior. One study reported no correlations between the bipolar general affective IAT and explicit cognitions while the IAT did show incremental validity with respect to the prediction of drinking behavior (Houben & Wiers, 2007). However, in another study by the same authors the bipolar general affective IAT was related to explicit cognitions and drinking behavior, but this time there was no support for incremental validity (Houben & Wiers, in press). 

Since bipolar IAT variants directly contrast positive affect with negative affect, it is impossible to examine implicit alcohol associations with positive affect and negative affect separately, which could be problematic given that the ambivalence for alcohol can be quite high (Conner & Sparks, 2002). However, using unipolar IAT versions, one contrasting positive affect with neutral and another contrasting negative affect with neutral, it is possible to examine positive and negative implicit alcohol associations separately. With respect to these unipolar IAT variants, IAT effects have been generally the same regardless of whether alcohol-related expectancy IAT variants were used or general affective IAT variants: In contrast to IAT effects with bipolar IAT variants, findings with unipolar IAT variants have demonstrated that alcohol is not only associated with negative affect, but also with positive affect (Houben & Wiers, 2006a, 2008; Jajodia & Earleywine, 2003; McCarthy & Thompsen, 2006). More importantly, a consistent relationship with drinking behavior has been demonstrated for the positive unipolar IAT, but only when using unipolar alcohol-related expectancy IAT variants (Houben & Wiers, 2008; Jajodia & Earleywine, 2003; McCarthy & Thompsen, 2006), and not with unipolar general affective IAT variants (Houben & Wiers, 2006a). Specifically, the positive unipolar alcohol-related expectancy IAT has shown both predictive and incremental validity with respect to drinking behavior, while the negative unipolar alcohol-related expectancy IAT was always unrelated drinking behavior. Further, no significant correlations have been reported between unipolar IAT variants and explicit cognitions (Houben & Wiers, 2006a, 2008; Jajodia & Earleywine, 2003) with one notable exception for unipolar alcohol-related expectancy IAT variants (McCarthy & Thompsen, 2006). 

Present study

In general, the above overview suggests higher incremental validity for alcohol-related expectancy IAT versions than for general affective IAT versions (with respect to both bipolar and unipolar variants). Further, whereas different IAT effects have been demonstrated with unipolar IAT variants compared to bipolar IAT variants, little is known whether there are differences between bipolar and unipolar IAT variants with respect to incremental validity. Finally, it is unclear whether all these different IAT variants show comparable internal consistencies. Since these IAT versions were all developed to measure the same underlying construct, namely implicit affective associations with the concept alcohol, it would be useful for future research in this area to determine which IAT variants yields the highest incremental validity and internal consistencies. This was the aim of the present study. Participants were randomly assigned to one of six IAT versions: First, participants either performed a bipolar IAT (i.e., positive versus negative), a positive unipolar IAT (i.e., positive versus neutral), or a negative unipolar IAT (i.e., negative versus neutral). Second, the IAT attribute categories either consisted of general positive and negative stimuli or of positive and negative alcohol-related expectancies. Participants also reported explicit alcohol-related cognitions and alcohol use. Finally, we conducted the study via the Internet because Web-based testing has the potential of reaching large numbers of participants and recent research has demonstrated that implicit alcohol associations can be validly assessed via the Internet (Houben & Wiers, in press). 
Method

Participants

A total of 7015 volunteers at the Dutch Project Implicit research site (https://implicit.harvard.edu/implicit/netherlands/; see also Nosek, 2005; Nosek & Hansen, 2008; Nosek & Hansen, in press) participated in the present study. Following data cleaning (i.e., dropping participants with missing data, with > 10% of response latencies shorter than 300ms, or with  > 40% errors in any of the four combined sorting blocks; see also Greenwald, Nosek, & Banaji, 2003; Nosek, 2005; Nosek & Hansen, 2008; Nosek & Hansen, in press), a total of 3169 participants was retained. Finally, participants who reported that they did not drink alcohol were excluded. The final sample consisted of 2868 participants (57.5% male; mean age = 34.20 years, SD = 12.28). 

Materials and measures

Implicit Association Test. Participants were randomly assigned to one of the six possible IAT conditions resulting from crossing over the polarity of the attribute dimension (i.e., bipolar positive vs. negative, unipolar positive vs. neutral, or unipolar negative vs. neutral) with the type of attribute stimuli (i.e., general positive/negative attributes or positive/negative alcohol-related expectancies). IATs were presented via the Internet using a Java applet administered within Project Implicit Software (see (Greenwald et al., 2003; Nosek, 2005; Nosek, Banaji, & Greenwald, 2002). In all six IAT versions, the target categories were ‘alcohol’ (wine, beer, pint, vodka, whiskey, and breezer) and ‘soft drink’ (coca cola, fanta, orange soda, sparkling water, juice, cassis). In the bipolar expectancy IAT, a positive attribute category consisting of six positive expectancies related to drinking alcohol (i.e., talkative, excited, cheerful, happy, funny, lively; label ‘pleasant’) was paired with a negative attribute category that consisted of six negative expectancies related to drinking alcohol (nauseous, listless, wretched, miserable, cheerless, uncomfortable; label ‘unpleasant’). The same ‘pleasant’ and ‘unpleasant’ attribute categories were used in the unipolar positive expectancy IAT and the unipolar negative expectancy IAT, respectively, were they were paired with a neutral attribute category (i.e., average, undefined, general, normal, usual, everyday; label ‘neutral’). In the bipolar general IAT, a positive attribute category consisting of six general positive words (i.e., love, sunshine, warmth, peace, hug, rainbow; label ‘pleasant’) was paired with a negative attribute category that consisted of six general negative words (sorrow, war, depression, pain, fight, disease; label ‘unpleasant’). The same general ‘pleasant’ and ‘unpleasant’ attribute categories were used in the unipolar positive general IAT and the unipolar negative general IAT, respectively, were they were paired with a neutral attribute category that consisted of six general neutral words (i.e., letter, appliance, ballpoint, circle, square, page; label ‘neutral’). 

All six IAT versions followed the standard IAT procedure (Greenwald et al., 1998). Participants completed seven blocks or response trials. First, participants sorted affective attributes for 24 trials into two attribute categories (i.e., pleasant vs. unpleasant for the two bipolar IAT versions, pleasant vs. neutral for the two unipolar positive IAT versions, and unpleasant vs. neutral for the two unipolar negative IAT versions) using a left and a right response keys on the keyboard. Second, participants sorted alcoholic drinks and soft drinks using the same two response keys for 24 trials into the two target categories (i.e., alcohol vs. soft drink). Third, participants sorted stimuli for all four categories for 24 trials using the two response keys. During this combined sorting block, participants sorted items of one attribute category and one target category with one response key, and the other key was used to categorize items from the other attribute category and target category (e.g., pleasant + alcohol vs. unpleasant + soft drink for the two bipolar IAT versions, pleasant + alcohol vs. neutral + soft drink for the two unipolar positive IAT versions, and unpleasant + soft drink vs. neutral + alcohol for the two unipolar negative IAT versions). Fourth, the same response mapping was repeated for 48 more trials. Fifth, participants sorted alcoholic drinks and soft drinks again for 48 trials with the reversed response mapping (i.e., if alcohol was previously sorted using the left response key, it now had to be sorted using the right response key). Sixth, participants again sorted stimuli from all four categories for 24 trials, but now with the reversed response mappings for the target categories (e.g., pleasant + soft drink vs. unpleasant + alcohol for the two bipolar IAT versions, pleasant + soft drink vs. neutral + alcohol for the two unipolar positive IAT versions, and unpleasant + alcohol vs. neutral + soft drink for the two unipolar negative IAT versions). Seventh, participants repeated the sorting conditions from the sixth block for 48 more trials. 

Target and attribute stimuli were always presented in the middle of the computer screen. In blocks with four categories, trials alternated between presenting target items and attribute items. During the task, the labels of the categories assigned to the left and right response key were presented in the corresponding upper corners of the computer screen. To emphasize the distinction between the target dimension and the attribute dimension, labels and items for the two target categories were presented in white, while labels and items for the attribute categories appeared in green against a black background. Categorization errors were signaled with a red ‘X” beneath the stimulus item and participants had to correct the response before continuing to the next trial. The intertrialinterval was 150ms. Finally, the order of the combined sorting conditions was counterbalanced across participants so half the participants performed the compatible combination (i.e., pleasant + alcohol vs. unpleasant + soft drink for the two bipolar IAT versions, pleasant + alcohol vs. neutral + soft drink for the two unipolar positive IAT versions, and unpleasant + soft drink vs. neutral + alcohol for the two unipolar negative IAT versions) before the incompatible combination (i.e., pleasant + soft drink vs. unpleasant + alcohol for the two bipolar IAT versions, pleasant + soft drink vs. neutral + alcohol for the two unipolar positive IAT versions, and unpleasant + alcohol vs. neutral + soft drink for the two unipolar negative IAT versions). The other half of the participants performed the incompatible combination before the compatible combination.

Explicit expectancies and attitudes. Explicit alcohol-related expectancies were measured with an expectancy questionnaire that consisted of 12 questions. Each question asked participants to indicate on a 7-point Likert scale how much they agreed (1 = completely disagree, 7 = completely agree) with the statement: “After drinking alcohol, I feel …” which was completed with the following words: Miserable, wretched, funny, lively, listless, nauseous, cheerful, excited, cheerless, talkative, uncomfortable, and happy (i.e., the same words that were used as attribute stimuli in the expectancy IAT versions). Explicit attitudes toward alcohol were assessed with an attitude questionnaire which consisted of 2 semantic differentials. Participants indicated on a 7-point Likert scale how much they considered drinking alcohol to be unpleasant-pleasant, and bad-good.

Alcohol use. Alcohol use was measured through a self-report questionnaire (Wiers, Hoogeveen, Sergeant, & Gunning, 1997) based on the timeline follow-back method (TLFB; Sobell & Sobell, 1990). Participants were asked to indicate how many drinks of different types of alcoholic beverages they consumed during each day of the past week.

Design and procedure

Participants were randomly assigned to one of six possible IAT versions: A bipolar IAT with general positive and negative attributes (n = 493), a bipolar IAT with positive and negative alcohol-related expectancies (n = 414), a unipolar IAT with general positive and neutral attributes (n = 485), a unipolar IAT with positive alcohol-related expectancies and neutral mood states (n = 527), a unipolar IAT with general negative and neutral attributes (n = 484), or a unipolar 477 with negative alcohol-related expectancies and neutral mood states (n = 515). Half the participants first completed the IAT, followed by the expectancy questionnaire, the attitude questionnaire and the alcohol use questionnaire, in this order. The other half of the participants received the self-report measures before they performed the IAT. 

Results

Implicit attitudes toward alcohol

IAT effects were calculated with the D600
 scoring algorithm (Greenwald et al., 2003). Following the formula presented by Greenwald et al. (2003), practice trials were always included, error penalties (600 ms) were given, and results were standardized at the level of the participant. The D600 measure was coded so that positive values indicate more positive implicit attitudes toward alcohol (for the bipolar IAT versions and the unipolar positive IAT versions) or less negative implicit attitudes toward alcohol (for the unipolar negative IAT). 

Internal consistencies were calculated for each IAT version by correlating the D600 measure calculated for the practice trials with the IAT effect measure calculated for the test trials (cf. Greenwald et al., 2003). However, dividing a measure into halves underestimates the reliability of the entire measure, and therefore we applied the Spearman-Brown correction which compensates for this underestimate of the true internal consistency (cf. Karpinski & Steinman, 2006). Internal consistencies for the bipolar alcohol-related expectancy IAT and the bipolar general IAT were .79 and .76, respectively. For the unipolar positive IATs, the internal consistencies were .78 and .81 for the alcohol-related expectancy version and the general version, respectively. Finally, Internal consistencies for the unipolar negative alcohol-related expectancy IAT and the unipolar negative general IAT were .68 and .69, respectively. Thus, while the alcohol-related expectancy IAT versions and the general affective IAT versions showed comparable internal consistencies, results did demonstrate somewhat lower internal consistencies for the unipolar negative IAT versions as compared to the bipolar IAT versions and the unipolar positive IAT versions.

To examine whether the size of IAT effects differed between the six IAT versions, we performed a 2 (attribute stimuli: general affective or alcohol-related expectancy attributes) by 3 (polarity: bipolar positive vs. negative, unipolar positive vs. neutral, or unipolar negative vs. neutral) ANOVA on the D600 measure. 
Results showed a significant effect of polarity, F(2, 2862) = 1260.44, p < .001, r = .68
, as well as a significant effect of attribute stimuli, F(1, 2862) = 110.71, p < .001, r = .19. Further, the interaction effect approached significance, F(2, 2862) = 2.87, p =.057, r = .05. We therefore analyzed the effect of type of attribute stimuli separately for the bipolar IATs, the unipolar positive IATs and the unipolar negative IATs. With respect to the bipolar IAT, results indicated that IAT effects were significantly less negative in the alcohol-related expectancy IAT version than in the general affective IAT version, F(1, 905) = 56.86, p < .001, r = .24. Similarly, IAT effects were also significantly less negative in the unipolar negative alcohol-related expectancy IAT than in the unipolar general negative IAT, F(1, 997) = 42.28, p < .001, r = .20. Finally, IAT effects were significantly more positive in the unipolar positive alcohol-related expectancy IAT as compared to the unipolar general positive IAT, F(1, 960) = 18.92, p < .001, r = .14. IAT effects per version are shown in Table 1.

Relationship with explicit measures

A mean score was calculated for positive items of the expectancy questionnaire, M = 4.92, SD = 1.07, and for negative items of the expectancy questionnaire, M = 2.64, SD = 1.13. Similarly, a mean score was calculated from the two items of the attitude questionnaire, M = 4.89, SD = .87. Correlations of these explicit expectancies and attitudes with the different IAT versions are shown in Table 2. Overall, the alcohol-related expectancy IAT versions showed a stronger relationship with explicit expectancies and attitudes than the general affective IAT versions. 

Predictive and incremental validity

An estimate of alcohol use was calculated from the TLFB questionnaire as the sum score of alcohol consumption on each day of the past week. On average, participants consumed 11.43 (SD = 9.78; range 1 – 56), Dutch standard alcoholic drinks containing 10g of alcohol. The alcohol use estimate was log-transformed before it was entered in the correlational analyses. Correlations between the IAT versions and alcohol use are shown in Table 2. Overall, the bipolar IAT versions and the unipolar positive IAT versions were significantly related to alcohol use, whereas the unipolar negative IAT versions did not show a relationship with drinking behavior. 


Next, we tested the predictive validity of the explicit measures and the incremental validity of the IAT versions using hierarchical regression analysis. To test incremental validity, explicit alcohol-related expectancies and attitudes toward alcohol were entered in step 1. The D600 IAT effect measure and two dummy variables for polarity and for attribute stimuli were entered in step 2. In step 3, we entered the products of the dummy variables and the D600 measure. Finally, in step 4, we entered the three-way interaction between the D600 measure, polarity and type of attribute stimuli to examine whether there were differences between the IAT versions with respect to incremental validity. It should be noted that we only included the bipolar IAT versions and the unipolar positive IAT versions in this regression analysis, since the unipolar negative IAT versions did not show a relationship with drinking behavior in the correlational analyses1. Further, the explicit measures, the D600 IAT measure and alcohol use were standardized before they were entered in the regression analysis and interactions were calculated using these standardized variables.

The hierarchical regression analysis predicting alcohol use is shown in Table 3. In step 1 of the regression analysis, attitudes toward alcohol significantly predicted alcohol use while negative alcohol-related expectancies borderline significantly predicted alcohol use. In step 2, only the D600 IAT effect significantly predicted alcohol use above explicit alcohol-related cognitions. The two-way interactions between the D600 IAT effect and the dummy variables for polarity and type of attribute stimuli, entered in step 3, did not significantly increase the variance explained. Finally, in step 4, the three-way interaction between the D600 IAT measure, type of attribute stimuli and polarity significantly predicted alcohol use. Hence, the relationship between the IAT effect and alcohol use varied significantly across the four IAT versions. The simple slopes for each IAT version are shown in Figure 1. As can be seen in Figure 1, the bipolar alcohol-related expectancy IAT showed the best prediction of alcohol use above the variance explained by explicit measures, compared to the other three IAT versions. The three-way interaction was further examined by testing for simple slope differences (Dawson & Richter, 2006). While the difference between the simple slope for the bipolar alcohol-related expectancy IAT and the simple slope for the bipolar general affective IAT was significant, t(1858) = 2.22, p = .027, none of the other simple slope differences reached statistical significance (p > .10). Finally, except for the bipolar general affective IAT, all simple slopes were significantly different from zero, t(1858) = 1.37,  p = .172 for the bipolar general affective IAT, t(1858) = 4.23,  p < .001 for the bipolar alcohol-related expectancy IAT, t(1858) = 3.26,  p = .001 for the unipolar general positive IAT, and t(1858) = 2.30,  p = .022  for the unipolar positive alcohol-related expectancy IAT. These results indicate that the bipolar alcohol-related expectancy IAT and both the unipolar positive alcohol-related IAT and the unipolar general positive IAT significantly predicted alcohol use above the variance explained by explicit measures.

Discussion

The aim of the present study was to compare bipolar and unipolar IAT versions that have been used in previous studies to examine implicit affective associations with alcohol, with respect to their internal consistency, IAT effects, their relationship with explicit measures and drinking behavior, and their incremental validity. While the bipolar and unipolar positive IAT variants showed comparable good internal consistencies, the internal consistency for the unipolar negative IAT variants was somewhat lower but still acceptable. Findings with both the alcohol-related expectancy and general affective IAT versions were consistent with previous findings, demonstrating overall negative implicit associations with alcohol in the bipolar IAT versions (cf. De Houwer et al., 2004; Houben & Wiers, 2006b, 2007, in press; Wiers et al., 2005; Wiers et al., 2002) and in the unipolar negative IAT versions (cf. Houben & Wiers, 2006a, 2008; Jajodia & Earleywine, 2003; McCarthy & Thompsen, 2006), but positive implicit alcohol associations in the unipolar positive IAT variants (cf. Houben & Wiers, 2006a; Jajodia & Earleywine, 2003; McCarthy & Thompsen, 2006). Further, the present findings indicated that, for both the bipolar and unipolar negative IAT variants, IAT effects were less negative in the alcohol-related expectancy IAT versions than in the general affective IAT versions. Effects in the unipolar positive alcohol-related expectancy IAT were more positive compared to the unipolar general positive IAT. Thus, when attribute categories in the IAT are operationalized using alcohol-related expectancies, the IAT yields less negative or more positive implicit affective associations with alcohol than when attribute categories consist of general affective stimuli. 

In the present study, all IAT versions showed a relationship with explicit attitudes toward alcohol with the bipolar alcohol-related expectancy IAT showing the strongest correlation. Further, all alcohol-related expectancy IAT versions showed a comparably strong relationship with explicit positive expectancies. Of the general affective IAT versions, in contrast, only the unipolar positive IAT was related to explicit positive expectancies. Finally, only the bipolar alcohol-related expectancy IAT and the unipolar positive alcohol-related expectancy IAT showed a relationship with explicit negative expectancies. Hence, although all IAT versions showed evidence for a relationship with (at least some of the) explicit measures, the alcohol-related expectancy IAT versions generally outperformed the general affective IAT versions in their relationship with explicit cognitions. Consistent with previous findings, the bipolar IAT versions and the unipolar positive IAT versions were related to alcohol use, while the unipolar negative IAT versions did not show a relationship with drinking behavior (cf. Houben & Wiers, 2006b, 2007, 2008; Jajodia & Earleywine, 2003; McCarthy & Thompsen, 2006; Wiers et al., 2005; Wiers et al., 2002). Similar to what was found with respect to the relationship between IAT effects and explicit measures, the strongest correlation with drinking behavior was obtained with the bipolar alcohol-related expectancy IAT. 

Finally, the bipolar alcohol-related expectancy IAT, as well as the unipolar positive alcohol-related expectancy IAT predicted alcohol use above the variance explained by explicit measures, which is consistent with previous studies using these IAT variants (cf. Houben & Wiers, 2006b, 2008; Jajodia & Earleywine, 2003; McCarthy & Thompsen, 2006; Wiers et al., 2002). In addition, unlike the study by Houben and Wiers (2006a), the present findings also demonstrated incremental validity for the unipolar general positive IAT. Further, no significant difference was demonstrated between the predictive validity of these three IAT variants, although the strongest incremental validity was obtained for the bipolar alcohol-related expectancy IAT. Finally, the bipolar general affective IAT did not show incremental validity which is consistent with findings reported by Houben & Wiers (in press). In contrast, Houben and Wiers (2007) did demonstrate incremental validity for this IAT variant. However, it should be noted that in this latter study, participants also performed a personalized IAT variant. The personalized IAT was developed as an alternative to the standard IAT that eliminates contamination of extrapersonal associations on IAT scores, and thereby increases the validity of the test as a measure of implicit associations (Olson & Fazio, 2004). Consequently, the incremental validity of the bipolar general affective IAT may have been artificially inflated for those participants who performed the bipolar general affective IAT after the personalized IAT. 

To summarize, the present findings demonstrate (1) that alcohol-related expectancy IAT variants are overall more strongly related to explicit measures than general affective IAT versions, (2) that both alcohol-related and general affective bipolar and unipolar positive IAT variants, but not unipolar negative IAT variants, are related to drinking behavior, and (3) that the bipolar alcohol-related expectancy IAT as well as both the unipolar positive alcohol-related expectancy IAT and the unipolar general positive IAT predicted drinking behavior above explicit measures. Further, the overall pattern of results suggests that the bipolar alcohol-related expectancy IAT outperforms all other IAT variants with respect to its relationship with explicit measures and drinking behavior as well as with respect to incremental validity. 

It should be noted, however, that the present study examined possible differences between IAT versions measuring implicit affective associations with alcohol that differed only with respect to the operationalization of the attribute dimension, but not with respect to the target dimension. It is therefore unclear how these findings generalize to Single-Category IAT variants (SC-IAT; Karpinski & Steinman, 2006) that present only one target category (e.g., alcohol) but are otherwise similar to the IAT versions tested in the present study. Highly similar results to those reported here have been found with both a bipolar general affective SC-IAT (Friese, Hofmann, & Wänke, in press) and unipolar alcohol-related expectancy SC-IATs (Houben & Wiers, 2008; Thush & Wiers, 2007), and incremental validity has been demonstrated for both SC-IAT versions. Nevertheless, Houben and Wiers (2008) demonstrated superior predictive and incremental validity for the unipolar alcohol-related expectancy IAT compared to the unipolar alcohol-related expectancy SC-IAT, suggesting that the IAT versions tested in the present study may be more valid measures of implicit alcohol associations than the SC-IAT. However, this conclusion may be premature and future research needs to further examine the reliability and validity of the SC-IAT as a measure of implicit alcohol associations.
Dual-process view of alcohol use and abuse

The present findings lend further support for the presence of an associative cluster in which alcohol is associated with positive affect. Moreover, the strength of these implicit affective associations with the concept alcohol is related to drinking behavior: More positive implicit affective associations with alcohol (measured with bipolar or unipolar positive IAT versions) predict increased drinking levels. It should be noted that implicit affective associations with alcohol have also been measured using other indirect measures than IAT, including the Extrinsic Affective Simon Task (EAST; De Houwer, 2003). Consistent with the present findings, studies using variants of the EAST have also demonstrated that stronger positive implicit associations with alcohol predict higher levels of drinking behavior (De Houwer & De Bruycker, 2007; de Jong, Wiers, van de Braak, & Huijding, 2007). In contrast, implicit associations between alcohol and negative affect (measured with negative unipolar IAT versions) appear unrelated to drinking behavior, suggesting that negative affect is not fully integrated in this associative cluster, perhaps because they are formed by reflective processes rather than automatic associative learning (cf. Deutsch & Strack, 2006).

Further, as stated in the introduction, the impulsive system not only automatically appraises stimuli in terms of their affective value but also in terms of their motivational significance. The importance of motivational significance is also stressed in other influential models of addiction, such as the incentive-sensitization theory (Robinson & Berridge, 1993, 2003). According to the incentive-sensitization theory, addiction is the result of a sensitized “wanting” system that automatically increases attention for substance-related stimuli, increases arousal, and activates approach responses toward substance-related stimuli. Moreover, it was recently argued that incentive sensitization belongs to the impulsive system and might reflect hyperactivity of the impulsive system (Bechara, Noel, & Crone, 2006; Deutsch & Strack, 2006). In addition, theories of normal appetitive behavior suggest a tight link between affect and motivation with the affective value of stimuli indicating whether an appetitive (approach) or a defensive (avoid) motivational system becomes activated, and the degree of arousal reflecting the degree of motivational activation (Bradley, 2000). 

Consistent with these models, studies using the IAT have also found support for the existence of a motivational cluster, including implicit arousal and approach associations, involving the concept alcohol. With respect to the scope of the present study, it should be noted that implicit arousal associations with alcohol and implicit approach tendencies towards alcohol have been examined using only alcohol-related expectancy IAT variants. First, studies that have used the IAT to examine implicit associations between alcohol and arousal have consistently demonstrated strong implicit arousal associations with alcohol (De Houwer et al., 2004; Houben & Wiers, 2006a; Wiers et al., 2005; Wiers et al., 2002). Moreover, these implicit arousal associations have been demonstrated to predict drinking behavior above explicit measures and are also strongly related to implicit affective associations with alcohol (Houben & Wiers, 2006a; Wiers et al., 2005; Wiers et al., 2002). Second, research has shown that alcohol is also implicitly associated with approach behavior and that these implicit approach associations with behavior are related to drinking behavior (Palfai & Ostafin, 2003), and show incremental validity with respect to drinking behavior (Ostafin, 2006). Hence, together results with the IAT suggest that appetitive reactions to alcohol cues, including positive affect and increased levels of arousal, are an integral part of the associative cluster representing the concept alcohol in the impulsive system. Moreover, these appetitive reactions may have strong associative links to behavior and thereby instigate further drinking through automatic activation of behavioral approach schemata. 
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Table 1

Mean IAT effects (D600 effect measure), t-value, and effect size (r) per IAT version.

	
	
	M
	SD
	t (df)
	r

	Bipolar
	Alcohol
	-.47
	.48
	-19.91 (413)**
	.70

	
	General
	-.70
	.44
	-35.33 (492)**
	.85

	Unipolar positive
	Alcohol
	.31
	.46
	14.61 (476)**
	.56

	
	General
	.17
	.51
	7.31 (484)**
	.32

	Unipolar negative
	Alcohol
	-.61
	.38
	-36.24 (514)**
	.85

	
	General
	-.76
	.38
	-44.18 (483)**
	.90


Note. ** = t-value is significant at the .05 level (2-tailed).

Table 2

Correlations of the different IAT versions with explicit alcohol-related cognitions and alcohol use.

	
	Bipolar
	
	Unipolar positive
	
	Unipolar negative

	
	alcohol
	general
	
	alcohol
	general
	
	alcohol
	general

	Positive expectancies
	.10*
	.01
	
	.10*
	.10*
	
	.16**
	.03

	Negative expectancies
	-.18**
	-.08
	
	-.12**
	-.06
	
	-.07
	-.06

	Attitude
	.28**
	.18**
	
	.14**
	.15**
	
	.15**
	.10*

	Alcohol use
	.28**
	.11*
	
	.15**
	.19**
	
	.05
	.03


Note. * = Correlation is significant at the .05 level (2-tailed). ** = Correlation is significant at the .01 level (2-tailed).

Table 3

Summary of hierarchical regression analysis predicting alcohol use. 

	Step
	Variable
	β
	SE β
	t
	p

	1
	Positive alcohol expectancies
	.02
	.02
	1.05
	.295

	
	Negative alcohol expectancies
	-.04
	.02
	-1.87
	.062

	
	Attitude toward alcohol
	.30
	.02
	12.34
	< .001

	2
	Positive alcohol expectancies
	.02
	.02
	.97
	.334

	
	Negative alcohol expectancies
	-.04
	.02
	-1.64
	.102

	
	Attitude toward alcohol
	.28
	.03
	11.51
	< .001

	
	IAT
	.12
	.02
	5.43
	< .001

	
	Polarity
	.00
	.02
	.00
	1.00

	
	Type of attribute stimuli
	.00
	.02
	.00
	1.00

	3
	Positive alcohol expectancies
	.02
	.02
	.95
	.342

	
	Negative alcohol expectancies
	-.04
	.02
	-1.60
	.110

	
	Attitude toward alcohol
	.28
	.03
	11.49
	< .001

	
	IAT
	.10
	.04
	2.68
	.007

	
	Polarity
	.00
	.03
	.00
	1.00

	
	Type of attribute stimuli
	.00
	.03
	.00
	1.00

	
	IAT x polarity
	-.00
	.03
	-.09
	.933

	
	IAT x type of attribute stimuli
	.03
	.03
	1.06
	.288

	
	Polarity x type of attribute stimuli
	.00
	.04
	.00
	1.00

	4
	Positive alcohol expectancies
	.02
	.02
	.92
	.359

	
	Negative alcohol expectancies
	-.04
	.02
	-1.60
	.110

	
	Attitude toward alcohol
	.28
	.03
	11.45
	<.001

	
	IAT
	.06
	.04
	1.37
	.172

	
	Polarity
	.00
	.03
	.00
	1.00

	
	Type of attribute stimuli
	.00
	.03
	.00
	1.00

	
	IAT x polarity
	.06
	.04
	1.36
	.176

	
	IAT x type of attribute stimuli
	.10
	.04
	2.22
	.027

	
	Polarity x type of attribute stimuli
	.00
	.04
	.00
	1.00

	
	IAT x polarity x type of attribute stimuli
	-.10
	.04
	-2.06
	.040


Note.  F(3, 1865) = 75.32, p < .001, R2 = .11, for step 1; Fchange(3, 1862) = 9.81, p = .014, R2change = .01, for step 2; Fchange(3, 1859) = .38, p = .769, R2change = .00, for step 3; Fchange(1, 1858) = 4.23, p = .002, R2change = .00, for step 4. Final model: R2 = .12, R2adjusted = .12, F(10, 1858) = 26.41, p < .001. 

Figure 1

A three-way interaction plot illustrating the simple slopes for the prediction of alcohol use by implicit alcohol attitudes (D600 IAT effect measure) separately for the different IAT versions.
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�Compare with the Brief IAT results in Sriram & Greenwald.


�This hasn’t been introduced, has it?


�Readers not already familiar with all of these IATs will likely find tis summary confusing.


�Why use this instead of built-in error penalty?


�It would be good to describe the results before presenting these tests of significnce


�not clear what the meaning of r is for an F ratio with 2 numerator df (or who it is computed).





