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ABSTRACT 

 Alcohol and cannabis use are prevalent among college students, and some are at 

risk for developing alcohol and cannabis use disorders. However, many students report 

using substances without experiencing negative consequences. This may be due, in part, 

to use of protective behavioral strategies (PBS), or ways in which individuals moderate 

consumption and/or reduce associated negative consequences. Although the study of 

alcohol and cannabis PBS has grown exponentially in the last few years, many limitations 

remain. Specifically, limited psychometric work has been done on the most widely used 

measures of alcohol- and cannabis-related PBS. Thus, the purpose of this study was to 

examine psychometric properties of the Protective Behavioral Strategies Survey (PBSS-

20) and the Protective Behavioral Strategies for Marijuana (PBSM) scales, as well as the 

PBS-consequences association. Analyses include exploratory and confirmatory analyses 

on independent data sets, multigroup confirmatory analyses testing measurement 

invariance across gender, graded response models assessing trait-level information, and 

structural equation models using PBS to predict substance-related outcomes. Exploratory 

factor analyses indicated significant cross-loading on several items on both factors, 

though original factor structures were retained based on model fit and for replication 

purposes. Measurement invariance across gender was not exhibited by the PBSS-20 or 

PBSM. Item response theory analyses indicated specific items on both measures 

exhibited significant gender differences in amount of information, as well as location of 

information across the latent trait. No items provided significant information above 

average on the latent trait. All PBS items significantly associated with substance use 

outcomes were negative in direction and ranged from small to large in magnitude. 

Implications and future directions are discussed. 
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CHAPTER 1 

INTRODUCTION 

Alcohol and Cannabis Outcomes among College Students 

 For millennia, young adults have used substances to alter their consciousness 

(Curran et al., 2016). Among American college students, past-year prevalence of alcohol 

use was approximately 80% in 2016, with 32% reporting at least one binge-drinking 

episode in the past two weeks (Schulenberg et al., 2017), both of which are higher 

compared to non-college peer prevalence rates.
1
 Further, rate of cannabis use among 

college students is dramatically increasing.
2
 For example, in 2016, past-year prevalence 

was estimated to be 43% among college students, with nearly 10% endorsing daily use 

(Schulenberg et al., 2017), compared to approximately 38% and 4.6% for past-year and 

daily use, respectively, in 2015 (Johnston, O’Malley, Bachman, Schulenberg, & Miech, 

2016). Given the large prevalence of college students who consume alcohol, especially 

via binge drinking, as well as the rise in cannabis use, many students may be at risk for 

consequences associated with use.  

 Alcohol- and cannabis-related problems. Alcohol use is associated with a host 

of negative consequences, ranging from academic issues to injury, sexual assault, and 

death (Nolen-Hoeksema, 2004; Perkins, 2002; Wechsler, Davenport, Dowdall, 

Moeykens, & Castillo, 1994). Each year, binge drinking is responsible for approximately 

600,000 injuries and 97,000 sexual assaults on college campuses in the United States 

alone (National Institute on Alcohol Abuse and Alcoholism [NIAAA], 2015). Previous 

                                                 
1
 Binge drinking is defined as four or more standard drinks [five for males] within two hours (i.e., four or 

more standard drinks [five for males] within two hours (NIAAA, 2004). 
2
 Given the pejorative origins of the term ‘marijuana’ (see Campos, 2012; Mosher & Akins, 2006), the term 

cannabis will be used in this work.   
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research also indicates cannabis use, like alcohol, can yield negative consequences, 

including academic (e.g., attention difficulties, missing class, lower grade-point average, 

delaying graduation) and psychological problems (e.g., increased anxiety; Buckner, 

Ecker, & Cohen, 2010; Caldeira, Arria, O’Grady, Vincent, & Wish, 2008; Suerken et al., 

2016). Unlike alcohol, some evidence suggests adolescent use of cannabis yields 

psychotic symptoms later in adulthood (Andréasson, Engström, Allebeck, & Rydberg, 

1987), though others indicate this association may be due to heterotypic continuity (e.g., 

Ksir & Hart, 2016). Nevertheless, it is clear that some students experience serious 

negative consequences as a function of their alcohol and/or cannabis use, including 

alcohol and cannabis use disorders.  

 Alcohol and cannabis use disorders. Regarding AUD prevalence, studies 

indicate within the U.S. adult population, approximately 27% of 18-29 year-olds meet 

criteria for AUD. (National Epidemiologic Survey on Alcohol and Related Conditions 

[NESARC], 2012-2013; Grant et al. 2015). In 2014, it was estimated approximately 4.3 

million 18-25 year-olds met criteria for an AUD (using DSM-IV criteria; Center for 

Behavioral Health Statistics and Quality, 2015). Previous research using samples of 

college students who report any alcohol use in the past 90 days indicate that 50% met 

proposed DSM-5 AUD criteria (though craving was not included; Hagman & Cohn, 

2011). Recently, Joyner et al. (2016) found that, among non-treatment seeking college 

students who reported at least two heavy drinking episodes (i.e., 4/5 drinks for women 

and men, respectively, in the past month), nearly 84% endorsed at least one AUD 

criterion; further, approximately 32%, 20%, and 14% met criteria for a mild, moderate, 
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and severe AUD, respectively. Despite sample-specific discrepancies, data indicate 

millions of college students meet the current criteria for an AUD.  

Limited data are available regarding the prevalence of DSM-5 CUD among 

college students, especially considering many recently published studies are using DSM-

IV-TR criteria for CUD (e.g., Whiteley et al., 2017) or partial DSM-5 criteria (e.g., 8 of 11 

symptoms; Dierker, Mendoza, Goodwin Selya & Rose, 2017). Nevertheless, among 

college students, previous studies estimate that approximately 25% of cannabis users 

meet criteria for cannabis abuse or dependence (based on DSM-IV criteria; Caldeira et al., 

2008)
3
. More broadly, using DSM-IV criteria, data from NESARC suggested an increase 

in cannabis use among U.S. adults (aged 18 and older) from 4.1% in 2001-2002 to 9.5% 

in 2012-2013 (Hasin et al., 2015); however, while approximately 30% of past-year 

cannabis users met CUD criteria between 2012-2013, a significantly greater proportion 

met CUD criteria in 2001-2002 (i.e., 36%).  

Thus, despite a significant increase in cannabis use prevalence among U.S. adults, 

CUD rates have decreased. Speculatively, one explanation for this discrepancy (i.e., 

increased consumption but fewer CUDs) may be use of cannabis-related protective 

behavioral strategies (PBS). Indeed, a multitude of studies indicate PBS use reduces 

alcohol-related problems among alcohol users (see Pearson, 2013). However, to date, no 

study has examined the relations between PBS use and DSM-5 criteria for either, AUD or 

CUD. That said, substantial PBS-related clinical and research efforts have largely 

focused on alcohol (Pearson, 2013), and emerging work has begun to examine the impact 

                                                 
3
 This research indicated over 60% of past-year college student cannabis users were classified as “non-

problematic users,” though it is important to note that individuals who reported less than 5 cannabis use 

episodes in the past-year were not assessed for CUD criteria (Caldeira et al., 2008). 
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of cannabis-related PBS (Bravo, Prince, & Pearson, 2016; Pedersen, Hummer, Rinker, 

Traylor, & Neighbors, 2016).  

Alcohol- and Cannabis-Related Protective Behavioral Strategies 

 The notion that individuals who engage in problematic alcohol and cannabis use 

could benefit from strategies to reduce alcohol- and cannabis-related consequences, 

rather than strive for total abstention, is a relatively recent tenet among clinicians 

(e.g., Bigelow, Cohen, Liebson, & Faillace, 1972). As a corollary, the study of techniques 

to moderate consumption and/or reduce associated negative consequences, broadly 

referred to as protective behavioral strategies (PBS), remains in a relatively nascent stage. 

Over the past decade, however, clinical and research interest regarding the potential 

utility of protective behavioral strategies (PBS) has grown exponentially (Bravo, Prince, 

& Pearson, 2015; Bravo et al., 2016; Pearson, 2013; Prince, Carey, & Maisto, 2013). 

Born out of harm-reduction approaches to treating substance-related problems, PBS are 

any behaviors implemented to either reduce consumption and/or consequences associated 

with a specific substance (Martens et al., 2005).  

 PBS and alcohol-related outcomes. One of the most consistent findings is that 

PBS use reduces alcohol-related consequences, which has been replicated in large-sample 

studies (i.e., N ~ 500-29,000; Araas & Adams, 2008; Benton et al., 2004; Martens et al., 

2004), as well as smaller, more homogenous college samples, including Black students 

(Madson, Villarosa, Moorer, & Zeigler-Hill, 2015), lesbian, gay, and bisexual emerging 

adults (Ebersole, Moorer, Noble, & Madson, 2015), women who want to lose weight 

(Dams-O’Connor, Martens, & Anderson, 2006), and athletes (Weaver, Martens, & Smith, 

2012; Yusko, Buckman, White, & Pandina, 2008). Indeed, use of PBS is often associated 
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with fewer problems, even after adjusting for consumption (e.g., Delva et al., 2004; 

Martens et al., 2004). Moreover, Borden et al. (2011) found PBS use moderated the 

alcohol use-consequences relation, such that more PBS use weakens the relation. Further, 

some research suggests PBS may be protective against specific types of alcohol-related 

consequences, including physical, intrapersonal, interpersonal, and occupational 

problems (as assessed by the Rutgers Alcohol Problems Index and Young Adult Alcohol 

Problems Screening Test; e.g., Pearson, Kite & Henson, 2012), as well as perceived and 

experienced sexual-related risks (Logan, Koo, Kilmer, Blayney & Lewis, 2015), 

including unwanted sexual contact (Palmer, McMahon, Rounsaville, & Ball, 2010). 

Estimates suggest after adjusting for heavy drinking, PBS use explains up to 5% 

(depending on the type of PBS)
4
 of the variance in alcohol-related consequences (Ray, 

Turrisi, Abar, & Peters, 2009). Although this indicates small-to-medium effect sizes 

(Cohen, 1988), this research also suggests that PBS use has a unique influence on 

alcohol-related consequences (Ray et al., 2009). 

 PBS and cannabis-related outcomes. Although significantly less research has 

been conducted on cannabis-related PBS, emerging work suggests PBS use significantly 

reduces both, cannabis consumption and related problems, among college students 

(Bravo, Prince, Pearson, & The Marijuana Outcomes Study Team, 2017; Pedersen et al., 

2016; Pedersen, Huang, Dvorak, Prince, & Hummer, 2017). Specifically, cannabis-

related PBS have shown to be negatively correlated with past-month consumption (i.e., 

number of days; Pedersen et al., 2017) and heaviest weekly use (Pearson, Bravo, & 

                                                 
4
 Heavy drinking accounted for 37% of the variance in consequences. The following ΔR

2
 estimates were 

reported when PBS subtypes were added as mediators of the drinking-consequences relation: Pacing = .05, 

Setting Limits = .05, Social = .04, Diluting = .02 (all ps < .05). 
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Conner, 2017). Cannabis-related PBS use has also demonstrated significant negative 

relations with the Marijuana Consequences Questionnaire and its brief version, as well as 

the Cannabis Use Disorders Identification Test (Pedersen et al., 2016, 2017). Moreover, 

Bravo, Anthenien, Prince, Pearson, and the Marijuana Outcomes Study Team (2017) 

found cannabis consumption accounted for 25% of the variance in the PBS use-cannabis-

related problems association, indicating PBS may yield reductions in consumption and 

consequences. Thus, initial findings suggest a robust negative relation between PBS use 

and cannabis-related outcomes.    

 Strengths and limitations of existing research. Although significant strides 

have been made regarding psychometric evaluation of PBS measures (e.g., measurement 

invariance testing, use of an item response theory [IRT] framework), limitations remain. 

For example, to this author’s knowledge, no EFA has been conducted on the PBSS-20 

items (i.e., EFA was completed prior to removal of several items; Treloar, Martens, & 

McCarthy, 2015). Further, only one test of measurement invariance has been conducted 

on the PBSS-20 (i.e., gender; Treloar et al., 2015) and PBSM (i.e., gender, race, ethnicity, 

and legal status; Pedersen et al., 2017), respectively. Treloar et al. (2015) only found 

evidence for partial scalar invariance of the PBSS-20 using suggested approaches. For the 

PBSM, differential item functioning was tested to create a short form of the measure 

(Pedersen et al., 2017), though recommended invariance testing practices were not used 

(e.g., Stevens, Blanchard, Shi, & Littlefield, 2017). Given this, more measurement 

invariance testing for these measurements (e.g., gender invariance) is warranted.  

 Moreover, to date, only one psychometric evaluation of the PBSM has been done 

using an IRT approach. Prior to 1960, classical test theory (CTT), which concentrated on 
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reliability, was the prevailing method of test construction and evaluation (Lord & Novick, 

1968). Item response theory (IRT) or latent trait theory (also known as modern test 

theory; Embretson & Reise, 2000), is an approach to test measurement which has by and 

large replaced CTT. From an IRT perspective, item scores are a function the person’s 

behavior (i.e., how the item is endorsed), as well as the properties of the item; contrarily, 

in CTT, observed scores are thought to reflect the true score (or trait) plus error, where 

item properties are conceptualized as independent of behavior and error is thought to be 

equivalent across items and individuals (Embretson & Reise, 2000). IRT has several 

advantages over CTT, including ability to estimate trait level from any test item, 

interrelated item properties and item responses, and potential for increased reliability with 

shorter tests (see Embretson & Reise, 2000, p. 15, for “old” versus “new rules” of 

measurement). Therefore, use of IRT is a significant strength of the cannabis-related PBS 

literature, as few assessments have undergone an IRT-based evaluation. Indeed, no IRT 

examinations of any alcohol-related PBS measure (including the PBSS-20) have been 

conducted to date. Nevertheless, much more work is needed in terms of psychometric 

evaluation of the PBSM. For example, exploratory and confirmatory analyses by an 

independent research group is necessary in states where recreational cannabis use is not 

legalized, as this describes most of the United States.
5
  

Purpose of the Proposed Study 

The current study aimed to address several limitations in the existing PBS 

assessment literature. Specifically, exploratory, confirmatory, and IRT-based analyses 

were conducted on the PBSS-20 and PBSM (see Appendix A for review of all PBS 

                                                 
5
 Recreational cannabis use is only legal in nine states and the District of Columbia (Ingraham, 2018; 

National Conference of Legislatures, 2017).    
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measures). Because the PBSS is the most widely used measure to date, the revised 

version with improved psychometrics, the PBSS-20, was chosen as the measure of 

alcohol-related PBS. The PBSS-20 was chosen over the PBSS-R (i.e., another revised 

PBSS scale; Madson, Arnau, & Lambert, 2013) due to increased number of items (i.e., 20 

versus 17) and higher internal consistency for the SHR subscale (i.e., α = .86 versus .79).  

 Measurement invariance across gender was tested using multigroup confirmatory 

factor analyses for both measures to establish this important psychometric property. 

Further, structural equation models were utilized to examine specific PBS as a function of 

consumption. Understanding how specific PBS relate to different levels of consumption 

may help elucidate which strategies are most effective. Preliminary evidence indicates 

items of the original PBSS exhibited differential item functioning across alcohol use 

status (Blanchard, Stevens, & Littlefield, 2017), though more detailed analyses (including 

examinations of relations with consequences) are warranted.  

The proposed study also aimed to examine relations between PBS use and 

substance-related consequences, as assessed by DSM-5 alcohol and cannabis use disorder 

criteria, which has not yet been done in the existing literature. Additionally, a novel 

methodological approach will be utilized to assess how PBS relate to use disorders (i.e., 

as a function of severity level). A more nuanced understanding of PBS use-outcome 

relations may help to clarify equivocal findings in existing literature and provide a more 

psychometrically-sound evaluation of alcohol- and cannabis-related PBS for future 

research and clinical interventions.  

Research Questions, Rationale, and Specific Hypotheses 

Research Question 1: Which factor structures best fit the PBSS-20 and PBSM?  
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 Rationale: After providing a critical review of the PBS literature, Pearson (2013) 

recommended both EFA and CFA replications of PBS assessments to advance this area 

of research. Although the accepted PBSS framework (including the PBSS-20) consists of 

three subscales (SLD, MOD, SHR), this structure has not fit the data in other samples 

(e.g., Cadigan, Weaver, McAfee, Herring, & Martens, 2015). Previous work on the 

original PBSS also indicated a two-factor solution (i.e., controlled consumption and 

serious harm reduction) fit the data better than the accepted three-factor model, which led 

to the PBSS-R (Madson et al., 2013; see Appendix A). Additionally, analyses by Walters, 

Vader, Harris, Field, and Jouriles (2009) suggested a four-factor solution to be a better fit 

for college men (i.e., SLD split into Mixing Nonalcoholic Drinks and Planned Limits on 

Drinking), though these findings are limited by small sample size and lack of 

confirmatory factor analyses. However, others have improved fit of the three-factor 

solution by dropping “stop drinking at a predetermined time,” (e.g., Pearson et al., 2012) 

or correlating disturbance terms between this item and “leave the bar/party at a 

predetermined time” (e.g., Martens, Pedersen, LaBrie, Ferrier, & Cimini, 2007; Cadigan 

et al., 2015). However, both of these items remain on the PBSS-20. Further, after adding 

items to the SHR reduction scale and removing three items from SLD and MOD, only 

results of the three-factor model were provided for the subsequent EFA and CFA (Treloar 

et al., 2015).  

 Regarding the PBSM, the one-factor solution has been tested a limited number of 

times, including all of the psychometric validation work (i.e., Pedersen et al., 2017) by 

the same research team (Pedersen et al., 2016, 2017). A PCA was initially used to create 

this measure (Pedersen et al., 2016), though a later EFA indicated a five-factor model 
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may also fit the data (Pedersen et al., 2017). Although they chose to retain the one-factor 

model after evaluation of the screen plot and CFA fit of the one-factor model, multiple 

factors may be present, and modeling these may be beneficial for several reasons.  

 First, the PBSM’s creation was based on the PBSS, which in all factor structures, 

yields a minimum of two factors: one which reduces consumption and one consisting of 

items focused on reducing negative consequences (Madson et al., 2013; Martens et al., 

2005, 2007). Second, because a large portion of the sample came from states in which 

recreational cannabis use was legal, it may be the harm reduction items were used less 

frequently (e.g., “use eye drops so others do not know you have used”) in that sample. 

More psychometric work is necessary using samples in states where cannabis use is still 

criminalized. Third, some of the greatest criticisms of the original PBS work was the use 

of summed-score approaches (see Prince et al., 2013 for a critical methodological 

review), as this likely contributed to the equivocal findings within the literature (see 

Pearson, 2013). In light of this, reexamination of the PBSM factor structure is necessary. 

 Hypothesis 1a: A two-factor (minimum) structure reflecting a factor in which 

strategies are meant to reduce consumption and another reflecting avoidance of negative 

consequences will best fit the data for the PBSS-20.  

 Hypothesis 1b: A two-factor (minimum) solution will emerge from an EFA of 

the PBSM, reflecting strategies aimed at reduced consumption and a separate factor 

reflecting strategies aimed at reduced negative consequences.   

 Hypothesis 1c: The retained factors will differentially relate to measures of 

consumption and related-problems.   
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Research Question 2: Do specific PBS types vary across levels of consumption 

and alcohol and cannabis use disorder severity?  

 Rationale: Previous research posits certain PBS may reflect course-referenced 

dynamic predictors (see Sher, Gotham, & Watson, 2004). For example, one longitudinal 

study found strategies of pacing and consuming drinks with lower alcohol content, over 

time, was indicative of individuals who met criteria for alcohol use disorder initially and 

did not remit (Sher et al., 2004). As such, it is possible certain strategies represent early 

problem recognition and/or failed attempts at moderation. This suggests certain strategies 

may, in fact, be early markers of problematic drinking - rather than protective of high 

levels of drinking. More specifically, strategies may be indicative of experiencing 

specific deleterious (or numerous) consequences.   

 Previous evidence indicates at least four items on the original PBSS exhibited 

differential item functioning when examined across levels of alcohol consumption (i.e., 

quantity and frequency, separately): “Determine not to exceed a set number of drinks”; 

“Avoid drinking games”; “Avoid trying to “keep up” or “out-drink” others”; and 

“Drinking slowly, rather than gulp or chug” (Blanchard et al., 2017). Further, the last two 

items exhibited positive associations with quantity of past-month alcohol use during 

differential item functioning testing. As such, more nuanced item-level analyses are 

warranted. Although longitudinal data is necessary to discern dynamic predictors, if true 

course-referenced dynamic predictors are present, these behaviors should be predictive of 

alcohol use disorder criteria at any given time (see Sher et al., 2004). Although this has 

not been tested, it may be that cannabis-related PBS may also exhibit these relations. 
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 Hypothesis 2a: Certain PBS items will differentially relate to levels of alcohol 

and cannabis consumption. Specifically, items reflecting pacing behaviors (e.g., 

“Drinking slowly, rather than gulp or chug” from the PBSS-20 and “Avoid methods of 

using marijuana that can make you more intoxicated than you would like [e.g., using 

large bongs, volcano, ‘edibles,’ etc.]” from the PBSM) will be associated with higher 

levels of consumption.  

 Hypothesis 2b: Items from the PBSS-20 and PBSM associated with higher levels 

of consumption will also reflect greater endorsement of alcohol- and cannabis-related 

problems, respectively, as assessed by DSM-5 AUD and CUD criteria. 

Research Question 3: What is the alcohol- and cannabis-related PBS use relation? 

 Rationale. To date, only one study has examined the link between alcohol- and 

cannabis-related PBS. Specifically, Pedersen et al. (2016) calculated correlations between 

subscales of the original 15-item PBSS and the PBSM. Correlations were statistically 

significant (i.e., ps < .01) and ranged from .25 (SLD) to .32 (MOD). Because the PBSS-

20 has improved psychometric properties compared to the original version, these 

associations (i.e., PBSS subscales and PBSM) were reevaluated in the current study.  

 Hypothesis 3: PBSS-20 subscales and PBSM subscale(s) will demonstrate small-

to-medium correlations.  
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CHAPTER 2 

 

METHOD 

Participants 

 Participants (N ~ 1,003) consisted of undergraduates from Texas Tech University 

who were 18 years old and older currently taking psychology courses. Participants 

received research credit for participation. All measures and procedures were approved by 

the Texas Tech University Institutional Review Board (IRB).  

Materials 

 Demographics. Participants were asked to provide information on several 

demographic variables, including age, race, ethnicity, sex, gender, student status, and 

fraternity/sorority affiliation. Date of survey completion was also recorded.  

 Alcohol consumption. Prior to asking participants questions regarding alcohol 

consumption, the NIAAA standard drink graphic was provided to ensure 

psychoeducation on the definition of a standard drink. Recommended items by the 

NIAAA were used to assess consumption, as well a binge drinking. Specifically, lifetime 

use, as well as past-year frequency and past two-week frequency, typical quantity, largest 

number of drinks in 24 hours, frequency of heavy drinking, and binge drinking (i.e., 4/5 

drinks in 2 hours for women/men) were assessed. Questions include the phrase, “By a 

drink we mean half an ounce of absolute alcohol (e.g. a 12-ounce can or glass of beer or 

cooler, a 5-ounce glass of wine, or a drink containing 1 shot of liquor).” Items range from 

4-9-point scales. For example, frequency items range from “1-2 times in the past year” to 

“every day”; quantity items range from “1 drink” to “25 or more drinks.”  

 Alcohol use disorder criteria. To assess alcohol-related consequences which 

qualify individuals for alcohol use disorders, the 11 DSM-5 alcohol use disorder items 
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were used (American Psychiatric Association [APA], 2013). Participants first received 

the following prompt: “The following is a list of things that sometimes happen to people 

either during, or after they have been using alcohol. Select either YES or NO to indicate 

whether that item describes something that has happened to you in the past 12 months.” 

Participants endorsing two or more items were categorized as having an alcohol use 

disorder in relevant analyses. Otherwise, participants will be grouped by severity based 

on number of symptoms (i.e., 2-3 = mild; 4-5 = moderate; 6+ = severe; APA, 2013).  

 Protective Behavioral Strategies Scale-20. The PBSS-20 is a 20-item self-report 

measure which assesses three types of alcohol-related protective behavioral strategies: 

stopping/ limiting drinking (SLD), manner of drinking (MOD), and serious harm 

reduction (SHR; Treloar et al., 2015). The PBSS-20 uses a 5-point Likert-type scale 

ranging from 1 (never) to 5 (always). Prior to responding to PBS items, participants 

received the following instructions: “Indicate the degree to which you deliberately 

engage in the following behaviors when using alcohol or “partying” to limit your 

drinking or prevent excessive alcohol use or unwanted consequences.” Previous work 

indicates good internal consistency (α = .85-.88; Treloar et al., 2015).                  

 Cannabis consumption. Prior to assessing details regarding cannabis, 

participants were asked the following binary question: “In your lifetime, have you ever 

used marijuana in any form?” Participants who respond “yes” will be asked for more 

details regarding cannabis use. To assess cannabis consumption, a measure was created 

based on a modified Daily Drinking Questionnaire format (see Pearson et al., 2017 for 

details).
6
  

                                                 
6
 One deviation from the measure used by Pearson et al. (2017) is the current measure did not break up 

each day into six 4-hour blocks of time.  
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Participants were asked to recall aspects of their past month and then asked for 

aspects of their cannabis use (see Appendix B). This was used to assess past 30-day 

heaviest cannabis use. Examples will be provided for method and type. Method examples 

include pipe, bong, joint, and vaporizer. Type examples include bud, hash, kief, edibles, 

and concentrates. Similar measures are frequently used (e.g., Bravo et al., 2017; Dvorak 

& Day, 2014) with some evidence in support of its psychometric validity (e.g., Williams, 

Adams, Stephens, & Roffman, 2000).   

Cannabis use disorder criteria. To assess cannabis-related consequences which 

qualify individuals for cannabis use disorders, the 11 DSM-5 cannabis use disorder items 

were used (APA, 2013). Participants first received the following prompt: “The following 

is a list of things that sometimes happen to people either during, or after they have been 

using cannabis. Select either YES or NO to indicate whether that item describes 

something that has happened to you in the past 12 months.” Participants endorsing two or 

more items were categorized as having a cannabis use disorder in relevant analyses. 

Otherwise, participants were grouped by severity based on number of symptoms (i.e., 2-3 

= mild; 4-5 = moderate; 6+ = severe; APA, 2013).  

  Protective Behavioral Strategies for Marijuana. To assess cannabis-related 

PBS, the PBSM was used (Pedersen et al., 2016). Specifically, the 50 items originally 

identified in the construction of the PBSM were assessed, which use a 6-point Likert-type 

scale, ranging from 1 (never) to 6 (always). Prior to answering items about PBS use, 

participants were provided with the following prompt: “Indicate the degree to which you 

deliberately engage in the following behaviors when using marijuana or “partying” to 

reduce consumption or excessive or unwanted consequences.” Previous psychometric 



Texas Tech University, Brittany Blanchard, August 2020 

 

16 

 

work on the 39-item version of this scale demonstrated excellent internal consistency (α = 

.95; Pedersen et al., 2016).  

Procedure 

 Participants signed up, participated, and received credit through the SONA 

system. Specifically, participants signed up for an unidentified study via the SONA 

website. They were redirected to a Qualtrics survey and provided with informed consent 

information. If they agreed to participate, they completed the battery of assessments via 

Qualtrics. Once completed, they automatically receive credit for participation.  

Data Analytic Plan 

 First, exploratory data analyses (EDA) were conducted (Tukey, 1977), including 

examination of skewness and kurtosis for continuous variables and proportions of 

responses across categorical items. Categorical response categories containing too few 

observations for meaningful comparison were collapsed (see Agresti, 2013 for ordinal 

variable assumptions). For alcohol- and cannabis-focused analyses, participants who 

indicate no alcohol use in the past 12 months (n = 142) or lifetime naiveté for cannabis (n 

= 406) were not included in the respective analyses. Participants who failed or did not 

respond to two or more of eight validity checks were removed prior to analyses (n = 26). 

Because binary gender was a variable of interest, individuals who identified as intersex (n 

=2), as well as transgender or non-binary were removed prior to analyses due to low base 

rate (n = 7).  

 Software and Model Specifications. Data management was done in Microsoft 

Excel 2013 and SAS 9.4™ software (SAS Institute Inc., Cary, NC, USA).
7
 All SEM and 

                                                 
7
 Copyright © [2002-2014] SAS Institute Inc. SAS and all other SAS Institute Inc. product or service 

names are registered trademarks or trademarks of SAS Institute Inc., Cary, NC, USA. 
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IRT-based models were computed using Mplus version 7.4 (Muthén & Muthén, 1998-

2017) and SAS 9.4™ software. Because the indicators for the PBSS-20 and PBSM are 

ordinal, a weighted least squares means and variances (WLSMV) estimator was used for 

all analyses in Mplus. WLSMV is the recommended estimator for categorical indicators 

due to robustness against normality violations (Muthén & Muthén, 1998-2017; Muthén, 

Muthén, & Asparouhov, 2015). 

 Missing data. Typically, the WLSMV estimator will delete missing data in a 

pairwise manner (i.e., the recommended approach when using WLSMV and Mplus 

default; see Asparouhov & Muthén, 2010; Muthén & Muthén 1998-2017).  

  Exploratory and confirmatory factor analyses. To answer research question 1 

and hypotheses 1a and 1b, EFAs were conducted on the PBSS-20 and PBSM with a 

geomin (i.e., oblique) rotation. A geomin rotation is “recommended when factor 

indicators have substantial loadings on more than one factor resulting in a variable 

complexity greater than one” (Muthén & Muthén 1998-2017, p .678). To determine how 

many factors to retain, a combination of approaches were used. Specifically, traditional 

approaches were, including Horn’s parallel analysis (Horn, 1965), in which eigenvalues 

of randomly generated data were compared to the eigenvalues from the sample. To 

decrease the probability of Type I error, the 95
th

 percentile estimates were used (Glorfeld, 

1995; Zopluoglu & Davenport, 2017). The Kaiser-Guttman rule (i.e., eigenvalues greater 

than 1 retained; Kaiser, 1960) was also assessed. Given the limitations of the Kaiser-

Guttman rule (e.g., lack of empirical support of use; see Reise, Waller, & Comrey, 2000), 

the subjective scree plot test (Cattell, 1966), model fit (as assessed by root RMSEA; 

Fabrigar, Wegener, MacCallum, & Strahan, 1999), and theoretical interpretability was 
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also be utilized to determine the number of retain to conducting the EFA and subsequent 

CFA(s), the data were randomly split into two samples. Prior independent samples (i.e., a 

training set and a testing set to test the EFA and CFA, respectively). The random split-

half sample was shared with the dissertation chairperson to ensure data integrity.      

 Next, confirmatory factor analyses were done to determine the fit of the factor 

solution generated by EFAs. Because these measures are meant for clinical research, in 

all tested CFAs, simple structure was assumed, such that no items were cross-loaded and 

no residual variances were allowed to correlate. Given the interest in item-level 

information, parceling (Little, Cunningham, Shahar, & Widaman, 2002) was not be used. 

To assess model fit, comparative fit indices (CFI) and root mean square error of 

approximation (RMSEA) will be examined. Although chi-square is reported because it is 

considered a traditional measure of model fit, it is important to note this will be 

significant (indicating poor model fit) when N > 400 (see Kenny, 2015). However, 

relative change in chi-square was considered. CFI estimates of .95 or higher were 

interpreted as excellent fit, whereas .90-.949 indicated good fit (Hu & Bentler, 1999). 

RMSEAs were interpreted such that .05 equals close fit, while .08-.10 suggested 

marginal-to-fair fit (Browne & Cudek, 1993). Conducting EFAs and CFAs also served to 

check multiple assumptions of IRT models (e.g., assumptions of local independence, 

unidimensionality; Embretson & Reise, 2000).  

 Measurement invariance. Prior to assessing primary IRT models, measurement 

invariance testing across gender were completed. See Appendix C for details on 

measurement invariance SEM models and procedure. Due to low base rates, testing 

invariance across Latinx and non-Latinx was not possible. There were only 179 
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participants who identified as Hispanic/Latin(x). Moreover, 112 participants responded, 

“Don’t know” when asked about their Hispanic origin, and therefore could not be 

included in this group for analyses.
8
  

 Item response theory analyses. Using an IRT-framework, items of the PBSS-20 

and PBSM were evaluated. Because items from these scales use ordinal, categorical 

response options, graded response models (GRMs) were most appropriate (i.e., 

recommended for Likert-type items; Samejima 1969, 1996). This extension of the two-

parameter logistic model estimates two main parameters: discrimination (i.e., 

discriminatory ability across different levels of latent trait; slope parameter) and 

difficulties (i.e., level of latent trait where endorsement probability is 50%; threshold 

parameters; Embretson & Reise, 2000). Fit of discrimination values are typically defined 

as very low (0.01-0.24), low (0.25-0.63), moderate (0.65-1.45), high (1.35-1.69) and very 

high (> 1.7; Baker, 2001). The number of difficulty parameters calculated was k - 1, 

where k reflects the number of response options (Embretson & Reise, 2000).  

 For PBSS-20 items, four difficulty parameters were calculated, whereas five will 

be calculated for PBSM items (though recoded items had k-1 parameters). GRM 

parameter estimates were generated using SAS PROC IRT (SAS Institute Inc., Cary, NC, 

USA) with marginal maximum likelihood estimation and a probit link function. 

Characteristic response curves (CRCs), item information curves, and total information 

curves were also generated using SAS PROC IRT. Because measurement invariance was 

not established across gender, (i.e., the items function differently across gender), separate 

                                                 
8
 Including those 112 individuals, the total N of cannabis-using Latin(x) participants was 153 (88 women 

and 65 men). Low base rate was also true for past-year alcohol use endorsement (N = 218; 134 women and 

85 men). 
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IRT analyses were conducted for women and men. This served to meet another 

assumption of IRT (i.e., parameter invariance). 

 To address research question 2 and hypotheses 2a and 2b, structural equation 

models consisting of items from each measure were used as predictors of latent 

problematic alcohol consumption
9
 (as measured by select NIAAA questions) for alcohol, 

past-month cannabis use frequency
10

, and latent substance use disorder criteria (as 

specified in the DSM-5; APA, 2013). Additionally, correlations among latent variables 

(i.e., PBS subscales and substance use outcomes) were estimated once optimal items and 

factor structures for the PBSS-20 and PBSM were established. To answer hypothesis 1c, 

a Fisher’s r-to-z transformation was used to determine whether factors of the PBSS and 

PBSM relate differently to cannabis consumption and consequences.
11

 Finally, 

correlations between variables of interest, as well as demographic variables, were 

examined. To answer research question 3, correlations between PBSS-20 subscales and 

PBSM were examined using Cohen’s (1988) criteria (i.e., small = .1, moderate = .3, large 

= .5). Other relations of interest include the correlation between PBS use and year in 

college, as well as date of assessment completion. Models were adjusted for significant 

demographic variables. More specifically, models were computed with and without these 

covariates. Finally, SAS PROC GLM will be used to determine whether significant 

differences in PBS use are exhibited across DSM substance use disorder status. 

                                                 
9
 Please note “problematic alcohol consumption” denotes a latent variable created using heaviest quantity 

and frequency, as well as number of binge episodes. This was done to distinguish this variable from 

observed alcohol consumption variables. Please note that “problematic” is not necessarily indicative of 

consequences in this context.  
10

 Due to low base rate and issues with the collected data, only past-month cannabis use frequency (i.e., an 

observed variable) was used for cannabis consumption; therefore, these are path models.  
11

 Due to the high correlation between the factors of the PBSM (i.e., r = .98), the one-factor solution was 

retained. Therefore, factor-specific analyses were not possible. 
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 Power. To estimate the number of participants necessary to replicate the factor 

structure of the PBSS-20 and PBSM, Monte Carlo simulations were conducted in Mplus 

version 7.11 (Muthén & Muthén, 2012). To determine power, models were examined for 

criteria put forth by Muthén and Muthén (2002). “The first criterion is that parameter and 

standard error biases do not exceed 10 percent for any parameter in the model. The 

second criterion is that the standard error bias for the parameter for which power is being 

assessed does not exceed 5 percent. The third criterion is that coverage remains between 

0.91 and 0.98. Once these three conditions are satisfied, the sample size is chosen to keep 

power close to 0.80. The value of 0.80 is used because it is a commonly accepted value 

for sufficient power” (Muthén & Muthén, 2002, p. 8). For all models, latent means were 

set to zero and latent variances were set to one. 

 Factor loadings from the original work were used for the PBSS-20 (Treloar et al., 

2015). Because Treloar et al. (2015) provided factor loadings for three samples, lower 

estimates were used to ensure adequate power. More specifically, for the serious harm 

reduction subscale, four items were set to .70, three items were set to .60, and one item 

was set to .55. Limiting/stopping drinking subscale items were estimated as follows: 6 

items at .60 and an item at .55. For the manner of drinking subscale, all items were 

estimated at .75. For these analyses, latent variable correlations were considered the 

parameters of interest (i.e., SHR-MOD = .50; SHR-SLD = .50; MOD-SLD = .80). Using 

multiple seeds and a sample size of 300, the largest parameter estimate bias observed was 

0.30%, with the largest error bias estimated at -2.41%. The largest parameter bias 

observed for factor loadings was -0.45%, with standard error bias of -2.20% (i.e., error on 

a factor loading). Coverage ranged from .94-.95, and power was estimated to be 100% for 
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all factor loadings and parameters of interest. Thus, a sample size of 300 should be 

sufficient for the PBSS-20 CFA.  

 Although past-year abstainers will be removed from the sample prior to analyses, 

it is estimated that 80% of college students report past-year alcohol use (Schulenberg et 

al., 2017). Given the projected sample size for the current study is 1,000, approximately 

800 participants will be used in alcohol-related analyses. Additionally, a Monte Carlo 

simulation study by Wolf, Harrington, Clark, and Miller (2013) suggested a sample size 

of approximately 425 is adequate to achieve sufficient power (i.e., > 80%) in a three-

factor CFA with 3-4 indicators and factor loadings of .50. This was used to provide a 

conservative estimate, as only the MOD subscale has four indicators and most factor 

loadings range from .60-.80. Indeed, with factor loadings of .65 and six indicators per 

subscale, the needed sample size decreases to approximately 125 (Wolf et al., 2013). 

Although some suggest a sample size of approximately 500 is necessary for a two-

parameter logistic IRT model (Tsutakawa & Johnson, 1990), other suggest as few as 200 

is adequate for detecting differential item functioning (see Thissen, Steinberg, & Gerrard, 

1986). As such, it is believed the proposed study is adequately powered for alcohol-

related analyses. 

 Because the PBSM is a unidimensional scale, all factor loadings were considered 

parameters of interest and estimated at .50. This was done to provide a conservative 

estimate, as previous PBSM CFA work only indicated items below .50 were removed 

(resulting in 36 items; Pedersen et al., 2017). Using multiple seeds, 300 observations, and 

36 items, the largest factor loading parameter bias observed was -0.83%, with the largest 

factor loading standard error bias estimated at -1.93%. Coverage ranged from .94-.95 and 
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power was estimated to be 100% for all factor loadings. Moreover, previous simulation 

work indicates for a one-factor CFA with loadings of .50 and at least eight indicators, a 

sample size of approximately 80 will yield adequate power (i.e., > 80%; Wolf et al., 

2013). Conservatively assuming 50% of participants will endorse lifetime cannabis use, 

the proposed study will contain approximately 300 cannabis users in each sample. Thus, 

cannabis-related analyses should be adequately powered for the proposed study.   
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CHAPTER 3 

RESULTS 

Exploratory Data Analysis 

 Because response options for the PBSM and PBSS-20 contain 5-6 categories, 

these items were modeled as categorical. Fifteen observations per category were 

maintained when possible. For the PBSS-20, seven items were recoded (i.e., combining 

“never” and “rarely”) in the training data set, and five items were recoded in the testing 

data set. For the final dataset, 7 of the 8 SHR items had to be recoded on the PBSS-20 in 

the same manner. For PBSM items, 16 items were recoded in the training data, with 

recoded options ranging from 4-5 options, rather than six (e.g., combining “never” and 

“rarely”), and 11 recoded PBSM items in the testing data. In the full sample, 11 PBSM 

items were recoded in the same manner. 

 Age was recoded to be centered at 18 years old. Because age was not normally 

distributed (i.e., range = 18 – 59; skew = 6.24, kurtosis = 57.30), this variable was 

Winsorized (i.e., mean + 2 SD) prior to being examined in correlational analyses, such 

that individuals over 25 were removed (n = 31). This resulted in age ranging from 18 to 

25 years old (skew = 1.37, kurtosis = 1.66).
12

 Year in school was coded such that options 

ranged from first-year student (0) to senior (3). Four variables were created to assess 

semester of assessment, as well as holidays (i.e., binary coding of fall, spring, or summer 

semester, as well if taken during a holiday – spring or Thanksgiving break). Due to low 

endorsement of taking the assessment during a holiday (n = 8, men = 0), this variable was 

not tested.  

                                                 
12

 Although Winsorizing typically entails changing outliers to the chosen limit, these individuals were 

removed due to the potential developmental differences. Moreover, the Winsorization led to a sample of 

emerging adults (as defined by Arnett, 2000).  
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 Past-month cannabis use frequency was also skewed (2.16) and kurtotic (4.41). 

This variable was also Winsorized at 2 SD (i.e., M= 4.98, SD = 8.94, range = 0 – 60 for 

women; range = 0 – 30 for men), so frequencies at or above 23 were recoded to 23 (n = 

48). This resulted in a normally distributed variable (i.e., skew and kurtosis < 2).  

 Categories were also combined to ensure adequate endorsement across all 

response options of the alcohol-specific dependent variables in the full dataset. Past-year 

binge episodes was recoded, such that “5-6 times a week” (n = 6) and “Every day” (n = 

2) were combined with “3-4+times a week”, resulting in 8 categories).  Specifically, past-

two-week largest quantity was recoded, so the responses “24 – 35” and “36+ drinks” 

were truncated to 18+ drinks (n = 23), resulting in 10 categories. Past two-week largest 

quantity frequency categories of “Almost every day” (n = 2) and “Every day” (n = 4) 

were combined with 3-5 times a week, resulting in 4 categories. The same response 

options were also collapsed for past two-week binge episodes (n = 11), leaving 5 

categories. Therefore, past two-week largest quantity frequency and number of binge 

episodes were modeled as categorical, and the remainder of the alcohol outcomes were 

modeled as continuous. All alcohol consumption variables were normally distributed, as 

were the summed DSM cannabis- and alcohol-related problems scores. See Table 1 for 

demographic descriptive statistics. 

Table 1. Descriptive Statistics for Demographic Variables 

Demographics by Gender 
 

Past-Year Alcohol 

Users (N = 810) 

Women n = 550/ 

Men n = 260 

Difference 

Testing 

Age  

 

M = 19.22, SD = 2.41 

M = 20.30, SD = 2.43 

t(809) = -5.94*** 
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Table 1. Continued 

Year in College 
First-Year Student 

Sophomore 

Junior 

Senior 

 

 326(59%)/106(41%) 

     117(21%) /41(16%) 

68(12%)/59(23%) 

46(8%)/55(21%) 

 

 χ
2
(3) = 49.39*** 

 

Race/Ethnicity 
White 

Hispanic 

 

 390(70%)/159(61%) 

78 (14%)/48(18%) 

 

 

 χ
2
(1) = 6.67** 

         χ
2
(1) = 2.63 

Frat Involvement 
No, never go to parties 

No, occasionally go to parties 

No, but often go to parties 

Yes 

Prefer not to respond/missing 

 

  197(35%)/121(46%) 

115(21%)/58(22%) 

       29(5%)/11(4%) 

207(37%)/63(24%) 

8(1%)/8(3%) 

 

χ
2
(4) = 17.85** 

Summer Assessment 77(14%)/64(25%) χ
2
(1) = 14.26*** 

Fall Assessment  390(70%)/158(61%) χ
2
(1) = 7.23** 

Spring Assessment 90(16%)/39(15%)         χ
2
(1) = 0.20 

             Note. ***p < .001, **p < .01, *p <.05; Raw variable frequencies (percentage within gender 

             provided in parentheses); Freq = frequencies. Estimates are comparable to those above in the  

             lifetime marijuana use sample, except a nonsignificant difference in identifying as White.  

  

 Please note that remaining analyses will be separated by substance type, such that 

alcohol-related analyses will be presented, followed by cannabis-focused analyses, for 

each type of analysis (i.e., EFA, CFA, measurement invariance, IRT, outcomes). When 

models are run separately by gender, estimates for women will precede estimates for 

men. Brief discussions of psychometric results are embedded within the results section to 

enhance digestibility and provide context, followed by a formal discussion section.  

Exploratory and Confirmatory Factor Analyses for the PBSS-20 

Exploratory Factor Analyses.  EFAs were conducted on the 20 PBSS-20 items 

using the training set (i.e., past-year alcohol use subset N = 401; 270 women; 131 men). 

When items were modeled as continuous, parallel analyses in Mplus (i.e., 5000 iterations, 

95
th

 percentile) indicated two components, though parallel analyses in R indicated three 

components. Using the Kaiser-Guttman rule (i.e., retaining eigenvalues greater than 1) in 

Mplus, three components were suggested when modeled as continuous and as 
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categorical. R analyses suggested six factors. Solutions with 1- 6 factors were explored 

for the PBSS-20. Refer to Table 2 for a summary of factor retention information, Table 3 

for PBSS-20 EFA solution model fit indices, and Figure 1 for the scree plot. 

Table 2. Factor Retention Summary for PBSS-20 Items 

Model Kaiser 

(Continuous) 

Kaiser 

(Categorical) 

Parallel 

(Mplus) 

Parallel 

(R) 
PBSS – 20 items 3 components 3 components 2 components 3 components/ 

6 factors 

   Note. PBSS = Protective Behavioral Strategies Scale; Kaiser = Kaiser-Guttman Rule; Parallel = Parallel   

   Analyses using 95
th

 percentile, 5000 iterations  
 

Table 3. PBSS-20 Model Fit Indices from Exploratory Factor Analyses 

Model Fit 

Index 

1-factor 2-factor 3-factor 4-factor 5-factor 6-factor 

(df)  

χ
2
 

 (170) 

1280.63* 

 (151) 

689.28* 

 (133) 

408.54* 

 (116) 

276.48* 

 (100) 

195.67* 

 (85) 

133.93* 

CFI  .86 .93 .97 .98 .99 .99 

RMSEA  .128 .094 .072 .059 .049 .038 
Note. *p < .05; (df) χ

2
 = (degrees of freedom) chi-square CFI = Confirmatory Fit Index; RMSEA = Root 

Mean Square Error of Approximation. 

 

 

Figure 1. 95
th

 Percentile Parallel Analysis Scree Plot for PBSS-20 Items 

1-factor model. Although geomin rotated loadings ranged from .55-.82, the 1-

factor solution exhibited poor fit. 

2-factor model. This model demonstrated SHR items loading most highly on F2 

with SLD and MOD items loading on F1 (i.e., controlled consumption; Madson et al. 
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2013). However, it should be noted 14 items demonstrated significant cross-loadings (i.e., 

> .4). The most egregious case was “avoid combining alcohol with marijuana” which 

loaded highly on F1 (i.e., λ = .54) and F2 (i.e., λ = .55).  

3-factor model. In the 3-factor model, all SHR items loaded onto F3 except 

“avoid combining alcohol with marijuana”, which loaded most highly on F1 (.56), rather 

than F3 (.52). Only 3 items exhibited highest loadings on F2 (i.e., “alternate alcoholic and 

non-alcoholic drinks,” “let a friend let you know when you’ve had enough to drink”, and 

“drink water while drinking alcohol”). The other 9 items loaded onto F1, though 

significant cross-loading was exhibited again. For example, “put extra ice in your drink” 

loaded on F1 (λ = .58) and F2 (λ = .58). In all, F1 and F2 were uninterpretable in the 3-

factor solution.  

4-factor model. Similarly, all SHR items except “avoid combining alcohol with 

marijuana” loaded highest on F1 in the 4-factor model. The same three items (i.e., 

alternate, let friend let you know, and drink water) loaded on F2, and “put extra ice in 

your drink” loaded on F2 and F3 at .57. No item loaded highest on F4.  

5-factor model. The same three clustered items (i.e., alternate, let friend let you 

know, and drink water) loaded onto one factor in the 5-factor model. The two car items 

(i.e., use a designated driver”, and “refuse to ride in a car with someone who has been 

drinking”) loaded onto a factor. Another factor consisted of the following: “avoid 

drinking games”, “avoid mixing different types of alcohol”, “drink slowly, rather than 

gulp or chug”, “avoid trying to keep up or out-drink others”, “avoid combining alcohol 

with marijuana”, and “avoid “pregaming.” This is consistent with the Manner of Drinking 

subscale with an additional item (i.e., avoid combining with marijuana).  
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6-factor model. The 6-factor was identical to the 5-factor model, save for another 

factor with “put extra ice in your drink” and “drink water while drinking alcohol.”  

A 2-factor solution seems most appropriate in terms of interpretability. The 4-6-

factor solutions were not readily interpretable. Although the 2-factor exhibited marginal 

fit based on RMSEA (.09), this is identical to previous PBSS-20 work (i.e., Treloar et al., 

2015). Moreover, it is consistent with the hypothesized model based on the PBSS-R 

(Madson et al., 2013). Because three components were suggested based on parallel 

analyses and the accepted model is a 3-factor model, the original PBSS-20 factor 

structure was also examined. Further, a modification was examined in CFAs based on 

EFA output (i.e., “avoid combining alcohol with marijuana” on MOD).  

Confirmatory Factor Analyses. To reduce the likelihood of overfitting the 

model to the data, all models were tested using CFAs in the training and testing data. The 

testing data for the PBSS-20 consisted of 280 women and 127 men (total testing data N = 

407). See Table 4 for model fit indices. All models exhibited good-to-excellent fit based 

on CFI (i.e., .93-.95) and marginal-to-fair fit based on RMSEA (i.e., .075-.092). 

Consistent with hypothesis 1a, a minimum of two factors emerged from the PBSS-20. 

Because the PBSS-20 3-factor structure is used most frequently in the literature, this 

model was retained for the remainder of the analyses. Comparisons of these factor 

associations with outcomes of interest will further elucidate whether a 3- versus 2-factor 

structure is warranted.  

Table 4. PBSS-20 Model Fit Indices from Confirmatory Factor Analyses 

 

Model 

(df) 

χ
2
 

 

CFI 

 

RMSEA 

Standardized 

Factor 

Loadings 

Latent  

Correlations 

PBSS-20  

Training 

(167) 

665.22* 

.94 .086 SHR = .64-.87 

MOD = .69- 76 

SLD = .58-.85 

SLD/MOD r =.86 

SLD/SHR r =.66 

MOD/SHR r =.62 
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Table 4. Continued      

PBSS-20 

Testing 

(167) 

580.00* 

.95 .078 SHR = .60 - .85 

MOD = .69-80 

SLD = .60-.87 

SLD/MOD r =.79 

SLD/SHR r =.67 

MOD/SHR r =.62 

PBSS-R 

Training 

(169) 

726.44* 

.93 .091 SHR = .64-.87 

CC = .57-.84 

SHR/CC r =.66 

PBSS-R 

Testing 

(169) 

764.93* 

.93 .093 SHR = .60-.85 

CC = .58-.85 

SHR/CC r =.68 

PBSS-20 (mod) 

Training 

(167) 

646.21* 

.94 .085 SHR = .65-.89 

MOD = .66-75 

SLD = .58-.85 

SLD/MOD r =.86 

SLD/SHR r =.64 

MOD/SHR r =.61 

PBSS-20 (mod) 

Testing 

(167) 

551.84* 

.95 .075 SHR = .61-86 

MOD = .60-.79 

SLD = .60-.87 

SLD/MOD r =.79 

SLD/SHR r =.65 

MOD/SHR r =.60 

PBSS-R (mod) 

Training 

(169) 

717.84* 

.93 .090 SHR = .65-.89 

CC = .57-.84 

SHR/CC r =.65 

PBSS-R (mod) 

Testing 

(169) 

751.81* 

.93 .092 SHR = .61-.87 

CC = .56-.85 

SHR/CC r =.66 

Note. *p < .001, (df) χ
2
 = (degrees of freedom) chi-square; CFI = Confirmatory Fit Index; RMSEA = Root-

Mean Square Error Approximation; PBSS = Protective Behavioral Strategies Scale; SHR = Serious Harm 

Reduction; SLD = Stopping/Limiting Drinking; MOD = Manner of Drinking; CC = Controlled 

Consumption. Modified models have “avoid combining alcohol with marijuana” on either Manner of 

Drinking (PBSS-20 models) or Controlled Consumption (PBSS-R models). Training data (N = 401); 

Testing data (N = 407). 

 

Exploratory and Confirmatory Factor Analyses for the PBSM 

Exploratory Factor Analyses. First, exploratory factor analyses were conducted 

with the training dataset on all 50 of the original items used to create the PBSM among 

individuals who endorsed lifetime cannabis use (i.e., cannabis-using subset N = 253; 163 

women; 90 men). When items were modeled as continuous, parallel analyses (i.e., 5000 

iterations, 95
th

 percentile) in Mplus indicated three components, as did parallel analyses 

in R. R parallel analyses also suggested four factors. Using the Kaiser-Guttman rule (i.e., 

retaining eigenvalues greater than 1) in Mplus, seven components were suggested when 

modeled as continuous and six when modeled as categorical; however, this was not 

consistent with more reliable methods (i.e., revised parallel analysis; see Kanyongo, 

2006) or theory. Therefore, these factor structures were not evaluated. Existing models 

suggest only one factor, and the hypothesized model contains two factors (i.e., 
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consumption and consequences). Thus, solutions with 1-4 factors were explored for the 

PBSM. This is consistent with the original PBSM work, which suggested, “the existence 

of one strong overarching factor, but possibly as many as four factors” (Pedersen et al., 

2017, p. 444). Refer to Table 5 for a summary of factor retention information, Table 6 for 

PBSM EFA solution model fit indices, and Figures 2 and 3 for the scree plots. All models 

demonstrated good fit based on CFI for 1- and 2-factor solutions (i.e., CFI = .92, .94, 

respectively) and excellent fit for the 3- and 4-factor solutions (i.e., CFI = .96, .97, 

respectively). All models exhibited close fit based on RMSEA (range = .048 - .067).  

Table 5. Factor Retention Summary for PBSM Items 

Model Kaiser 

(Continuous) 

Kaiser 

(Categorical) 

Parallel 

(Mplus) 

Parallel 

(R) 
PBSM – 50 items 6 components 7 components 3 components 3 components/ 

4 factors 

PBSM – 44 items 6 components 5 components 2 components 3 components/ 

6 factors 

    Note. PBSM = Protective Behavioral Strategies for Marijuana; Kaiser = Kaiser-Guttman Rule; Parallel =     

    Parallel Analyses using 95
th

 percentile, 5000 iterations  

Table 6. PBSM Model Fit Indices from Exploratory Factor Analyses 

50-item 1-factor 2-factor 3-factor 4-factor 5-factor 

(df)  

  χ
2
  

(1175) 

2524.99* 

(1126) 

2138.29* 

(1078) 

1806.49* 

(1031) 

1644.23* 

(985) 

1476.94* 

CFI  .92 .94 .96 .97 .97 

RMSEA  .067 .059 .051 .048 .044 

44-item  1-factor 2-factor 3-factor 4-factor 5-factor 

(df)  

  χ
2
  

(902) 

1919.51* 

(859) 

1627.86* 

(817) 

1468.34* 

(776) 

1320.29* 

(736)  

1201.35* 

CFI  .94 .96 .96 .97 .97 

RMSEA  .067 .059 .056 .053 .050 

      Note. N = 254. *p < .001. Rescaled items modeled as categorical were used for EFAs. (df) χ
2
 = (degrees    

      of freedom) chi-square; CFI = Confirmatory Fit Index; RMSEA = Root-Mean Square Error of  

      Approximation 
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Figure 2. 95

th
 Percentile Parallel Analysis Scree Plot for PBSM (50 Items) 

 
Figure 3. 95

th
 Percentile Parallel Analysis Scree Plot for PBSM (44 Items) 

 

    1-factor model. Using the EFA results with 50 PBSM items modeled as 

categorical, the 1-factor model was first examined.
13

 All but 6 items (i.e., “only use after 

completing all of the day’s responsibilities”, “use eye drops so others do not know you 

have used”, “use higher potency marijuana so you can take less hits and avoid lung 

damage”, “use a vaporizer or other smokeless method to avoid carcinogens”, “only use 

                                                 
13

 Please note EFA solution factors will be denoted as “F1” for the first identified factor, “F2” for the 

second factor, etc.  
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before special events or on special occasions”, and “use only at home”), exhibited factor 

loadings of less than .5, consistent with previous work (i.e., Pedersen et al., 2017).  

 2-factor model. This model showed similar problematic items (i.e., 5 of the same 

6 had factor loadings of < .5 across both factors). Moreover, only 3 items did not load 

onto F2 (i.e., factor loading < .4), and only 5 items loaded highest on F1. Of these, 3/5 

exhibited significant cross-loading, and only 2 items had a factor loading > .6. Seventeen 

items demonstrated significant cross-loading overall.  

 3-factor model. All but 5 items (i.e., “only use marijuana after completing all of 

the day’s responsibilities”, “use eye drops so other do not known you have used”, “use 

higher potency marijuana so you can take less hits and avoid lung damage”, “use a 

vaporizer or other smokeless method to avoid carcinogens”, and “only use before special 

events”) loaded on F2 at .4 or greater. Further, only 2 items loaded highest on F1 and F3, 

respectively. Twenty-four items demonstrated cross-loading on two or more factors. 

 4-factor model. 45/50 items loaded on F2 at .4 or higher. Only 7 items loaded > .4 

on F1, 8 on F3, and 10 on F4. The factor loadings on F3 and F4 did not exceed .6.  

 In sum, there were 5 items which were problematic across multiple factor 

solutions (i.e., “only use after completing all of the day’s responsibilities”, “use eye drops 

so others do not know you have used”, “use higher potency marijuana so you can take 

less hits and avoid lung damage”, “use a vaporizer or other smokeless method to avoid 

carcinogens”, and “only use before special events or on special occasions”). Notably, 

these items also demonstrated low factor loadings in previous work (Pedersen et al., 

2017). None of the multifactor models were interpretable due to substantial cross-
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loadings and lower-than-desirable factor loadings (i.e., < .6).
14

 After comparing model fit 

for factor solutions (see Table 6), the 1-factor solution was retained due to adequate fit, 

parsimony, and consistency with the existing literature (i.e., Pedersen et al., 2016; 

Pedersen et al., 2017). The five consistently problematic items were dropped, as well as 

“use only at home,” and another exploratory factor analysis was conducted on the 

training data. This was done to ensure the problematic items did not obscure the latent 

factor structure in the original EFA.  

 44-item EFA. Results from the 44-item EFA on the training data suggested 2-6 

components and 5 factors (see Table 5). The 1-factor solution geomin rotated loadings 

ranged from .59-.89. In the 2-factor and 3-factor models, all 44 items loaded most highly 

on F1, though one item also loaded highly on F2 (i.e., “use only among trusted peers”; 

loading difference of ~ .02).  In the 4-factor model and 5-factor models, all items loaded 

either on F1 (30) or F2 (14), with most items cross-loading (i.e., all factor loading 

differences = .01-.23).
15

 None of the acceptable indicators of factor or component 

retention indicated a five-factor model, as found in past research (i.e., Pedersen et al., 

2017). Thus, the 44-item, 1-factor model was retained. 

 Confirmatory Factor Analyses. The 44-item model was tested using a 

confirmatory factor analysis in the training data before being tested in the testing data. 

The cannabis-using subset of the testing data consisted of 174 women and 101 men (total 

training data N = 275). Given the lack of interpretable multifactor solutions generated by 

the exploratory factor analysis, existing models (i.e., the 17 and 36 item versions of the 

                                                 
14

 Although a bi-factor model may have fit the data, this was not examined due to typical use of PBS 

assessments (e.g., clinical research and interventions), which assumes simple structure.  
15

 The 2-factor structure which emerged out of the 4- and 5-factor models was examined. Although it 

demonstrated similar fit to other PBSM models, it was not readily interpretable, and the two factors were 

significantly correlated (r = .93). 
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PBSM; Pedersen et al., 2017), and the hypothesized model (i.e., two-factor consumption 

and consequences) were also tested using CFAs in the training data before being tested in 

the testing data.  

 As noted in Table 7, all models demonstrated good-to-excellent fit in terms of CFI 

and close fit via RMSEA in the training and testing data. For the 50-item CFA, the 5 

removed items were the lowest loading items, though the “use only at home” factor 

loading was also below .5 in both samples (like in the 1-factor EFA solution). Given the 

high correlation between the two factors (i.e., r > .95), the one factor solution was 

retained, inconsistent with hypothesis 1b.   

Table 7. PBSM Model Fit Indices from Confirmatory Factor Analyses 

Model (df) 

 χ
2
 

CFI RMSEA Standardized Factor Loadings 

50-item PBSM 

Training 

(1175) 

2507.19* 

.93 .067  Range = .54-.88 
     Resp. λ = .31 

 Potency λ = .34 

Eye drop λ = .37 

      Vape λ = .41 

     Event λ = .42 

     Home λ = .49 
50-item PBSM 

Testing 

(1175) 

2709.31* 

.92 .069 Range = .53-.88 
      Resp λ = .27 

     Event λ = .29 

  Potency λ = .33 

Eye drop λ = .35 

      Vape λ = .45 

     Home λ = .48 
45-item PBSM 

Training 

(945) 

1995.78* 

.94 .066 Range = .54-.88 
     Home λ = .48 

45-item PBSM 

Testing 

(945) 

2164.45* 

.94 .069 Range = .51-.88 
                     Home λ = .47 

44-item PBSM 

Testing 

(902) 

1919.51* 

.94 .067 Range = .53-.89 

44-item PBSM 

Training 

902 

2088.89* 

.94 .069 Range = .50-.88 

36-item PBSM 

Training 

(594) 

1307.70* 

.95 .069 Range = .60-.89 

36-item PBSM 

Testing 

(594) 

1367.90* 

.95 .069 Range = .54-.89 
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Table 7. Continued     

17-item PBSM-s 

Training 

(119) 

411.91* 

.95 .098 Range = .61-.88 

17-item PBSM-s 

Testing 

(119) 

391.95* 

.96 .091 Range = .54-.88 

C/C model (36 item) 

Training 

(593) 

1301.16* 

.95 .069 Consumption = .60-.89 

Consequences = .60-.90  
r = .98 

C/C model (36 item) 

Testing 

(593) 

1348.61* 

.95 .068 Consumption = .64-.90 

Consequences = .54-.90 
r = .97 

Note. *p < .001, (df) χ
2
 = (degrees of freedom) chi-square; CFI = Confirmatory Fit Index; RMSEA = Root-

Mean Square Error Approximation; λ = standardized factor loading; Ranges do not include listed items 

(i.e., λ < .5). Refer to Appendix A for item abbreviations and corresponding item content. Consumption = 

items aimed at reducing quantity/frequency or using safe methods; Consequences = items aimed at 

avoiding negative consequences. Training data N = 253; Testing data N = 275. 

 

Measurement Invariance Testing  

 PBSS-20. For the PBSS-20, the original factor structure was retained to test 

invariance across gender, as partial scalar invariance has previously been demonstrated 

(i.e., Treloar et al., 2015). First, subscales were tested separately. Based on these 

analyses, only the SHR subscale demonstrated invariance (SHR DIFFTEST χ
2
(24) = 

31.43, p = .1417). The SLD (DIFFTEST χ
2
(27) = 51.23, p = .0033) and MOD subscales 

failed to demonstrate invariance across gender (MOD = χ
2
 (19) = 39.62 p = .0037)

16
, as 

did the overall scale (i.e., DIFFTEST χ (73) = 110.54, p = .003). When items were 

examined to determine which to free, multiple SHR items demonstrated large factor 

loadings and threshold differences across gender. To test for partial scalar invariance, 

item constraints were relaxed. However, partial scalar invariance could not be 

established, even after freeing 10 items simultaneously (i.e., DIFFTEST χ
2
(39) = 60.03, p 

= .017). Thus, PBSS-20 IRT analyses were also conducted separately by gender. 

Invariance across Latinx/non-Latinx individuals could not be tested due to power 

                                                 
16

 The modified MOD subscale was also tested (i.e., adding “avoid mixing alcohol with marijuana”) and 

did not exhibit invariance (DIFFTEST χ
2
(23) = 53.91, p < .001).  
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constraints. For PBSS model fit indices and DIFFTESTS for partial scalar invariance 

models, refer to Table 8. 

Table 8. Model Fit Indices for PBSS-20 Measurement Invariance Testing 

Model (df) χ
2
 CFI RMSEA DIFFTEST (df) χ

2
 

PBSS-20 Configural (334) 1198.06** .94 .080 --- 

PBSS-20 Scalar (407) 1067.82** .96 .063 (73) 110.54** 

SHR Configural (40) 146.35** .97 .081 --- 

SHR Scalar (64) 140.63** .98 .054         (24) 31.43 

SLD Configural (28) 477.23** .95 .199 --- 

SLD Scalar (55) 307.618** .97 .107 (27) 51.23** 

MOD Configural (10) 78.51** .98 .130 --- 

MOD Scalar (29) 85.31** .98 .069 (19) 39.62** 

Partial Scalar  (df) χ
2
 CFI RMSEA DIFFTEST (df) χ

2
 

Go with friend (404) 1061.02** .96 .063 (70) 101.62** 

Know drink (401) 1060.59** .96 .064 (67) 97.52** 

Care (398) 1060.09** .96 .064 (64) 93.25** 

Trust (395) 1058.69** .96 .064 (61) 88.66** 

Let friend (391) 1053.77** .96 .065 (57) 78.18* 

No MJ (387) 1063.86** .95 .066 (53) 76.21* 

Use a DD (384) 1063.03** .95 .066 (50) 70.45* 

No ride (381) 1066.65** .95 .067 (47) 67.75* 

Drink slow/ No gulp (377) 1077.21** .95 .068 (43) 63.48* 

Stop drink (373) 1083.63** .95 .069 (39) 60.03* 

Note. **p < .01, *p < .05 (df) χ
2
 = (degrees of freedom) chi-square; CFI = Confirmatory Fit Index; RMSEA 

= Root-Mean Square Error Approximation. Partial scalar models are compared to the full PBSS-20 

configural model and are cumulative, such that items remain freed once freed. Refer to Appendix A for 

item abbreviations and corresponding item content.  

 

 On the original 15-item PBSS Treloar et al. (2014) found the following items to 

demonstrate differential item functioning: “have a friend let you know when you’ve had 

enough to drink”, “drink water while drinking alcohol”, “avoid trying to keep up or out-
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drink others”, “use a designated driver”, and “make sure you go home with a friend.”
17

 

However, using a p-value of .05, “determine not to exceed a set number of drinks”, and 

“put extra ice in your drink” also exhibited differential item functioning. On the PBSS-20 

gender invariance analyses (Treloar et al., 2015), the following items were interpreted as 

exhibiting differential functioning based on a p-value of < .01: “Know where your drink 

has been at all times” and “Eat before or during drinking.” Using a p-value < .05, the 

following items would be considered variant: “Have a friend let you know when you’ve 

had enough to drink”, “avoid pre-gaming”, “avoid combining alcohol with marijuana”, 

“avoid trying to keep up or out-drink others”, and “make sure you go home with a friend” 

(i.e., last two items also exhibited significant DIF in the original work; Treloar et al., 

2014, 2015). Given multiple items indicated differential item functioning in two studies, 

our findings that partial scalar invariance (i.e., a nonsignificant DIFFTEST between 

configural and a modified scalar model) could not be demonstrated is consistent with 

previous work. In light of this, when using the PBSS-20, researchers and clinicians 

should examine strategies separately for women and men.  

 PBSM. To test measurement invariance across gender, the 44-item PBSM was 

first tested. After this model (i.e., DIFFTEST χ
2
 (217) = 735.724, p < .00001) and the 36-

item PBSM (Pedersen et al. 2017) failed to demonstrate invariance (i.e., DIFFTEST χ
2
 

(171) = 240.96, p = .0003), the 17-item version was tested. (As a reminder, the 17-item 

version was created after an IRT examination and is purported to be invariant across 

gender [Pedersen et al., 2017]). However, invariance was not demonstrated (DIFFTEST 

χ
2
 (79) = 125.48, p = .0007). Next, items were freed in an attempt to establish partial 

                                                 
17

 Another item, “Drink shots of liquor” (reverse scored) exhibited DIF; however, this item is not assessed 

by the PBSS-20 (only the PBSS and PBSS-R).   
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scalar invariance. Items were selected based on the absolute sum of the differences 

between groups in the configural model factor loadings and thresholds. Even when 

relaxing constraints across 8 items (of 17) simultaneously, the assumption of invariance 

was not met (i.e., DIFFTEST χ
2
 (39) = 67.51, p = .0031). See Table 9. 

Table 9. Model Fit Indices for PBSM Measurement Invariance Testing 

Model (df) χ
2
 CFI RMSEA DIFFTEST (df) χ

2
 

44-item Configural (1804) 4132.56* .93 .070 --- 

44-item Scalar (2021) 4646.34* .92 .070 (217) 735.724* 

36-item Configural (1262) 3145.76* .93 .075 --- 

36-item Scalar (1433) 3011.62* .94 .065 (171) 240.96* 

17-item Configural (238) 878.09* .95 .101 --- 

17-item Scalar (317) 766.12* .96 .073 (79) 125.48* 

Partial Scalar     

Methods (312) 766.21* .96 .074 (74) 116.62* 

Once (307) 771.54* .96 .076 (69) 109.383* 

Habit (302) 771.60* .96 .077 (64) 102.75* 

No Hike (297) 775.47* .96 .078 (59) 96.78* 

No mix drug (292) 779.14* .96 .079 (54) 90.06* 

Breaks (287) 781.10* .96 .081 (49) 82.15* 

Limit in Sitting (282) 791.17* .96 .083 (44) 76.88* 

Weekend (277) 790.49* .96 .084 (39) 67.51* 

Note. *p < .01, (df) χ
2
 = (degrees of freedom) chi-square; CFI = Confirmatory Fit Index; RMSEA = Root-

Mean Square Error Approximation. Partial scalar models are compared to the 17-item configural model and 

are cumulative, such that items remain freed once freed. For example, for “no hike”, “habit”, “once”, and 

“methods” were also freed. Refer to Appendix A for item abbreviations and corresponding item content. 

 

 It is possible the discrepancy between the current findings and that of Pedersen et 

al. (2017) is a function of methodology. Specifically, Pedersen et al. (2017) used a two-

stage Wald testing method (see Woods, Cai, & Wang, 2012), in which they first fit a 

configural model (i.e., unconstrained). Items which indicated no significant DIF based on 

the Wald χ
2
 test with a Benjamini-Hochberg procedure were retained as anchors for the 
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second step, which modeled anchors as constrained across groups and DIF items as freed. 

Another Wald χ
2
 test was then used to assess DIF. Items exhibiting significant DIF at the 

second test were considered to have problematic DIF (Pedersen et al., 2017, p. 7). Given 

the current method used multigroup CFA DIFFTESTs, this may explain the discrepancy. 

However, it is worth noting that the recommended procedure for assessing measurement 

invariance with categorical indicators is the one currently used (Muthén & Muthén, 1998-

2017). That said, without using anchor items, the current results may be skewed by 

inaccurate latent means and standard deviations (Woods et al., 2012). Nevertheless, given 

that Pedersen et al. (2017) used the two-stage Wald with anchors, the lack of replicability 

of the invariant 17-item version is concerning. Replications are necessary, but 

preliminary evidence suggests even the 17-item PBSM may not invariant across gender 

across college samples. Therefore, IRT analyses on PBSM items were conducted 

separately for women and men.  

Item Response Theory Analyses 

 PBSS-20 IRT analyses. Results from graded response models are presented by 

subscale for the PBSS-20. Please note PROC IRT in SAS does not allow for missing 

data. Thus, ns are slightly lower compared to other models (i.e., 536 women, 252 men). 

For item-level, gender-specific characteristic response curves, item information, and as 

well total information, refer to Appendix B.  

 Serious Harm Reduction IRT analyses. Refer to Table 10 for gender-specific 

discriminations and difficulties for each item. The most discriminating items included 

“only go out with people you know and trust” and “know where your drink has been at 

all times” for both men and women. These items also provided the most information. The 
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least discriminating item for women and men was “avoid mixing alcohol with 

marijuana,” which exhibited low discrimination (i.e., .57 and .58, respectively). This was 

followed by “eat before and during drinking”, which also exhibited low information for 

women and men. All other item discriminations ranged from moderate to high (Baker, 

2001). However, no items demonstrated very high discrimination (i.e., > 1.7). “Use a 

designated driver” was less discriminating for women than men, whereas the reverse was 

observed for “only go out with people you know and trust.” 

Table 10. Serious Harm Reduction Subscale Graded Response Model 

Item 

(Women/Men) 

 

Slope 

 

Threshold 1 

 

Threshold 2 

 

Threshold 3 

 

Threshold 4 

Desig. Driver 0.61 -3.27 -2.63 -1.60   

 0.92 -2.01 -1.26 -0.40   

Go with friend 0.95 -2.57 -1.65 -0.75   

 1.03 -1.32 -0.60 0.34   

Know drink 1.33 -2.49 -1.78 -1.14   

 1.35 -1.47 -1.05 -0.20   

No ride 1.00 -2.41 -1.59 -0.69   

 1.02 -1.77 -0.85 -0.09   

Trust 1.84 -2.41 -1.69 -0.90   

 1.50 -1.90 -1.15 -0.09   

No MJ 0.57 -2.91 -1.90 -0.99 -0.32 

 0.58 -2.13 -1.06 -0.26  0.45 

Care 1.39 -2.39 -1.65 -0.82   

 1.43 -1.52 -0.94 0.05   

Eat 0.74 -3.01 -1.54 -0.47   

 0.88 -2.24 -1.16 0.08  
 Note. Refer to Appendix A for item abbreviations and corresponding item content. 

 All SHR items provided the most information at the low-to-average spectrum of 

the latent trait (i.e., -2 – 0). SHR PBS CRCs suggested some response options (e.g., 

sometimes) provided little-to-no information beyond that provided by “always” and 

“never.”  This suggests binary items would be sufficient for SHR items. The total 

information (i.e., ~3) for women was greatest at approximately -2 on the SHR latent trait, 
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whereas the most information was provided at approximately -1 for men (i.e., less 

information at a slightly higher difficulty for men). The poor discrimination demonstrated 

by “avoid combining alcohol with marijuana” is consistent with EFA and CFA findings, 

in which this item loaded more highly on MOD and exhibited low loadings on SHR.
18

  

  Stopping/Limiting Drinking IRT analyses. Refer to Table 11 for gender-

specific SLD discriminations and difficulties. The most discriminating items differed 

somewhat for women and men on this subscale. Specifically, the most discriminating 

items for women included “stop drinking at a predetermined time,” “alternate alcohol and 

nonalcoholic beverages,” and “drink water while drinking alcohol”, respectively. For 

men, the most discriminating items were “leave the bar/party at a predetermined time”, 

“stop drinking at a predetermined time”, and “determine not to exceed a set number of 

drinks.” All discriminations ranged from moderate to high, though none were very high.  

Table 11. Stopping/Limiting Drinking Subscale Graded Response Model 

Item 

(Women/Men) 

 

Slope 

 

Threshold 1 

 

Threshold 2 

 

Threshold 3 

 

Threshold 4 

Num drinks 1.20 -1.71 -0.92 -0.14 0.68 

 1.51 -1.20 -0.59 0.06 0.85 

Alternate 1.50 -1.42 -0.69 -0.02 0.67 

 1.39 -1.23 -0.47 0.28 0.92 

Table 11. Continued      

Let friend 1.04 -1.71 -0.98 -0.22 0.54 

 1.00 -1.12 -0.46 0.32 1.08 

Leave bar 1.35 -1.15 -0.42 0.42 1.04 

 1.60 -0.84 -0.13 0.56 1.37 

Stop drink 1.51 -1.18 -0.47 0.33 0.81 

 1.55 -0.75 -0.10 0.58 1.16 

Water 1.44 -1.61 -0.82 -0.13 0.50 

 0.89 -2.09 -0.98 0.11 0.85 

Ice 0.81 -1.31 -0.40 0.65 1.47 

                                                 
18

 The modified MOD subscale was also tested in the IRT framework. This suggested avoid combining 

with marijuana was less discriminating among women on MOD (i.e., .47), though this item’s 

discrimination increased to moderate for men (i.e., .65). Difficulty parameters suggested this item assessed 

a higher difficulty level on MOD compared to SHR.  
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Table 11. Continued      

 0.74 -1.20 0.05 1.18 2.30 

         Note. Refer to Appendix A for item abbreviations and corresponding item content. 

 Items which provided the most information by gender were identical to the most 

and least discriminating items listed in the previous paragraph. Further, drinking water 

provided much less information for men compared to women. Overall, for women, these 

items appear to assess average SLD difficulty on the latent trait, with the greatest total 

information (~3.5) captured slightly below zero. For men, this subscale seems to assess 

similar amounts of information at a slightly higher difficulty compared to women. Like 

SHR items, little-to-no information was provided by additional response options, 

suggesting binary items are sufficient.  

 Compared to SHR items, items differed more greatly across women and men, 

with different items providing more information. Strategies like “drink water while 

drinking alcohol” may provide more information, though more work is necessary to see if 

this is more effective in reducing consumption and consequences for women compared to 

men. Across women and men, “put extra ice in your drink” provided very little 

information. This is consistent with CFA findings, in which this item demonstrated the 

lowest loading on MOD (i.e., .60 versus .79-.84 for other items), as well as the Controlled 

Consumption subscale in alternative models (i.e., .59 versus .65-.83). This is also 

theoretically consistent, as adding ice would not significantly stop or limit one’s drinking, 

whereas “stop drinking at a predetermined time” is face valid for the Stopping/Limiting 

Drinking subscale.  

 Manner of Drinking IRT Analyses. See Table 12 for gender-specific MOD 

discriminations and difficulties. For MOD items, the most discriminating was “drink 

slowly, rather than gulp or chug” for both, women and men. For women, the least 
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discriminating item was “avoid pre-gaming”, whereas for men it was “avoid mixing 

different types of alcohol.” All discrimination parameters ranged from moderate to high, 

though drinking slowly exhibited a very high discrimination for women. CRCs from all 

MOD items except drinking slowly (i.e., “no gulp”) suggested binary response options 

would capture most information.  

Table 12. Manner of Drinking Subscale Graded Response Model 

Item 

(Women/Men) 

 

Slope 

 

Threshold 1 

 

Threshold 2 

 

Threshold 3 

 

Threshold 4 

No games 1.01 -1.05 -0.14 0.80 1.46 

 0.91 -0.78 0.34 1.27 1.96 

No mix 1.17 -1.50 -0.62 0.18 0.84 

 0.88 -1.26 -0.24 0.63 1.14 

No gulp 1.81 -1.69 -0.89 0.07 0.74 

 1.35 -1.48 -0.71 0.40 1.33 

Keep up 1.12 -1.89 -1.16 -0.39 0.36 

 1.12 -1.70 -0.82 0.12 0.82 

Pre-game 0.95 -0.75 0.13 0.91 1.41 

 1.01 -0.80 0.16 0.78 1.15 

         Note. Refer to Appendix A for item abbreviations and corresponding item content. 
 

 For women, “avoid pre-gaming” and “avoid drinking games” provided the least 

amount of information; “avoid drinking games” and “avoid mixing different types of 

alcohol” were the least informative among men. The largest absolute difference across 

gender in terms of discrimination was the “drink slowly” item, which was the most 

discriminating item for women and men. MOD items generally appeared to provide 

information slightly below-to-average on the latent trait. Overall, the subscale items 

appeared to provide much more information across the latent trait average for women 

(i.e., ~2.4) compared to men (i.e., ~1.8). Like SLD items, MOD items tended to exhibit 

higher discriminations compared to SHR items.
19

 Although 4/5 items appeared to provide 

                                                 
19

 When IRT analyses were used to examine Controlled Consumption, (i.e., combine SLD and MOD), all 

discriminations were slightly lower for women, except stop drink. For men, all item discriminations were 
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less information (i.e., < .4), these items provided more information than the lowest 

information items of the SLD and SHR subscales. These analyses suggest “drink slowly, 

rather than gulp or chug” is most representative of MOD, which is theoretically 

consistent in that this item reflects how one is drinking. However, because this is the first 

IRT examination of PBSS-20 items, it is difficult to contextualize these subscale-level 

findings within the larger literature.   

 PBSM IRT Analyses. First, IRT analyses were conducting using all 50 PBSM 

items. Consistent with EFA and CFA analyses, the six problematic items (i.e., use after 

completing the day’s responsibilities, use a vaporizer, use eye drops, use at special events 

only, use higher potency, and use at home) exhibited the lowest discriminations (i.e., .24 -

.60) and provided the least amount of information across items. These items were 

removed, and the 44-item PBSM created through EFA/CFA procedures was tested using 

the IRT framework. The 36-item PBSM version was also tested, given this is the only set 

of items with previous IRT analyses. In these analyses, samples included 323 women and 

183 men. See Table 13 for model fit indices.  

Table 13. Model Fit from IRT Analyses of PBSM 

PBSM Version Log Likelihood AIC BIC 

50-item  (Women) 

                       (Men) 
-18653 

-12352 

 

37881.70 

25280.80 

 

38969.70 

26205.20 

 

    

Table 13. Continued    

44-item  (Women) 

                       (Men) 
-15503 

-10509 

 

31510.50 

21523.51 

 

32462.47 

22332.30 

 

36-item  (Women) 

                       (Men) 
-12546 

  -8610 

 

25503.74 

17632.43 

 

26281.94 

18293.59 

 
                    Note. Lower is better when interpreting these relative model fit indices.  

                                                                                                                                                 
equivalent or higher on the CC versus separate MOD and SLD subscales. The most discriminating items 

were stop drink, alternate, and leave bar for women and men.  
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 Although the 36-item fit the data better, several items on the 44-item provided 

substantial information.
20

 For example, “avoid using marijuana if currently taking any 

kind of prescription drug that might intensify the effects (e.g., make you feel more tired)” 

exhibited higher discriminations across gender and provided more information than a 

similar item, “Avoid mixing marijuana with other drugs.” Although “use your own” and 

“avoid mixing with alcohol” provided very little information, the other six items 

exhibited moderate-to-high discriminations and significant information. Moreover, 

discriminations among similar items across the 44- and 36-item measures, 

discriminations and difficulties were nearly identical.
21

  

For discrimination and difficulty parameters of the 44-item IRT analyses, see 

Table 14. The most discriminating items for women included the following: “Avoid 

using marijuana early in the day”, “avoid using marijuana before work or school”, “limit 

use to weekends”, and “avoid using marijuana for several days in advance of a big test, 

interview, performance, or other engagement for which you need to be crisp and are 

being evaluated.” For men, these items included “avoid using marijuana habitually”, 

“avoid driving a car after using”, “limit the amount of marijuana you smoke in on 

sitting”, and “avoid using marijuana before work or school.” These discriminations were 

very high (i.e., 1.76 – 2.42). For women, the least discriminating items were “use 

marijuana only among trusted peers”, “use your own marijuana so you know what you 

are using”, and “avoid mixing marijuana with alcohol.” For men, the least discriminating 

strategies were use your own, use among trusted peers, and keeping tracks of costs. 

                                                 
20

 The following eight items are on 44-item but not the 36-item: use own, use on private property, take 

break if loss of motivation, avoid legal consequences, excuse yourself, do not mix with prescription drugs, 

use a designated driver, avoid mixing with alcohol.  
 
21

 Parameters for 50- and 36-item analyses are available upon request.  
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Women had significantly higher discriminations on items like “Avoid using marijuana 

early in the day”, “limit use to weekends”, and “have a set amount of “times” you take a 

hit (e.g., passing on a shared joint if you have already hit that limit)”, respectively. Men 

exhibited higher discriminations than women on items like “avoid using marijuana 

habitually,” “stop using marijuana if you become anxious or paranoid”, and “limit the 

amount of marijuana you smoke in one sitting.” All CRCs indicated very little 

information gained with multiple categories, suggesting all PBSM items could be 

assessed as binary. Some items (e.g., “avoid using while spending time with family”, 

“use marijuana only among trusted peers”, and “avoid using marijuana before work or 

school”) indicated no information gained in assessing “always” over “often.”  

Table 14. 44-Item PBSM Graded Response Model 

Item 

(Women/Men) Slope     T1     T2     T3     T4     T5 

Mixing 0.83 -2.06 -1.41 -0.75 -0.04 0.49 

  0.97 -1.68 -0.97 -0.30 0.42 0.87 

MJ DD 1.21 -1.02 -0.65 -0.33 0.03   

  1.26 -0.59 -0.32 0.04 0.39   

No car 1.04 -1.97 -1.56 -1.13 -0.88 -0.53 

  1.10 -2.00 -1.59 -1.07 -0.86 -0.29 

No event 1.44 -1.73 -1.45 -1.29 -1.01   

  1.64 -1.60 -1.20 -0.99 -0.70   

No drive 1.61 -1.73 -1.11 -0.87 -0.48 -0.18 

  1.80 -1.23 -0.74 -0.47 -0.17 0.08 

Early day 2.26 -1.24 -1.07 -0.87 -0.47   

  1.48 -1.24 -0.79 -0.61 -0.05   

Costs 0.83 -1.30 -1.01 -0.72 -0.42 -0.06 

  0.63 -1.78 -1.08 -0.52 -0.01 0.81 

Eval 1.76 -1.38 -1.16 -0.95 -0.74 -0.43 

  1.64 -1.30 -0.91 -0.56 -0.29 0.00 

No buy 1.43 -1.48 -1.00 -0.66 -0.30 0.07 

  0.98 -1.46 -0.86 -0.18 0.37 0.88 

No px 1.64 -1.49 -1.08 -0.83 -0.61 -0.28 

  1.44 -1.39 -0.98 -0.59 -0.28 0.09 

Night 0.97 -1.99 -1.54 -1.03 -0.46 0.21 

  0.93 -1.66 -1.22 -0.52 0.05 0.80 

Anxious 1.31 -1.98 -1.61 -1.11 -0.72 -0.38 
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Table 14. Continued       

  1.69 -1.30 -0.97 -0.54 -0.30 0.15 

Excuse 1.35 -1.11 -0.71 -0.45 -0.13 0.17 

  1.09 -0.79 -0.27 0.00 0.38 0.70 

Pressure 1.37 -1.27 -0.84 -0.61 -0.26 0.09 

  1.25 -0.82 -0.46 -0.10 0.27 0.62 

Legal 1.16 -2.10 -1.68 -1.37 -0.77   

  1.38 -1.79 -1.33 -1.10 -0.52   

Motivation 1.70 -1.61 -1.28 -0.90 -0.52 -0.21 

  1.25 -1.55 -1.12 -0.52 -0.10 0.38 

Important 1.07 -1.66 -1.31 -0.84 -0.40   

  1.10 -1.36 -0.89 -0.56 0.01   

Boredom 1.65 -1.45 -1.02 -0.72 -0.28 0.08 

  1.47 -1.20 -0.68 -0.21 0.17 0.53 

Crowds 1.23 -1.74 -1.25 -0.81 -0.27 0.14 

  1.28 -1.85 -1.35 -0.74 -0.22 0.34 

Dec before 1.19 -1.85 -1.36 -0.95 -0.56 -0.02 

  1.03 -1.61 -1.27 -0.68 -0.11 0.57 

Avoid anx 1.29 -1.68 -1.08 -0.79 -0.30 0.02 

  1.41 -1.32 -0.76 -0.35 0.19 0.49 

Concen 1.22 -1.65 -1.18 -0.84 -0.49 -0.08 

  1.23 -1.11 -0.62 -0.26 0.14 0.65 

Dec tol 0.91 -1.35 -0.94 -0.53 -0.02 0.31 

  0.61 -1.81 -1.07 -0.39 0.39 1.31 

Buzz 1.44 -1.44 -1.09 -0.74 -0.26 0.15 

  0.93 -1.53 -1.05 -0.44 0.23 1.15 

Use own 0.68 -1.59 -1.14 -0.85 -0.26 0.56 

  0.46 -2.57 -1.82 -0.78 0.10 1.58 

Private prop 0.98 -2.01 -1.59 -1.13 -0.53 -0.01 

  1.01 -1.78 -1.43 -0.87 -0.36 0.19 

Pass share 0.89 -1.84 -1.45 -1.09 -0.43 0.08 

  0.93 -1.72 -1.28 -0.87 -0.04 0.56 

Trusted 0.48 -2.77 -2.33 -1.74 -0.75   

  0.59 -2.33 -1.79 -0.97 0.17   

Family 1.38 -1.97 -1.59 -1.19 -0.82   

  1.39 -1.82 -1.30 -0.85 -0.44   

School 2.12 -1.45 -1.22 -0.92 -0.67 
 

  1.78 -1.50 -1.06 -0.75 -0.39 
 

Cope 1.08 -1.77 -1.21 -0.88 -0.37 0.04 

  0.96 -1.71 -1.05 -0.58 -0.18 0.26 

Weekend 1.77 -1.52 -1.06 -0.85 -0.50 -0.07 

  1.05 -1.46 -0.92 -0.46 -0.06 0.55 

Purchase 1.06 -1.71 -1.42 -1.20 -0.67 
 

  0.68 -2.28 -1.59 -1.25 -0.40 
 

Habit 1.84 -1.57 -1.16 -1.03 -0.73 -0.45 

  2.42 -1.10 -0.83 -0.50 -0.28 -0.01 

Pace 1.31 -1.31 -0.93 -0.71 -0.18 0.18 
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Table 14. Continued       

  0.99 -1.25 -0.83 -0.46 0.01 0.82 

No mix drug 1.54 -1.49 -1.23 -0.94 -0.66 
 

  1.38 -1.28 -0.85 -0.56 -0.12 
 

Public 1.28 -1.59 -1.27 -0.77 -0.28 
 

  1.24 -1.61 -1.20 -0.60 -0.16 
 

Breaks 1.71 -1.56 -1.34 -1.10 -0.65 -0.41 

  1.45 -1.51 -1.21 -0.73 -0.29 0.04 

Buy less 1.34 -1.41 -1.10 -0.43 -0.08 
 

  0.82 -1.60 -1.13 0.12 0.59 
 

Pace hit 1.29 -0.98 -0.72 -0.49 -0.08 0.22 

  0.76 -1.19 -0.66 -0.34 0.42 1.21 

Methods 1.42 -1.56 -1.05 -0.66 -0.26 0.16 

  1.41 -1.00 -0.47 -0.09 0.31 0.62 

Once 1.19 -1.67 -1.22 -0.78 -0.39 0.07 

  1.03 -1.27 -0.80 -0.46 0.22 0.84 

Limit sit 1.48 -1.74 -1.26 -0.81 -0.49 -0.01 

  1.78 -1.29 -0.91 -0.56 -0.04 0.40 

No hike 1.35 -1.88 -1.53 -1.18 -0.74 -0.34 

  1.30 -1.56 -1.04 -0.66 -0.28 0.21 

Note. T = Threshold; Refer to Appendix A for item abbreviations and corresponding item content. 

 Item information curve peaks suggested most information ranged from -2 to 0 on 

the latent trait across items for women, with items showing slightly higher difficulties 

among men compared to women. Items providing the least information across gender 

included “use among trusted peers” and “use your own.” For men, other items also 

provided very little information (i.e., < .2): “To decrease tolerance, take a break for a 

week or two, or take longer breaks than usual between use”, “keep track of your costs to 

get an accurate picture of how much you spend on marijuana”, and “only purchase 

marijuana from a trusted source.” Among women, the most informative items included 

“avoid using marijuana early in the day”, and “avoid using marijuana before work or 

school”, respectively. For men, the items with the most information included “avoid 

using marijuana habitually”, and “avoid driving a car after using”, respectively. Total 

information curve peaks indicated the most information (~25 for women, ~23 for men) at 

approximately -1 on the latent trait.  
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 Consistent with previous analyses, 6 of the 8 least informative items were items 

removed after EFA/CFA to create the 44-item PBSM (i.e., resp, home, vape, eye drop, 

potency, event only). Compared to the 50-item, discriminations were higher in the 44-

item IRT analyses. Moreover, AIC and BIC suggested better fit. Because two items 

demonstrated very little information (i.e., “use marijuana only among trusted peers” and 

“use your own marijuana”) across gender, these items could be dropped in future work. 

 Using the 36-item analyses to compare to previous work (i.e., Pedersen et al., 

2017), most discriminations were similar, though ranges varied from 1.06 - 2.78 in the 

original, while the current range was much larger (i.e., .48 - 2.42). For example, the 

discriminations for “use only among trusted peers” was 1.18 (i.e., moderate) in the 

original work; in this study, it was .49 for women and .59 for men (i.e., low 

discrimination). Although it is difficult to compare these without knowing the metric for 

the original work, the low probit estimates in this study suggest this item provided poor 

discrimination. Given this item is on the 36-item and 17-item versions of the PBSM, 

more psychometric work in other samples is necessary to understand how these items 

function in the context of substance use. 

PBS and Substance-Related Outcomes 

 After outcomes were recoded (see Exploratory Data Analysis), latent outcome 

variables were created. For item-level PBS endorsement frequencies by gender, see 

Tables 15 and 16 for PBSS and PBSM items, respectively. Across PBSS-20 items, 

omnibus chi-square tests indicated significant gender differences across most items, with 

women using more than men. Only three items (i.e., avoid pre-gaming, alternate, and 

drink water) were nonsignificant. Among the 50 PBSM items, only 12 were 
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nonsignificant across gender. Like the PBSS-20 items, women endorsed greater use of 

significant items. Women using more PBS compared to men is consistent with the larger 

literature (e.g., DeMartini et al., 2013; LaBrie, Lac, Kenney, & Mirza, 2011; 

Toumbourou et al. 2004; Werch, 1990; see Appendix D: Extended Literature Review, 

section “Correlates of PBS Use”).  

Table 15. PBSS-20 Item Frequencies by Gender 

 PBSS Items 0 1 2 3 4 χ
2 

No games 123 131 142 72 84 12.93* 

  22% 24% 26% 13% 15%   

  77 76 54 27 25   

  30% 29% 21% 10% 10%   

No mix 66 108 136 100 142 16.20** 

  12% 20% 25% 18% 26%   

  53 61 59 30 56   

  20% 24% 23% 12% 22%   

No gulp 36 80 176 119 141 15.41** 

  7% 14% 32% 22% 26%   

  27 46 90 59 37   

  10% 18% 35% 23% 14%   

Keep up 40 63 109 123 217 19.32*** 

  7% 11% 20% 22% 39%   

  25 45 70 51 68   

  10% 17% 27% 20% 26%   

Pregame 164 126 113 59 90   5.07 

  30% 23% 20% 11% 16%   

  73 70 43 22 52   

  28% 27% 17% 8% 20%   

Alternate 61 93 124 122 152   7.30 

  11% 17% 22% 22% 28%   

  39 52 64 49 55   

  15% 20% 25% 19% 21%   

Let friend 58 78 112 119 185 26.93*** 

  11% 14% 20% 22% 34%   

  55 46 57 47 54   

  21% 18% 22% 18% 21%   

Leave bar 95 111 152 86 108 10.13* 

  17% 20% 28% 16% 20%   

  57 61 64 46 31   

  22% 24% 25% 18% 12%   
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Table 15. Continued       

Stop drink 87 108 147 77 133 14.71** 

  16% 20% 27% 14% 24%   

  63 59 61 36 40   

  24% 23% 24% 14% 15%   

Water 47 89 120 116 180   5.66 

  9% 16% 22% 21% 33%   

  20 45 74 49 71   

  8% 17% 29% 19% 27%   

Ice 114 110 144 87 97 16.17** 

  21% 20% 26% 16% 18%   

  60 75 63 38 23   

  23% 29% 24% 15% 9%   

DD 13 12 23 66 438 39.13*** 

  2% 2% 4% 12% 79%   

  8 15 29 53 154   

  3% 6% 11% 20% 59%   

Go friend 12 12 49 95 384 78.86*** 

  2% 2% 9% 17% 70%   

  19 25 45 68 102   

  7% 10% 17% 26% 39%   

Know drink 7 6 29 54 456 74.12*** 

  1% 1% 5% 10% 83%   

  19 12 21 62 145   

  7% 5% 8% 24% 56%   

No ride 11 13 47 99 382 30.34*** 

  2% 2% 9% 18% 69%   

  9 17 45 52 136   

  3% 7% 17% 20% 53%   

Trust 6 5 25 75 441 67.69*** 

  1% 1% 5% 14% 80%   

  5 10 27 82 135   

  2% 4% 10% 32% 52%   

No MJ 42 55 74 66 315 23.42*** 

  8% 10% 13% 12% 57%   

  37 43 38 35 107   

  14% 17% 15% 13% 41%   

Care 7 9 33 85 418 68.00*** 

  1% 2% 6% 15% 76%   

  13 14 28 82 123   

  5% 5% 11% 32% 47%   

Eat 4 16 79 116 337 23.40*** 

  1% 3% 14% 21% 61%   
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Table 15. Continued       

  10 8 38 81 123   

  4% 3% 15% 31% 47%   

                  Note. ***p < .001, **p < .01. *p < .05; degrees of freedom = 4 in all models; Refer to  

                 Appendix A for item abbreviations and corresponding item content. 

 

Table 16. PBSM Item Frequencies by Gender 

PBSM Items 0 1 2 3 4 5 
χ

2
 

Mixing 32 33 45 58 43 124  8.36 

 10% 10% 13% 17% 13% 37%  

 20 27 34 37 20 51  

  11% 14% 18% 20% 11% 27%  

MJ DD 42 28 34 34 36 161 11.14* 

  13% 8% 10% 10% 11% 48%  

 35 27 16 21 21 69  

 19% 14% 8% 11% 11% 37%  

No car 24 20 26 19 30 216  7.55 

  7% 6% 8% 6% 9% 64%  

 10 12 19 10 30 108  

 5% 6% 10% 5% 16% 57%  

No event 11 11 12 9 21 271  8.69 

  3% 3% 4% 3% 6% 81%  

 5 6 13 10 19 136  

 3% 3% 7% 5% 10% 72%  

No drive 20 34 19 41 36 185 11.97* 

  6% 10% 6% 12% 11% 55%  

 22 26 18 21 19 83  

 12% 14% 10% 11% 10% 44%  

Early day 20 17 13 19 43 223 23.56*** 

  6% 5% 4% 6% 13% 67%  

 17 7 23 13 36 93  

 9% 4% 12% 7% 19% 49%  

Costs 67 21 23 24 31 169 26.83*** 

  20% 6% 7% 7% 9% 50%  

 30 24 22 20 32 61  

 16% 13% 12% 11% 17% 32%  

Eval 32 17 18 21 32 215 22.59*** 

  10% 5% 5% 6% 10% 64%  

 19 21 23 20 18 88  

 10% 11% 12% 11% 10% 47%  

No buy 33 33 32 38 41 158 26.30*** 

  10% 10% 10% 11% 12% 47%  

 27 24 35 30 24 49  

 14% 13% 19% 16% 13% 26%  

No px 29 26 22 22 38 198 13.32* 

 9% 8% 7% 7% 11% 59%  

 19 18 24 20 24 84  

  10% 10% 13% 11% 13% 44%  

Night 25 20 32 48 62 148 17.14** 

  7% 6% 10% 14% 19% 44%  

 21 17 32 29 37 53  

 11% 9% 17% 15% 20% 28%  

Anxious 17 13 30 34 35 206 25.31*** 

 5% 4% 9% 10% 10% 61%  
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Table 16. Continued        

 19 15 28 16 32 78  

  10% 8% 15% 9% 17% 41%  

Excuse 58 36 26 34 32 149 17.45** 

 17% 11% 8% 10% 10% 44%  

 53 30 16 20 15 54  

  28% 16% 9% 11% 8% 29%  

Pressure 46 36 24 36 36 157 22.09*** 

 14% 11% 7% 11% 11% 47%  

  48 20 23 22 20 55  

 26% 11% 12% 12% 11% 29%  

Legal 9 8 14 17 44 243  5.38 

  3% 2% 4% 5% 13% 73%  

 7 3 12 9 35 122  

 4% 2% 6% 5% 19% 65%  

Motivation 22 20 29 39 35 190 24.79*** 

 7% 6% 9% 12% 10% 57%  

 17 16 33 27 29 66  

  9% 9% 18% 14% 15% 35%  

Important 27 8 20 35 39 206 23.23*** 

 8% 2% 6% 10% 12% 61%  

  10 16 22 20 32 88  

 5% 9% 12% 11% 17% 47%  

Boredom 30 30 28 51 40 156 25.67*** 

  9% 9% 8% 15% 12% 47%  

 26 29 34 24 18 57  

 14% 15% 18% 13% 10% 30%  

Crowds 27 27 35 56 41 149   8.41 

 8% 8% 10% 17% 12% 44%  

 11 13 30 33 33 68  

  6% 7% 16% 18% 18% 36%  

Dec before 24 24 32 35 53 167 19.06** 

 7% 7% 10% 10% 16% 50%  

 20 11 28 32 37 60  

  11% 6% 15% 17% 20% 32%  

Avoid anx 27 40 25 50 31 162 18.71** 

 8% 12% 7% 15% 9% 48%  

  21 28 28 37 15 59  

 11% 15% 15% 20% 8% 31%  

Concen 30 29 28 35 43 169 28.09*** 

 9% 9% 8% 10% 13% 51%  

 32 29 24 25 24 54  

  17% 15% 13% 13% 13% 29%  

Dec tol 59 32 35 43 28 136 20.32** 

 18% 10% 11% 13% 8% 41%  

 30 25 27 31 30 45  

  16% 13% 14% 16% 16% 24%  

Buzz 36 25 31 51 45 145 29.11*** 

 11% 8% 9% 15% 14% 44%  

  25 18 32 37 37 39  

 13% 10% 17% 20% 20% 21%  

Use own 62 29 19 43 58 123 22.50*** 

  19% 9% 6% 13% 17% 37%  

 25 16 30 29 41 47  

 13% 9% 16% 15% 22% 25%  
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Table 16. Continued        

Private prop 23 19 28 50 48 167   4.62 

 7% 6% 8% 15% 14% 50%  

  16 10 24 29 30 79  

 9% 5% 13% 15% 16% 42%  

Pass share 33 21 26 52 42 161 13.41* 

 10% 6% 8% 16% 13% 48%  

  20 16 18 45 28 61  

 11% 9% 10% 24% 15% 32%  

Trusted 16 21 15 24 47 212 19.88** 

 5% 6% 4% 7% 14% 63%  

  9 12 14 26 43 85  

 5% 6% 7% 14% 23% 45%  

Family 9 7 14 23 30 252 11.69* 

 3% 2% 4% 7% 9% 75%  

 4 7 16 20 24 118  

  2% 4% 8% 11% 13% 62%  

School 16 10 13 25 26 245 14.43* 

  5% 3% 4% 7% 8% 73%  

 5 9 17 17 25 116  

 3% 5% 9% 9% 13% 61%  

Cope 29 34 25 46 40 161   7.54 

 9% 10% 7% 14% 12% 48%  

 20 26 24 21 21 77  

  11% 14% 13% 11% 11% 41%  

Weekend 28 29 19 37 49 173 21.75*** 

 8% 9% 6% 11% 15% 52%  

 23 25 25 22 31 63  

  12% 13% 13% 12% 16% 33%  

Purchase 18 15 15 15 42 230 10.73 

  5% 4% 4% 4% 13% 69%  

 13 5 17 11 34 109  

 7% 3% 9% 6% 18% 58%  

Habit 23 27 10 29 29 217 28.52*** 

 7% 8% 3% 9% 9% 65%  

 24 15 23 18 21 88  

  13% 8% 12% 10% 11% 47%  

Pace 45 32 20 55 37 146 21.27*** 

 13% 10% 6% 16% 11% 44%  

 32 21 20 28 38 50  

  17% 11% 11% 15% 20% 26%  

No mix drug 16 17 14 23 28 237 23.04*** 

 5% 5% 4% 7% 8% 71%  

 11 14 20 17 30 97  

  6% 7% 11% 9% 16% 51%  

Public 15 17 17 38 50 198   5.02 

 4% 5% 5% 11% 15% 59%  

 6 10 15 30 28 99  

  3% 5% 8% 16% 15% 53%  

Breaks 25 14 17 42 25 212 20.82*** 

 7% 4% 5% 13% 7% 63%  

 15 12 26 27 21 87  

  8% 6% 14% 14% 11% 46%  

Buy less
a
 40 23 --- 63 37 172 18.83*** 

  12% 7% --- 19% 11% 51%  

 27 19 59 20 63 27  
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Table 16. Continued        

 14% 10% 31% 11% 34% 14%  

Pace hit 70 26 24 44 30 141 24.63*** 

 21% 8% 7% 13% 9% 42%  

 43 23 16 36 29 41  

  23% 12% 9% 19% 15% 22%  

Methods 31 31 36 43 48 146 25.66*** 

 9% 9% 11% 13% 14% 44%  

 35 31 28 24 16 54  

  19% 16% 15% 13% 9% 29%  

Once 30 29 37 38 47 154 25.95*** 

 9% 9% 11% 11% 14% 46%  

 30 25 19 37 28 49  

  16% 13% 10% 20% 15% 26%  

Limit sit 22 23 37 33 54 166 23.58*** 

 7% 7% 11% 10% 16% 50%  

 18 18 24 41 26 61  

  10% 10% 13% 22% 14% 32%  

No hike 19 18 21 37 39 200 19.38** 

 6% 5% 65% 11% 12% 60%  

 17 19 21 24 30 77  

  9% 10% 11% 13% 16% 41%  

Resp 65 39 22 31 46 132   8.54 

 19% 12% 7% 9% 14% 39%  

 29 16 22 18 36 68  

 15% 8% 12% 10% 19% 36%  

Vape 84 43 28 56 42 82  7.60 

 25% 13% 8% 17% 13% 24%  

 48 27 27 29 25 32  

 26% 14% 14% 15% 13% 17%  

Event only  97 54 38 52 32 61  11.36* 

 29% 16% 11% 16% 10% 18%  

 46 30 33 42 16 21  

 24% 16% 18% 22% 9% 11%  

Potency 90 47 39 48 32 78 20.80*** 

 27% 14% 12% 14% 10% 23%  

 29 28 35 45 21 30  

 15% 15% 19% 24% 11% 16%  

Home  64 35 37 55 54 90  11.91* 

 19% 10% 11% 16% 16% 27%  

 33 16 39 29 35 36  

 18% 9% 21% 15% 19% 19%  

Eye drops 74 41 23 54 42 101   4.92 

 22% 12% 7% 16% 13% 30%  

 33 24 20 38 22 51  

 18% 13% 11% 20% 12% 27%  

     Note. ***p < .001; **p < .01, *p < .05 
a 
denotes degrees of freedom = 4. Degrees of freedom = 5 in all 

     other models. Refer to Appendix A for item abbreviations and corresponding item content.  

 

 Using t-tests to determine whether gender differences existed when items were 

sum scored, results indicated women exhibited higher means on every measure of 

alcohol- and cannabis-related PBS. Although no differences were observed in terms of 
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number of binges or AUD criteria endorsement, men reported higher heaviest alcohol 

consumption quantities and frequencies in the past two weeks, as well as higher past-

month cannabis use frequency and more DSM CUD criteria endorsement. At the item 

level, no gender differences were found across AUD criteria, though more men endorsed 

8/13 of the CUD criteria compared to women. Refer to Table 17 for descriptive statistics 

for PBS sums and substance-related outcomes, and Table 18 for item-level substance use 

disorder criteria endorsement by gender.  

Table 17. Descriptive Statistics for Outcomes of Interest 

Variable Range Women M (SD) Men M (SD) t-test (df) 

PBSS-MOD  0-20 10.82 (5.04) 9.42 (4.97) t(810) =  3.72*** 

PBSS-SLD  0-28 15.96 (7.16) 13.75 (7.05) t(810) =  4.13*** 

PBSS-SHR 0-32 28.08 (4.64) 24.35 (6.44) t(810) =  9.38*** 

PY #Binges 0-9 2.74 (2.18) 3.06 (2.42) t(810) = -1.91 

TW #Binges 0-6 1.16 (1.27) 1.32 (1.45) t(810) = -1.60 

TW Quant 0-9 2.97 (2.30) 3.42 (2.71) t(810) = -2.47* 

TW Freq 0-10 2.97 (2.30) 3.42 (2.71) t(810) = -2.47* 

AUD sum  0-13 2.96 (3.41)  2.82 (3.25) t(799) =  0.56 

PM Can Freq 0-60
a
 4.22 (8.31) 6.93 (10.29) t(499) = -3.21** 

PBSM-44 0-219 156.28 (58.60) 139.02 (52.83) t(546) =  3.42*** 

PBSM -36 0-180 135.12 (40.84) 118.22 (39.26) t(522) =  4.61*** 

CUD sum  0-13 1.86 (1.55) 2.81 (2.30) t(541) = -3.33*** 

   Note. ***p < .001, **p < .01, *p <.05; 
a 
denotes significant gender difference (i.e., men range = 0 – 30).  

   df = degrees of freedom; PBSS = Protective Behavioral Strategies Scale; SLD = Stopping/Limiting  

   Drinking; MOD = Manner of Drinking; SHR = Serious Harm Reduction; PY = Past-year; TW = past two  

   weeks; Quant = heaviest quantity; Freq = heaviest frequency; AUD = alcohol use disorder; PM Can Freq  

   = past-month cannabis use frequency; PBSM = Protective Behavioral Strategies for Marijuana. CUD =  

   cannabis use disorder.  
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Table 18. Descriptive Statistics for DSM Use Disorder Criteria by Gender 
 

DSM SUD 

Criteria Items 

          AUD 

 

       CUD  

 Yes χ
2
   Yes χ

2
 

Larger/longer  328 (60%) 0.11 90 (28%) 3.12 

 150 (59%)  67 (35%)  

Desire to cut  135 (25%) 0.05 38 (12%) 9.76** 

 61 (24%)  42 (22%)   

Time  166 (30%) 0.35 53 (16%) 8.09** 

 72 (28%)  51 (27%)  

Craving 90 (16%) 0.01 79 (24%) 1.07 

 41 (16%)  54 (28%)  

Role fail 73 (13%) 0.10 25 (8%) 8.13** 

 36 (14%)  30 (16%)  

Social probs 75 (14%) 0.81 31 (9%) 5.86* 

 41 (16%)  32 (17%)  

Activities 88 (16%) 0.08 31 (9%) 6.65** 

 43 (17%)  33 (17%)  

Hazardous  98 (18%) 0.24 28 (9%) 3.22 

 42 (17%)  26 (14%)  

Phys/Psyc  116 (22%) 1.34 41 (13%) 5.61* 

 45 (18%)  39 (20%)  

Increased  151 (28%) 0.07 62 (19%) 1.83 

 68 (27%)  46 (24%)  

Diminished 131 (24%) 0.73 48 (15%) 4.98* 

 54 (21%)  43 (22%)  

Withdrawal  90 (16%) 0.30 38 (12%) 3.75 

 38 (15%)  34 (18%)  

 Relief  76 (14%) 1.29 38 (12%) 15.54*** 

 28 (11%)  48 (25%)  

                Note. ***p < .001, **p < .01, *p < .05. all item-level chi-square tests have 1 degree  

                of freedom. Total chi-square df = 13. Frequencies (% within gender in parentheses)  

                among women on the top row, and frequencies among men on the following row.  

               AUD = alcohol use disorder; CUD = cannabis use disorder. Refer to DSM Criteria in 

               Appendix E: Proposed Measures for item content. 

 Correlations.  Prior to running item-level analyses, correlations were examined 

among latent variables, other outcomes of interest (i.e., past-month cannabis use 

frequency), and demographics. Significant demographic correlations were added to 

models. Refer to Table 19 for correlations among variables of interest and Table 20 for 

demographic associations with variables of interest.  
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 Latent variable correlations. Latent variable correlations (as well as correlations 

with the observed cannabis use frequency variables) are presented in Table 19. Across 

gender, the strongest correlations emerged between alcohol PBS subscales MOD and 

SLD (i.e., rs = .83, .84 for women and men, respectively), DSM AUD and DSM CUD 

endorsement (i.e., rs = .65, .61), and PBSM and alcohol-related SHR (i.e., rs = .61, .69). 

Although all correlations between PBS constructs and substance use outcomes were 

significant among women, SLD and MOD were not significantly associated with DSM 

AUD or CUD criteria among men. Effects ranged from small to large.  

Table 19. Zero-Order Correlations among Variables of Interest 
 

 

 

 

 

 

 

 

 

 

 

 

Note. **p < .001, *p < .05. SLD = Stopping/Limiting Drinking; MOD = Manner of Drinking; SHR = 

Serious Harm Reduction; Alc Cons. = Problematic alcohol consumption latent variable; AUD = DSM 

alcohol use disorder criteria endorsement; PBSM = Protective Behavioral Strategies for Marijuana; Can 

Freq = past-month cannabis use frequency; CUD = DSM cannabis use disorder criteria endorsement;  

Correlations among women below the diagonal. Correlations among men above the diagonal. Alcohol-

related correlations N = 537 women, 251 men; Cannabis-related correlations N = 338 women, 188 men; 

Alcohol-cannabis correlations N = 327 women, 174 = men). The 44-item PBSM is used in correlations.  

 

 To address hypothesis 1c, Fisher’s r-to-z transformation was used. Among PBSS 

variables, differences between MOD and SLD were examined, given recommendations 

(i.e., PBSS-R) that these should be a single subscale (i.e., Controlled Consumption). 

Results suggested these subscales differed significantly for women regarding alcohol 

consumption (z = 2.85, p < .01), and use disorder criteria (z = 2.42, p < .01). SLD and 

MOD did not differ in their relations to alcohol outcomes among men. This suggests 

splitting the consumption-aimed PBS may be more useful in understanding outcomes for 

 

SLD MOD SHR 

Alc 

Cons. 

DSM 

AUD PBSM 

Can 

Freq. 

DSM 

CUD 

SLD  1   .84**   .71** -.36** -.07   .29** -.25**  .01 

MOD   .83**  1   .62** -.36** -.05   .36** -.36** -.03 

SHR   .63**   .61**  1 -.48** -.30**   .69** -.43** -.32** 

Alc Cons. -.20** -.36** -.29**  1  .36** -.29**  .25**  .23* 

AUD -.16* -.30** -.30**   .42**  1 -.26**  .05  .61** 

PBSM   .38**  .41**   .61** -.29** -.17*  1 -.50** -.37** 

Can Freq -.13* -.14* -.24**  .11  .02 -.41**  1  .27** 

CUD -.21** -.21* -.37**  .16*  .65** -.50**  .26**  1 
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women versus men. However, this is not yet supported in the literature. Conversely, 

Walters et al., (2009) suggested splitting SLD into two factors for men only. Thus, more 

work is necessary. Although PBSM subscale-level analyses were not possible, the 

magnitude of the difference between PBS relations with consumption and consequences 

were tested. Results indicated no significant differences between the PBS-cannabis use 

frequency and PBS-CUD relations among women (z = 1.47, p > .05) or men (z = -1.55, p 

> .05). This is likely because PBSM items assess strategies which moderate consumption 

and reduce consequences; moreover, some strategies may do both.    

 Unlike the hypothesized small-to-medium correlations in hypothesis 3, 

associations between alcohol- and cannabis-related PBS constructs ranged from medium-

to-large (i.e., rs = .38-.61 for women; .29-.69 for men). Cross-over effects were also 

exhibited, such that alcohol-related PBS was significantly negatively associated with 

cannabis use frequency and DSM CUD criteria in some cases. Similarly, cannabis-related 

PBS use was negatively associated with problematic alcohol consumption and DSM 

AUD criteria among women and men.  

 Correlations with demographics. Refer to Table 20 for associations between 

demographic variables and variables of interest by gender.  

 Greek involvement. Greek involvement was negatively associated with SLD and 

MOD use among women and men, as well as SHR use among men. Frat involvement 

was also significantly associated with more problematic alcohol use across gender; 

among men, frat involvement was also positively associated with DSM AUD criteria 

endorsement and past-month cannabis use frequency and negatively associated with 

cannabis-related PBS use. Effects ranged from small to medium.  



Texas Tech University, Brittany Blanchard, August 2020 

 

61 

 

 Age and year in college. Age was significantly negatively associated with 

cannabis-related PBS use among women and men. Age was also associated with less 

SLD and SHR use, as well as more alcohol consumption among men. The same relations 

were observed between these variables and year in college. Additionally, year in college 

was negatively associated with MOD use and positively associated with cannabis use 

frequency among men.  

 Race/Ethnicity. Using a binary variable (i.e., “White” = 1; “Not white” = 0), 

identifying as White was not associated with PBS use or substance-use outcomes among 

women. Among men, identifying as White was significantly associated with less SLD, 

MOD, and SHR use, as well as more problematic alcohol consumption and past-month 

cannabis frequency. Using another dichotomous variable (i.e., “Hispanic” = 1; “not 

Hispanic” = 0), identifying as Hispanic was not significantly associated with any 

outcomes for women. Among men, identifying as Hispanic was associated with more 

SLD and SHR use, as well as less problematic alcohol consumption.   

 Time of Assessment. For semester of assessment (coded binary for each semester), 

fall (versus not) was significantly associated with more cannabis-related PBS use among 

women, and the spring semester was associated with less cannabis-related PBS use 

among women. Among men, spring semester was negatively associated with DSM CUD 

endorsement, and summer was negatively associated with cannabis-related PBS use.  
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Table 20. Zero-Order Correlations among Variables of Interest and Demographics 

Variable 

(Women) 

(Men) SLD MOD SHR 
Alc 

Cons. 
DSM 

AUD PBSM 
Can 

Freq. 
DSM 

CUD 
Greek -.11* -.20** -.10  .35**  .05 -.01  .03 -.03 

 -.23** -.26** -.34**  .41**  .28** -.19*  .22*  .19 
Age -.04  .00 -.07  .00  .05 -.12*  .09  .00 

 -.19** -.10 -.30**  .25**  .08 -.17*  .13  .10 
Year -.09 -.07 -.10 -.01 -.14* -.12  .03 -.10 

 -.19** -.16* -.28**  .20**  .05 -.19*  .19*  .12 
White  .04  .04  .11  .05 -.07  .05 -.02  .05 
 -.26** -.22** -.22**  .21*  .07 -.05  .19* -.19 

Hisp. -.02 -.06 -.13  .05  .12  .01 -.02 -.01 

  .22*  .11  .25** -.26** -.07  .05 -.11 -.05 

Fall -.02  .00  .02  .06  .05  .20** -.05 -.11 

 -.08  .01  .04 -.07  .07  .12 -.09  .02 

Spring  .05  .08 -.03 -.05  .00 -.21**  .14  .15 

  .11 -.11 -.01 -.05 -.07  .06 -.06 -.34** 

Summer -.02 -.09  .02 -.04 -.08 -.07 -.12 -.04 

  .02  .06 -.04  .12 -.04 -.20*  .15  .18 

Note. **p < .001, *p < .05. SLD = Stopping/Limiting Drinking; MOD = Manner of Drinking; SHR = 

Serious Harm Reduction; Alc Cons. = Problematic alcohol consumption latent variable; AUD = DSM 

alcohol use disorder criteria endorsement; PBSM = Protective Behavioral Strategies for Marijuana; Can 

Freq = past-month cannabis use frequency; CUD = DSM cannabis use disorder criteria endorsement; Greek 

= Greek system involvement; Year = year in college; Hisp. = Hispanic ethnicity; Fall, Spring, and Summer 

refer to semester of assessment completion. Correlations among women on the top row, and correlations 

among men on the following row. Alcohol-related correlations N = 537 women, 251 men; Cannabis-related 

correlations N = 338 women, 188 men. 

 

 Alcohol-Related Outcomes. Specifically, problematic alcohol consumption was 

modeled using select NIAAA questions of past two-week number of binges, largest 

quantity, and frequency of largest quantity. Because the model could not be identified 

(rendering model fit useless), number of past-year binges was also included. This model 

exhibited standardized factor loadings of .71-.94 and fit the data well according to CFI 

(i.e., .99), though RMSEA indicated lack of close fit (i.e., .12). However, Kenny, 

Kaniskan, and McCoach (2015) suggest RMSEA should not be interpreted for models 

with low degrees of freedom, like this case (i.e., χ
2
 (2) = 23.20, p < .001). Although this 

model fit the data better when modeled separately for women (χ
2
 (2) = 6.96, p < .05, CFI 

= 1.00, RMSEA = .068), than men (χ
2
 (2) = 16.93, p < .01, CFI = .98, RMSEA = .173), 
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RMSEA is also a function of sample size (which for men the sample size was quite 

smaller, i.e., n = 249 versus 533 women). Therefore, this model was retained as the 

alcohol consumption outcome. For DSM AUD criteria, the model fit the data well (i.e., χ
2
 

(65) = 198.34, p < .001, CFI = .98, RMSEA = .052), including for women (CFI = .98, 

RMSEA = .051) and men (CFI = .99, RMEA = .043).  

 Alcohol consumption. All relations were negative in direction, suggesting less 

problematic alcohol consumption with more PBS use. Thus, hypothesis 2a (i.e., specific 

items will be associated with higher levels of consumption) was incorrect, and hypothesis 

2b (i.e., those items would also be associated with more consequences) was not testable. 

“Avoid pre-gaming” was the strongest univariate predictor of less problematic alcohol 

consumption for women and men. For women, the following items were the strongest 

predictors following “avoid pre-gaming”: “Avoid drinking games”, “avoid trying to keep 

up or outdrink others”, and “determine not to exceed a set number of drinks.” Among 

men, the strongest predictors were “only go out with people you know and trust”, “drink 

water while drinking alcohol”, and “make sure you drink with people who can take care 

of you if you drink too much” following “avoid pre-gaming.” Only “use a designated 

driver” was nonsignificant for women, whereas “have a friend let you know” and “put 

extra ice” were nonsignificant for men. All significant relations ranged from small-to-

medium in magnitude. Refer to Table 21 for standardized estimates. For multivariate 

model estimates (i.e., all PBS factors predicting outcomes), see Table 22. 
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Table 21. Item-Level PBSS-20 Alcohol Outcome Models 

PBSS Item  
Women 

Men 

Prob Alc 

Consum 

DSM 

AUD 

Dd -.06 

-.22** 

-.13** 

-.12 

Num drinks -.32** 

-.35** 

-.16** 

-.10 

Alternate -.25** 

-.35** 

-.10 

-.11 

Let friend -.13** 

-.13 

 .01 

-.03 

No games -.34** 

-.26** 

-.08 

 .08 

Leave bar -.27** 

-.28** 

-.08 

-.08 

Go friend -.22** 

-.31** 

-.08 

-.17* 

Know drink -.20** 

-.26** 

-.18** 

-.22** 

Stop drink -.24** 

-.28** 

-.02 

-.10 

Water -.24** 

-.44** 

-.10* 

-.18* 

Ice -.14** 

-.10 

  .03 

-.00 

No mix -.21** 

-.23** 

-.09 

-.09 

No gulp -.31** 

-.24** 

-.14** 

-.10 

Keep up -.33** 

-.28** 

-.19** 

-.13 

No ride -.21** 

-.39** 

-.19** 

-.25** 

Trust -.33** 

-.46** 

-.17** 

-.28** 

No MJ -.25** 

-.27** 

-.12* 

-.17* 

Pregame -.43** 

-.48** 

-.12* 

-.09 

Care -.28** 

-.41** 

-.14** 

-.29** 

Eat -.24** 

-.22** 

-.13** 

-.16* 

                                             Note. **p < .01; *p < .05; Prob Alc Consum = problematic  

                                             alcohol consumption latent variable. AUD = alcohol use  

                                             disorder. Refer to Appendix A for item abbreviations and  

                                             corresponding item content. 

  

 Covariate-adjusted models. In covariate adjusted models, a suppressor effect was 

exhibited, such that relations between problematic consumption and SLD became 
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positive when in a model with MOD. Although all PBS types were significant for 

women, only SHR was significant among men. Greek involvement was significantly 

associated with problematic alcohol consumption, adjusting for PBS use, across gender. 

For men, age remained significant in the covariate model, adjusting for PBS use, Greek 

involvement, race, and ethnicity. Refer to Table 22 for covariate-adjusted models.  

Table 22. Unadjusted and Covariate-Adjusted Alcohol Models 

Unadjusted 

MV Model 

Prob Alc 

Consum 

DSM  

AUD 

SHR -.28** 

-.49** 

-.29** 

-.54** 

MOD -.54** 

-.25 

-.28* 

 .10 

SLD  .32** 

 .17 

 .33** 

 .17 

Cov Adjusted  

MV Model 

  

SHR 

 

-.28** 

-.31** 

-.30** 

-.48** 

MOD 

 

-.47** 

-.28* 

-.28* 

 .10 

SLD 

 

 .29** 

 .13 

 .32** 

 .15 

Frat 

 

 .22** 

 .30** 

  --- 

 .23** 

Age 

 

  --- 

 .15* 

  --- 

  --- 

Year 

 

  --- 

  --- 

-.12* 

  --- 

White   --- 

 .07 

  --- 

  --- 

Hispanic   --- 

-.05 

  --- 

  --- 

                                          Note. **p < .01; *p < .05; SLD = Stopping/Limiting Drinking; 

                                          MOD = Manner of Drinking; SHR = Serious Harm Reduction; 

                                          Prob Alc Consum = Problematic alcohol consumption latent  

                                          variable; AUD = DSM alcohol use disorder criteria endorsement. 

 

 DSM alcohol use disorder criteria. The strongest predictors of DSM-5 AUD 

criteria for women included “refuse to ride in a car with someone who has been 

drinking”, “avoid trying to keep up or outdrink others”, “know where your drink has been 
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at all times”, and “only go out with people you know and trust.”  For men, the items were 

“make sure you drink with people who can take care of you if you drink too much”, “only 

go out with people you know and trust”, “refuse to ride in a car with someone who has 

been drinking”, and “know where your drink has been at all times” (in order of 

descending magnitude). Unlike consumption, multiple items were nonsignificant for 

women (i.e., 9 items) and men (i.e., 12 items). All significant relations were negative in 

direction. Several differences in predictor magnitude and rank-order suggest specific 

strategies may be more effective for specific genders in reducing problematic alcohol 

consumption (e.g., drinking water for men) and alcohol-related consequences, as assessed 

by DSM-5 (e.g., avoid trying to keep up with others for women).  

 Covariate-adjusted models. The same suppressor effect was exhibited with SLD 

and DSM AUD criteria endorsement. Again, all PBS types were associated with the 

outcome for women, whereas only SHR was significant among men. Among women, 

year was negatively associated with DSM AUD endorsement, adjusting for PBS use. 

Among men, Greek involvement was significantly predictive of more DSM AUD criteria 

endorsement, adjusting for PBS use.  

 Cannabis-Related Outcomes. Due to lack of endorsement and uninterpretable 

participant responses,
22

 past-month typical week and heaviest week cannabis 

consumption was not useable. Thus, a single past-month frequency of cannabis use item 

was used as the marker of cannabis consumption. For DSM CUD criteria, the model fit 

the data well based on CFI and RMSEA (i.e., χ
2
 (65) = 132.29, p < .001, CFI = .99, 

                                                 
22

 For example, when asked about frequency, quantity, and method of use, one participant wrote, “I smoke 

every day all day. Its also usually the same amount.”  
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RMSEA = .046), including for women (CFI = .99, RMSEA = .043) and men (CFI = 1.00, 

RMEA = .039).  

 Cannabis Consumption. All statistically significant models were negative in 

direction and ranged from small to large. Refer to Table 23. Similar to the alcohol 

analyses, hypothesis 2a (i.e., specific items will be associated with higher levels of 

consumption) was incorrect, and hypothesis 2b (i.e., those items would also be associated 

with more consequences) was not testable. The strongest predictors of past-month 

cannabis use across gender were “avoid using marijuana habitually” and “avoid situations 

that you anticipate being pressured to use marijuana.” Gender-specific predictors with 

large effects included “limit use to weekends” for women, and “avoid buying marijuana”, 

“stop using marijuana if you become anxious or paranoid”, “avoid driving a car after 

using”, “avoid situations that you anticipate being pressured to use marijuana”, “take 

periodic breaks if it feels like you are using marijuana too frequently”, and “avoid 

methods of using marijuana that can make you more intoxicated than you would like” for 

men. Ten of the 44 items were nonsignificant at p < .05 for women, and nine were 

nonsignificant for men. The six removed items (i.e., eye drops, vape, home, 

responsibilities, potency, and event only) were among the nonsignificant predictors of 

past-month cannabis use frequency.  

Table 23. Item-Level PBSM Cannabis Outcome Models 

PBSM Items 
Women 

Men 

PM Can 

Freq 

DSM 

CUD 

Resp   .09 

  .04 

-.16 

-.03 

Trusted -.04 

-.18* 

-.20** 

-.25** 

Mixing -.28** 

-.43** 

-.30** 

-.37** 
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Table 23. Continued   

Family -.30** 

-.32** 

-.32** 

-.24** 

School -.35** 

-.37** 

-.38** 

-.38** 

Cope -.26** 

-.37** 

-.24** 

-.28** 

MJ DD -.08 

-.07 

-.34** 

-.22* 

No car -.22** 

-.33** 

-.27** 

-.22** 

No event -.12* 

-.21** 

-.25** 

-.24** 

Weekend -.51** 

-.46** 

-.36** 

-.33** 

No drive -.40** 

-.54** 

-.36** 

-.31** 

Purchase  -.08 

 .01 

-.27** 

-.13 

Habit -.55** 

-.68** 

-.36** 

-.32** 

Early day -.42** 

-.43** 

-.39** 

-.33** 

Costs -.15** 

-.15* 

-.25** 

-.08 

Eval -.40** 

-.49** 

-.27** 

-.24** 

Pace -.31** 

-.25** 

-.28** 

-.13 

No buy -.46** 

-.58** 

-.35** 

-.21* 

No px -.32** 

-.46** 

-.35** 

-.32** 

No mix drug -.22** 

-.40** 

-.36** 

-.36** 

Night -.25** 

-.33** 

-.27** 

-.35** 

Anxious  -.38* 

-.54** 

-.24** 

-.27** 

Public  -.32** 

-.32** 

-.33** 

-.20* 

Breaks  -.33** 

-.52** 

-.27** 

-.29** 

Buy less  -.30** 

-.25** 

-.19* 

-.01 

Excuse  -.47** 

-.46** 

-.35** 

-.13 

Pressure  -.44** 

-.53** 

-.25** 

-.23* 

Home  -.11 

-.02 

-.14 

 .04 

Legal -.18** 

-.09 

-.29** 

-.19* 
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Table 23. Continued   

Vaporizer  -.08 

-.11 

-.05 

 .05 

Motivation  -.34** 

-.35** 

-.25** 

-.11 

Important  -.22** 

-.28** 

-.33** 

-.36** 

Pace hit  -.28** 

-.21** 

-.27** 

 .04 

Boredom -.42** 

-.42** 

-.30** 

-.26** 

Methods -.36** 

-.50** 

-.34** 

-.23* 

Private prop -.26** 

-.19** 

-.25** 

-.19* 

Pass share -.26** 

-.34** 

-.23** 

 .20* 

Eye drops -.07 

-.06 

 .03 

-.02 

Once -.31** 

-.39** 

-.34** 

-.20* 

Crowds  -.27** 

-.24** 

-.30** 

-.17 

Limit sit -.31** 

-.41** 

-.33** 

-.21* 

Dec before -.22** 

-.28** 

-.28** 

-.15 

Avoid anx -.39** 

-.44** 

-.31** 

-.16 

Event only -.10 

-.15* 

 .03 

-.16 

Concen  -.37** 

-.40** 

-.34** 

-.24* 

Potency  -.04 

 .11 

-.02 

-.22* 

Dec tol  -.26** 

-.23** 

-.17* 

 .03 

Buzz -.34** 

-.30** 

-.31** 

-.08 

Use own -.05 

-.02 

-.14 

-.03 

No hike -.26** 

-.39** 

-.25** 

-.26** 

                                              Note. **p < .01; *p < .05; PM Can Freq = past-month 

                                             cannabis use frequency; DSM CUD = DSM cannabis  

                                             use disorder. Refer to Appendix A for item abbreviations  

                                             and corresponding item content. 

  

 Covariate-adjusted models. Cannabis-related PBS remained a negative predictor 

of past-month cannabis frequency across gender when covariates were added to the 

model. For women, age and spring semester were positively associated with past-month 
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cannabis frequency, adjusting for PBS use. For men, no covariates remained significant 

in the multiple regression. Refer to Table 24 for covariate-adjusted model estimates.  

Table 24. Covariate-Adjusted Cannabis Models 

Model 

Variables 

PM Can 

Freq 

DSM 

CUD 

PBSM -.40** 

-.47** 

-.48** 

-.36** 

Frat   --- 

 .14 

  --- 

  --- 

Age  .14* 

 .09 

-.02 

  --- 

White   --- 

 .10 

  --- 

  --- 

Fall  .17 

  --- 

-.03 

  --- 

Spring  .21** 

  --- 

 .08 

-.18 

Summer   --- 

 .07 

  --- 

 .09 

                                                  Note. **p < .01, *p < .05. Women n = 307-313;  

                                                  Men n = 177-180. Note. Due to the high correlation 

                                                  between year and age (i.e., r = .79) only one is included 

                                                  as a covariate.  

 

   DSM Cannabis Use Disorder. All statistically significant models were negative 

in direction and ranged from small to medium. The strongest predictors across gender 

was “avoid using marijuana before work or school” and “avoid mixing marijuana with 

other drugs”. Gender-specific predictors included the following: “avoid using marijuana 

early in the day”, “avoid using marijuana habitually”, “limit use to weekends”, and 

“avoid driving a car after using” for women. Among men, the strategies included “avoid 

mixing marijuana with alcohol”, “only use when you know you have nothing important 

to do for the rest of the day/night”, and “only use at night.” Seven items were 

nonsignificant among women, and 18 items were nonsignificant among men. Notably, 

items previously dropped (i.e., resp, home, vape, eye drop, and event only) were 

nonsignificant across gender, and potency was only significant among men. These 
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findings, combined with the consistent findings from the consumption models, suggest 

most of the items provide little value to the PBSM, and thus can be eliminated.   

 Covariate-adjusted models. Cannabis-related PBS remained a negative predictor 

of past-month cannabis frequency across gender when covariates were added to the 

model. No covariates were statistically significant in these models. 

Substance Use Disorder Analyses. Types of PBS use were predicted using DSM 

use disorder severity status. Among women and men, alcohol PBS types and PBSM were 

significantly predicted by AUD and CUD status, respectively. Tukey’s HSD tests 

suggested significant differences between nondiagnosers and individuals with some level 

of use disorder across all three types. See Tables 25 and 26 for means, F-test estimates, 

and significant group differences across PBSS-20 subscales and PBSM sums, 

respectively. For boxplots, refer to Appendix C. 

Table 25. GLM Results for Alcohol Use Disorder Status Predicting PBS Use 

PBS  0 - None 1 - Mild 2 - Mod 3 - Severe F-test HSD (p < .05) 

(Women)       

SHR 28.72 28.61 28.06 26.46 7.33*** 0 v 3 

       1 v 3 

2 v 3 
MOD 11.98 9.71 8.83 9.89 11.48*** 0 v 1 

0 v 2 

0 v 3 
SLD 16.94 15.21 14.38 15.45 3.27* 0 v 2 

(Men)       

SHR 26.12 24.15 24.61 21.95 6.28*** 0 v 3 

MOD 10.43 7.82 7.31 9.63 5.18** 0 v 1 

SLD 15.26 11.54 12.04 13.72 4.49** 0 v 1 

Note. ***p < .001, **p < .01, *p < .05; SHR = Serious Harm Reduction; SLD = Stopping/Limiting 

Drinking; MOD = Manner of Drinking; HSD = Tukey’s honestly significant difference test. 
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Table 26. GLM Results for Cannabis Use Disorder Status Predicting PBS Use 

 0 - None 1 - Mild 2 - Mod 3 - Severe F-test HSD (p < .05) 

PBSM-44 
(women) 

164.21 153.63 128.33 127.02 6.94*** 0 v 2 

0 v 3 

PBSM-44 
(men) 

154.06 115.00 114.57 120.83 8.07*** 0 v 1 

0 v 2 

0 v 3 
Note. ***p < .001, **p < .01, *p < .05; PBSM = Protective Behavioral Strategies for Marijuana; HSD = 

Tukey’s honestly significant difference test. 
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CHAPTER 4 

DISCUSSION 

 The purpose of this project was to provide a rigorous examination of the two most 

used protective behavioral strategy assessments for alcohol and cannabis: the PBSS-20 

and PBSM. Only one study to date has examined measurement invariance across gender 

in the PBSS-20, and this has not yet been tested in an independent sample outside of the 

original work. Similarly, the PBSM was recently created, and none of its psychometric 

properties have been tested outside of its original sample. Therefore, this work served to 

provide much needed replication efforts. Moreover, to this author’s knowledge, no 

published study has examined relations between PBS use and DSM substance use 

disorder criteria, particularly at the item level for PBS.  

 Psychometric Work. Regarding the PBSS-20, results suggested the 2-factor 

model (i.e., SLD and MOD as Controlled Consumption) exhibited acceptable fit, though 

the PBSS-20 3-factor structures fit the data slightly better. Moreover, despite that the 

correlations between MOD and SLD were high in the training and testing data (i.e., rs = 

.86, .79, respectively), differential relations emerged among outcomes of interest among 

women. Specifically, MOD demonstrated stronger associations with problematic alcohol 

consumption and DSM AUD criteria for women. These findings highlight the utility of 

keeping these constructs separate, particularly for women. Regarding the PBSM, when 

two-factor solutions were examined, the correlations were above .90. Thus, the one-factor 

solution was retained, though more work is necessary given some item content reflects 

reducing consumption (e.g., “having a set amount of times you take a hit), rather than 

consequences (e.g., “avoid possibilities of legal repercussions”). 
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 Results from EFAs were often difficult to interpret due to significant cross-

loading. Indeed, even the accepted 3-factor model from the PBSS-20 demonstrated 

significant cross-loading, such that items loaded equally on two factors (e.g., “avoid 

mixing alcohol with marijuana” loaded on MOD and SHR). Similar problems were also 

found when examining PBSM items. This suggests the factor structure of these constructs 

may not be unidimensional. It is possible this lack of simple structure is due to strategies 

impacting both, consumption and consequences. For example, “only use marijuana on the 

weekends” would limit consumption, and this limiting may also reduce consequence 

likelihood, such as failure to meet role obligations (e.g., going to class). Indeed, given the 

substantial cross-loading found on almost every item of the PBSM, alternative structures 

are worth exploring.  

 For example, a bifactor solution (see Reise, 2012, for more on bifactor models) 

may fit the data better and explain more variance. That said, bifactor models may also be 

difficult to interpret. Assuming a bifactor model is appropriate, conceptually, what would 

the general factor represent? Overall PBS? Conscientious? This potential problem 

highlights the larger issue: What does the construct of PBS represent, and is it best 

represented as reflective (as modeled currently) or formative? Some researchers in the 

literature have noted the use of sum scores to assess PBS to be problematic (e.g., Pearson, 

2013); however, conceptually, if this variable is formative, summing scores may be 

appropriate, especially for the PBSM.  

 This question of how to appropriately model PBS was recently echoed in the 

psychometric literature, referring to psychological constructs more broadly. After 

providing examples of more appropriate alternative models (e.g., causal indicator, mixed 
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indicator), Rhemtulla, van Bork, and Boorsboom (2019) plainly state, “Applying an 

incorrect model for measurement error can be worse than not modeling measurement 

error at all, even when measurement error is present” (p. 31). Clearly, more work is 

necessary to determine how to best model PBS and outcome constructs (e.g., substance 

use disorder criteria), as the current approach may be limiting.  

 In line with previous work, the PBSS-20 (Treloar et al., 2015) and full versions of 

the PBSM (Pedersen et al., 2017) failed to demonstrate measurement invariance across 

gender in this sample. Further, the short 17-item PBSM failed to exhibit gender 

invariance, despite that it was assembled using (ostensibly) gender-invariant items 

(Pedersen et al., 2017). Although it is possible this is due to methodological differences 

(refer to discussion within results section), it is also possible this reflects the idiographic 

nature of these strategies. More replications are necessary, though this work suggests 

PBS constructs should be evaluated separately for women and men. Indeed, this 

suggestion is also consistent with the IRT results.     

 Results from IRT analyses confirmed the 6 items removed in the current study 

exhibited poor discrimination and little information on the PBSM. Further, most and least 

discriminating items often differed across women and men, providing further evidence 

regarding the lack of measurement invariance across gender on these measures. 

Information on the latent trait only ranged from -2 to 0. This suggests the items currently 

are not capturing information at the higher levels of the PBSM construct, which is 

potentially problematic.  

As previously noted, it is difficult to interpret what difficulty across the latent trait 

of PBS means without a better understanding of the construct. What does it mean for an 
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item to be more “difficult”? Because use of PBS is not necessarily a skill or ability, 

interpreting these parameters is challenging. This is especially true in the context of the 

literature, in which response option coding varies significantly and means are often not 

provided. Speculatively, the lack of range assessed by the varied PBS items could mean 

these constructs may be formative, rather than reflective. Alternatively, these findings 

could reflect limitations of the assessments (i.e., items do not capture variance across trait 

levels). Therefore, until more is known about the construct of PBS (e.g., how to 

appropriately model indicators), IRT analyses may not be appropriate. 

 Consistent with some previous work (e.g., Martens et al., 2007; Pedersen et al., 

2017; Treloar et al., 2015), PBS constructs were negatively associated with consumption 

and consequences; however, for men, SLD and MOD were not significantly associated 

with AUD endorsement. This suggests that strategies aimed at moderating consumption 

may be less useful in preventing consequences (as measured by DSM-5) for men 

compared to SHR strategies. Although a negative relation between SHR and 

consumption, as well as consequences, emerged for women and men, some previous 

work has found that SHR is linked to fewer consequences but not reduced consumption 

(e.g., Martens et al., 2011; Napper et al., 2014). Theoretically, the current findings are 

inconsistent, as one would need to engage in alcohol consumption to have need for SHR 

strategies (e.g., using a designated driver). Conceptually, it is not clear why using 

strategies to stay safe while drinking (e.g., going with people who can take care of you if 

you drink too much) would be associated with less potentially problematic consumption 

(e.g., binge drinking). A third-variable explanation (e.g., safety concerns or general safety 

behaviors) is possible, though this was not testable with the current data.  
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 It is interesting that some of the strategies most indicative of protective behavioral 

strategy use involve choice of company and contexts (e.g., avoiding party/bars/groups 

where covert drug administration is more likely) for alcohol, but not cannabis. 

Specifically, two alcohol-related items exhibiting the most discrimination refer to being 

accompanied by people considered safe (i.e., “only go out with people you know and 

trust” and “make sure you drink with people who can take care of you if you drink too 

much”). Studying peer groups (e.g., “drinking buddies”; Lau-Barraco, Braitman, 

Leonard, & Padilla, 2012) may be useful for understanding how PBS work. Studying 

these networks may also elucidate why Greek-affiliated individuals are less likely to 

engage in PBS.  

 Although relations between PBS use and substance use outcomes were all 

negative in direction, magnitudes differed by outcome (i.e., consumption versus 

consequences) and gender. This corroborates other findings from the current study which 

call for gender-specific analyses of these relations (e.g., lack of measurement invariance). 

In addition to running analyses separately for women and men, future work may also 

consider exploring gender-specific factor structures (e.g., Walters et al., 2009). As it 

currently stands, comparing women and men’s PBS use is problematic. Women 

consistently use PBS more than men, though the impact of PBS use was smaller in 

magnitude compared to men across many outcomes. Additionally, despite using most 

alcohol-related PBS significantly more than men, there were no gender differences in 

alcohol use disorder endorsement, even at the item-level. More work is necessary, but 

clinically, this may mean teaching specific PBS strategies to men (i.e., serious harm 
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reduction strategies) may be useful in reducing alcohol-related consequences and alcohol 

use disorder severity.  

 Significant crossover effects were observed, such that cannabis PBS was 

negatively associated with alcohol outcomes and vice versa. To this author’s knowledge, 

this is the first study to examine this type of crossover effect. The only PBS crossover 

effect in the current literature involve alcohol PBS yielding fewer gambling 

consequences (Granato et al., 2018). Although replications are needed, this finding has 

significant clinical implications (discussed below), particularly for treatment.   

 Inconsistent with research question 2, structural equation models provided no 

support for specific types of PBS being indicative of more consumption or consequences. 

This does not support the notion that protective strategies may reflect course-referenced 

predictors (e.g., Sher et al., 2004), though this is difficult to detect without longitudinal 

data. Moreover, general linear models indicated significant differences between 

nondiagnosers and diagnosers, with those not meeting criteria for a substance use 

disorder reporting more PBS use. That said, mean differences, though statistically 

significant, were often small in magnitude. Indeed, an examination of the means across 

substance use disorder status suggest individuals with even severe levels of use disorder 

reported average levels of PBS use. Thus, more work is necessary. Speculatively, it may 

be that certain PBS are indicative of problematic use for some (i.e., drinking restraint 

efforts following problems), while indicating a marker of conscientious substance use in 

others. To determine this, longitudinal, within-person approaches are warranted.  

  Research Implications. Because the two most utilized measures of PBS did not 

demonstrate simple structure or measurement invariance, more work is necessary to 
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determine how to best assess PBS use. Going forward, ecological momentary assessment 

may be the best way to capture and understand PBS use in the context of substance use 

behaviors. Specifically, an EMA design could assess PBS utilized in a specific substance 

use episode. This would allow discernment of whether less consumption and/or 

consequences are reported in instances when individuals utilize PBS compared to 

episodes when PBS are not utilized at the within-person level. 

 Speculatively, there may be significant between-person variance at the item level, 

which may be more easily identified from a qualitative approach. For example, a strategy 

such as “eat before or while drinking” could range from eating a slice of bread prior to 

drinking, to consuming a full meal before and eating throughout alcohol consumption. If 

this is the case, even item-level analyses may fail to capture the potential protective 

effects of strategies at the individual level. Thus, nomothetic measures may be 

obfuscating true relations between strategies and substance-related outcomes. When 

possible, person-centered approaches are recommended. When this is not feasible, it is 

recommended analyses are conducted separately by gender until more conclusive 

evidence is provided regarding measurement invariance of the PBSS-20 and the PBSM.  

 Regarding the PBSM, it was found that in initial EFAs, “bad items” (e.g., use at 

home, use a vaporizer, use higher potency) loaded onto one factor. This suggests a 

forward selection approach to PBS assessment creation may be useful, rather than the 

current strategy of running EFAs or principal component analyses on dozens of items. 

This is particularly true when items may reflect risky use. For example, the item “use a 

higher potency marijuana so you can take less hits and avoid lung damage” could be 

viewed as protective by reducing risks of respiratory problems. However, evidence 
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suggests using higher potency cannabis yields more executive functioning impairment 

(Ramaekers et al., 2006). Research has also found high-potency cannabis products (e.g., 

wax, dabs) elevate risk for psychotic symptoms (e.g., Pierre, Gandal, & Son, 2016). Thus, 

the “potency” item may actually reflect problematic use, while using lower potency 

products may reflect a cannabis-related PBS.  

 Further, certain items, such as “use a designated driver” were removed by 

Pedersen et al. (2017) based on modification indices suggesting overdependence with 

another item (i.e., “do not keep marijuana in the car, whether as a driver or passenger”; 

“avoid driving a car after using”). However, using a designated driver was significantly 

related to less CUD endorsement across gender at a magnitude greater than the other 

items. This highlights the larger issue regarding PBS as a construct. Should all potentially 

useful PBS be measured, regardless of item similarity (i.e., a formative model with causal 

indicators)? After all, conceptually, using a designated driver is distinct from keeping 

cannabis in one’s car and may protect from different consequences (e.g., a DUI versus a 

possession charge). However, methodologically, it may be problematic to keep such 

similar items on the same scale.   

 To answer these questions and circumvent the psychometric limitations of 

existing nomothetic approaches, more qualitative studies, including focus groups (e.g., 

Howard et al., 2007; Prince et al., 2019) may be useful. This could shed light on why 

individuals choose which strategies to use and for which purposes (e.g., avoid 

hangovers). Indeed, recent work by Prince et al. (2019) conducted eight focus groups 

with a community sample of cannabis users (N = 54). In addition to common problems, 

(e.g., avoiding health and legal problems), this work found individuals cited use of PBS 
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for problems not typically assessed (e.g., financial concerns, lack of access). Knowing 

which consequences individuals are trying to avoid may be useful when assessing PBS. 

However, because idiographic assessment and qualitative approaches are often not 

feasible, cognitive interviewing (see Willis, 2004) while participants respond to PBS 

items may help improve nomothetic approaches. Alternatively, recent PBS work includes 

assessment of self-generated PBS, which asks individuals to identify up to three 

strategies they used to moderate cannabis consumption in the last two weeks (i.e., the S-

PBSM; Prince et al., 2019).  

 Clinical Implications. In light of the significant limitations of the current 

approach to PBS use measurement, sum scored approaches should not be used in clinical 

studies or treatment, and nomothetic measures should be avoided if possible. Indeed, 

current findings suggest individuals who endorsed severe substance use disorders also 

reported average (and above average, in some cases) levels of PBS use. Conceptually, 

someone who uses several PBS but still experiences significant problems is akin to 

someone who takes multiple medications for a medication-resistant illness. Increasing the 

number of strategies/medications will not be helpful because they will be ineffective. 

Conversely, within the same dataset, some individuals reported high PBS use and very 

little consumption. This is akin to the person in perfect health who takes preventative 

supplements – their efforts may seem effective but may be unnecessary.  

 More work is needed to determine strategy effectiveness, as well as correlates of 

effective strategies among individuals who engage in moderate-to-high consumption but 

experience few-to-no consequences. Going forward, a profile analysis of these subgroups 

may be most beneficial in identifying effective PBS to teach in brief interventions. 
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Further, it may be that a combination of PBS are most effective for certain groups. 

Regardless, the PBS literature was borne out of understanding how people engage in safe, 

moderate alcohol consumption so moderation could be offered as an option for 

individuals with use disorders (rather than abstinence-only). Although much of what we 

know about PBS is based on cross-sectional, self-report data from psychology 

undergraduates (like the current study), focusing on what successful moderation looks 

like (i.e., nonproblematic use) may best inform intervention practices.  

 Clinically, understanding which consequences are best avoided with which 

strategies is a worthy future endeavor. Using this information to provide specific PBS for 

specific outcomes (e.g., avoid binging, avoid DUI) may be more useful than providing a 

list of PBS in intervention (e.g., Kulesza et al., 2010). Further, discussing the problems to 

be avoided during interventions may improve PBS use and reduce risk. For example, 

women in a qualitative study (Howard et al., 2007) specifically stated the importance of 

knowing where your drink is at all times. Presumably, this is to avoid being dosed with a 

date rape drug or more alcohol unknowing. In the current study, 83% of women reported 

always doing this, compared to only 56% of men. However, empirical data suggests only 

2% of drug-facilitated sexual assaults involve covert administration by the perpetrator 

(Beynon, McVeigh, McVeigh, Leavey, & Bellis, 2008). Rather, women have a much 

higher risk of sexual assault when consuming alcohol (Nolen-Hoeksema, 2004). From 

this perspective, if avoiding sexual assault is the desired outcome, women may engage in 

additional forms of PBS, such as moderation-based strategies, or increased selectivity 

about where and with whom they engage in substance use.  
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 Although much more work is needed, these preliminary findings indicated 

significant crossover effects, such that PBS for one substance ameliorated negative 

outcomes of another substance. Once a more nuanced understanding is gained regarding 

how these effects work, this may have significant implications for polysubstance use 

treatment. This may also be effective in treatment when individuals are willing to reduce 

or abstain from one substance but not another (e.g., willing to reduce drinking but not 

smoking). By engaging in alcohol-focused PBS, cannabis consumption and related 

problems may also decrease through indirect mechanisms. If these processes are 

elucidated, it is possible alcohol-focused PBS may also reduce opioid-related 

consumption and consequences.  

 Strengths and Limitations. Findings from the current study should be 

considered in light of its limitations. The most limiting and potentially problematic aspect 

of this study is the cross-sectional, self-report nature of the data. Although this is the most 

common design in the PBS literature, several potential issues are introduced, including 

report bias and inability to determine temporal effects. Although we included multiple 

validity checks and screened out participants who failed (a notable strength of the current 

design), we did not have measures assessing for social desirability (Marlow & Crowne, 

1961). Thus, it is possible our results are biased by individuals who aimed to present 

themselves in an overly desirable manner (e.g., reporting high use of PBS and low 

substance consumption and consequences, irrespective of their behavior).  

 Without cognitive interviewing, it is difficult to know how individuals interpreted 

each item, or how they engage in a specific PBS (e.g., the “eating” example previously 

provided). This may have also introduced bias when reporting on DSM criteria, which is 
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typically assessed via interview. Use of semi-structured interviews (e.g., Structured 

Clinical Interview for DSM-5 [SCID-5]; First, Williams, Karg, & Spitzer, 2015) has 

advantages over self-report, including ability to ask clarifying and follow-up questions, 

such as whether distress and/or impairment is caused. Thus, use of self-report data, 

particularly for substance outcomes, is a notable limitation of the current study.  

 In terms of assessing substance use outcomes and consequences, a strength of the 

current study, is use of multiple alcohol indicators (e.g., number of binges, heaviest 

quantity and frequency) to model problematic consumption as a latent variable. However, 

this also creates issues for contextualizing the findings, which typically use multiple 

single-item indicators of typical quantity and/or frequency. Due to data collection issues, 

cannabis consumption was assessed via past-month frequency only, though assessing 

quantity, method, and type of product (e.g., flower, wax, edibles) would have been more 

informative.  

 Although a strength of this study is being the first to assess PBS use relations to 

substance use disorder criteria (to this author’s knowledge), many criticize the DSM 

approach, noting significant limitations in the criterion counting approach to 

classification of diagnosis and severity (see Lane & Sher, 2018). These limitations are 

also true of PBS assessment. Thus, potential solutions to substance use disorder 

classification (e.g., weighting items, identifying constellations) may also be applicable to 

PBS. Either way, assessing item-level DSM substance use disorder criteria may be more 

useful than the current approach for understanding relations with PBS use.  

 Other limitations include the following: restriction of age to emerging adulthood 

in outcome analyses but not EFA, CFA, or IRT analyses, not assessing for potential 
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differences in the training versus testing data sets for EFAs and CFAs, and lack of 

generalizability beyond college students. Because models were separated by gender, men 

models did not contain 300 or more observations (i.e., n = 254 for alcohol analyses, n = 

179 for cannabis analyses). That said, Monte Carlo analyses were run with very 

conservative estimates; for example, PBSM factor loadings were set to .50, though factor 

loadings ranged from .55-.89. Therefore, CFAs and outcome models were likely 

adequately powered. The greatest concern, in terms of being underpowered, lies in the 

IRT analyses, as some recommend a minimum of 200. Thus, this potential underpowered 

set of analyses remains a limitation.  

 Despite these limitations, this study provided much needed replication 

examinations of important psychometric properties in two PBS measures: the PBSS-20 

and PBSM. These findings indicated simple structure modeling may not be appropriate 

for PBS, though model fit indices were acceptable-to-excellent for established factor 

structures. Using the recommended approach (i.e., multigroup CFA with DIFFTESTS) 

for measurement invariance testing across gender, this psychometric assumption was not 

demonstrated in either measure. This indicates these strategies function differently across 

gender, which is consistent with item-level IRT analyses and item-level relations to 

substance use outcomes. More work using more advanced, within-person designs (e.g., 

ecological momentary assessment) is warranted to understand PBS use.  
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 Appendix A 

Item Content and Abbreviations 

Abbreviation  PBSS-20 Item Content 

DD Use a designated driver 

Numdrinks Determine not to exceed a set number of drinks 

Alternate Alternate alcoholic and nonalcoholic drinks 

Let friend Have a friend let you know when you’ve had enough to drink 

No games Avoid drinking games 

Leave bar Leave the bar/party at a predetermined time 

Go friend Make sure that you go home with a friend 

Know drink Know where your drink has been at all times 

Stop drink Stop drinking at a predetermined time 

Water Drink water while drinking alcohol 

Ice Put extra ice in your drink 

No mix Avoid mixing different types of alcohol 

Drink slow/ 

No gulp 
Drink slowly rather than gulp or chug 

Keep up Avoid trying to keep up or out-drink others 

No ride Refuse to ride in a car with someone who has been drinking 

Trust Only go out with people you know and trust 

No MJ (also 

tested on MOD) 
Avoid combining alcohol with marijuana 

Pregame Avoid “pre-gaming” (i.e., drinking before going out) 

Care 

Make sure you drink with people who can take care of you if 

you drink too much 

Eat Eat before or during drinking 

 

Abbreviation 
(Notes) PBSM Item Content 

Family Avoid using while spending time with family 

School Avoid using marijuana before work or school 

Cope Avoid using marijuana to cope with emotion 

MJ DD 
Use a designated driver (i.e. someone who has not used) after 

using marijuana 

No car Do not keep marijuana in the car, whether as driver or 
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passenger 

No event 
Avoid bringing marijuana into events or venues where you 

are likely to be searched 

Weekend Limit use to weekends 

No drive Avoid driving a car after using 

Habit 
Avoid using marijuana habitually (that is, every day or 

multiple times a week) 

Early day Avoid using marijuana early in the day 

Costs 
Keep track of your costs to get an accurate picture of how 

much you spend on marijuana 

Eval 

Avoid using marijuana for several days in advance of a big 

test, interview, performance, or other engagement for which 

you need to be crisp and are being evaluated 

Pace 
Use a little and then wait to see how you feel before using 

more 

No buy Avoid buying marijuana 

No px 

Avoid using marijuana if currently taking any kind of 

prescription drug that might intensify the effects (e.g., make 

you feel more tired) 

No mix drug Avoid mixing marijuana with other drugs 

Night Only use at night (that is, not during the day) 

Anxious Stop using marijuana if you become anxious or paranoid 

Public Avoid using marijuana in public places 

Breaks 
Take periodic breaks if it feels like you are using marijuana 

too frequently 

Buy less Buy less marijuana at a time so you smoke less 

Excuse 

Excuse yourself from the room if people are smoking 

marijuana and you feel uncomfortable or do not wish to be 

offered marijuana 

Pressure 
Avoid situations that you anticipate being pressured to use 

marijuana 

Legal 

Avoid possibilities of legal repercussions (e.g., smoke in a 

safe place like home, avoid having marijuana with you where 

you might get searched, etc.) 

Motivation Take a break from using if feeling a loss of motivation 

Important 
Only use when you know you have nothing important to do 

for the rest of the day/night 

Pace hit 
Having a set amount of “times” you take a hit (e.g., passing 

on a shared joint if you have already hit that limit) 

Boredom Avoid using marijuana out of boredom 

Methods 

Avoid methods of using marijuana that can make you more 

intoxicated than you would like (e.g., using large bongs, 

volcano, “edibles,” etc.) 

Private prop Only use marijuana on private property 

Pass share Pass on shared joints, bongs, etc. if already feeling high 
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Once Only use one time during a day/night 

Crowds Avoid using marijuana in large gatherings or crowds 

Limit sit Limit the amount of marijuana you smoke in one sitting 

Avoid anx 
Avoid using when feeling anxious (e.g., using to calm you 

down or stop worrying) 

Concen 

Avoid using marijuana in concentrated forms (e.g., hashish, 

hashish/honey oil, kief, marijuana butter/oil, etc.) to avoid 

getting too high 

Dec tol 
To decrease tolerance, take a break for a week or two, or take 

longer breaks than usual between use 

Buzz 
Use enough only to achieve a slight buzz or to avoid getting 

“too high” 

No hike 
Avoid using marijuana before engaging in physical activity 

(i.e., exercise, hiking) 

Mixing Avoid mixing marijuana with alcohol 

Purchase Only purchase marijuana from a trusted source 

Use own 
Use your own marijuana (if alone or sharing with friends) so 

you know what you are using. 

Trusted Use marijuana only among trusted peers 

Vaporizer 
(dropped d/t low λ) 

Use a vaporizer or other smokeless method to avoid 

carcinogens 

Dec before 
If attending a party or going out to a social event (e.g., bar), 

decide in advance whether you want to use marijuana or not 

Event only 
(dropped d/t low λ) 

Only use before special events (e.g., moves, converts) or on 

special occasions 

Eye drops 
(dropped d/t low λ) Use eye drops so other do not known you have used 

Resp 
(dropped d/t low λ) 

Only use marijuana after completing all of the day’s 

responsibilities. 

Home  
(dropped d/t low λ) Use only at home 

Potency 
(dropped d/t low λ) 

Use higher potency marijuana so you can take less hits and 

avoid lung damage 
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 Appendix B 

Item Response Theory Analyses Plots 

Serious Harm Reduction Characteristic Response Curves and Item Information 

 

 
Note. Women in left column, men in right 
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Stopping/Limiting Drinking Characteristic Response Curves and Item Information

 

 

 
 
Note. Women in left column, men in right 
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Manner of Drinking Characteristic Response Curves and Item Information

 
 
Note. Women in left column, men in right 
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Total Information Curves for PBS Subscales 

Serious Harm Reduction 

 

 

 

Stopping/Limiting Drinking 

 

 
 

 

Manner of Drinking 

 

 
Note. Women in left column, men in right 
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PBSM Characteristic Response Curves and Item Information 

 

 
 
Note. Women in left column, men in right 
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Note. Women in left column, men in right 
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Total Information Curve for 44-Item PBSM 

 

 
Note. Women in left column, men in right 
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Appendix C  

Boxplots for PBS Means by DSM-5 Severity 

Total SHR Use across AUD Status for Women 

 

Total SHR Use across AUD Status for Men 
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Total SLD Use across AUD Status for Women 

 

Total SLD Use across AUD Status for Men 
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Total MOD Use across AUD Status for Women 

 

 

Total MOD Use across AUD Status for Men 
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Total PBSM Use across CUD Status for Women 

 

Total PBSM Use across CUD Status for Men 
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Appendix D  

Extended Literature Review and Historical Foundations 

Definitions 

 

Broadly, protective behavioral strategies (PBS) are a form of health-related 

protective behaviors implemented to promote positive health outcomes and/or reduce 

negative outcomes. Although this paper will focus exclusively on alcohol- and cannabis-

related PBS (see Pearson, 2013; Pedersen et al., 2016), implementation and use of PBS 

have been investigated for a number of outcomes, such as sex-related behaviors, 

including condom use (Lewis, Kaysen, Rees, & Woods, 2010), human immunodeficiency 

virus prevention (Saul et al., 2000), and sexual assault prevention (e.g., Breitenbecher, 

2008; Gilmore et al., 2016).  

Alcohol-related PBS have been referred to using various terms, including alcohol 

reduction strategies (Bonar et al., 2011), controlled drinking (Alden, 1988), and drinking 

restraint strategies (Sher et al., 2004; Southwick & Steele, 1987), and are generally 

defined as behaviors implemented in an effort to moderate alcohol consumption and/or 

reduce alcohol-related consequences (though definitions vary). To this author’s 

knowledge, only the terms marijuana protective behavioral strategies (e.g., Pedersen et 

al., 2016) and cannabis-related protective behavioral strategies (Caffrey, Wright, & 

Maarhuis, 2018) have been used in the literature, with the accompanying definition, 

“protective strategies that marijuana users employ before, during, after, or instead of 

using marijuana to limit heavy use and minimize potential negative consequences” 

(Pedersen et al., 2016, p. 442).  

The most encompassing definitions of PBS include behaviors engaged in before, 

during, and after substance use, as well as alternative behaviors which promote 
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abstinence (Miller & Muñoz, 2013; Sugarman & Carey, 2007). When including 

abstinence as a form of PBS, alcohol avoidance strategies (Howard, Griffin, & Boekeloo, 

2008) and drink refusal skills (Scheier, Botvin, Griffin, & Diaz, 1999) are relevant for 

alcohol consumption moderation. This broad definition of PBS is consistent with the 

harm reduction intervention approach, which promotes treatment goal setting by the 

individual, and may include moderate consumption (see Marlatt, Larimer, Baer, & 

Quigley, 1993; Marlatt & Witkiewitz, 2002). More narrow definitions of PBS include 

only behaviors that “individuals can engage in while drinking alcohol [or use substances] 

in order to limit negative alcohol-related consequences” (Martens et al., 2004, p. 390). 

This constricted definition of PBS may be more relevant to college students, who may 

not be interested in engaging in selective or complete abstinence; on the other hand, 

selective avoidance may be an important tool used by students (Sugarman & Carey, 

2007). Definitional variants notwithstanding, several theoretical frameworks may help 

explain PBS use.    

Assessment of PBS 

 

Eight families of alcohol-related protective strategy questionnaires were 

identified: (1) Self-Control Questionnaire (Werch & Gorman, 1986), (2) National 

College Health Assessment items (e.g., American College Health Association, 2016; 

Haines, Barker, & Rice, 2006; Martens et al., 2004), (3) Campus Alcohol Survey items 

(Benton et al., 2004), (4) Protective Strategies Questionnaire (DeMartini et al., 2013; 

Palmer, 2004), (5) Protective Behavioral Strategies Survey (Martens et al., 2005), (6) 

Strategy Questionnaire (Sugarman & Carey, 2007), (7) Protective Behavioral 

Strategies Measure (Griffin, 2008; Novik & Boekeloo, 2011), and (8) Women’s Peer-
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Directed Protective Strategy (Armstrong, Watling, & Buckley, 2014). Additionally, 

several modifications of existing scales (e.g., Madson et al., 2013; Treloar et al., 2015), 

investigator-developed measures (e.g., Borden et al., 2011; Luebbe, Varvel, & Dude, 

2009; Toumbourou et al., 2004), and a qualitative assessment (Howard, Griffin, 

Boekeloo, Lake, & Bellows, 2007) exist. Regarding cannabis PBS assessment, only one 

scale (i.e., Protective Behavioral Strategies for Marijuana; Pedersen et al., 2016) and 

its modifications (Pedersen et al., 2017) were identified. In an effort to demonstrate the 

evolution of PBS assessment (e.g., item and subscale development), brief summaries of 

several PBS measures are provided in chronological order. Psychometric properties of 

more commonly used PBS measures are provided in Table 1.   

Alcohol-Related PBS Assessments 

Protective Strategies Questionnaire. Palmer (2004) created a 16-item self-report 

measure of protective strategies used among students in a brief alcohol intervention. 

Items aimed to assess behaviors which students engage in “before they drink or while 

they are drinking;” thus, the questionnaire items are prefaced with “When I am drinking, 

I…” (DeMartini et al., 2013, p. 5). This is a somewhat broader conceptualization of PBS 

in that it includes strategies engaged in prior to drinking (e.g., planning) but does not 

assess selective abstinence. The factor structure of this measure was then tested by 

DeMartini et al. (2013) in college and clinical samples (i.e., Naltrexone randomized 

control trial participants). Results from a PCA yielded a two-component solution, which 

demonstrated very good-to-good fit in the college sample and adequate-to-good fit in the 

clinical sample when assessed via CFA. The two emerging factors were labeled Direct 

and Indirect Strategies. The six items assessing Direct Strategies involve pacing and 
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keeping track of consumption, whereas the ten items assessing Indirect Strategies include 

strategies to minimize alcohol-related consequences (e.g., “use protection with a sexual 

partner,” “pre-plan transportation to get home”). The PSQ is the first PBS measure with 

established measurement invariance across gender (DeMartini et al., 2013), though the 

Likert-like (i.e., categorical) indicators were modeled as continuous.   

Protective Behavioral Strategies Scale. The PBSS is a 15-item self-report 

measure which aims to assess “the ways in which individuals protect themselves from 

heavy alcohol consumption and resulting negative consequences” by indicating how 

often individuals use the provided strategies while drinking or “partying” (Martens et al., 

2005, p. 702). Thus, the PBSS adheres to the most restrictive definition of PBS and does 

not include potential protective behaviors engaged in prior to the drinking episode or 

abstinence-based alternatives. An exploratory factor analysis rendered a three-factor 

solution: Limiting/ Stopping Drinking, Manner of Drinking, and Serious Harm 

Reduction. Although this factor structure has been confirmed in some college samples 

(e.g., Martens et al., 2005; Martens et al., 2007), a CFA by Cadigan et al., (2015) 

indicated less-than-acceptable fit for the three-factor solution in a sample of veterans. 

Additionally, analyses by Walters et al. (2009) suggested a four-factor solution to be a 

better fit for college males (i.e., SLD split into Mixing Nonalcoholic Drinks and Planned 

Limits on Drinking), though these findings are limited by small sample size and lack of 

confirmatory factor analyses. However, others have improved fit of the three-factor 

solution by dropping “stop drinking at a predetermined time,” (e.g., Pearson et al., 2012) 

or correlating disturbance terms between this item and “leave the bar/party at a 

predetermined time” (e.g., Martens et al., 2007; Cadigan et al., 2015). The questionable 
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internal consistency of the SHR subscale (i.e., α = .63; see Table 1) may be due to the 

number of items (i.e., three).  

Other researchers have used PBSS items in conjunction with other items (e.g., 

DeMartini, Carey, Lao, & Luciano, 2011; Lewis et al., 2010; Ray et al., 2009), and others 

have added a time frame (e.g., last three months; Lewis et al., 2010). However, 

psychometric work by Treloar et al. (2014) indicated that the PBSS is not invariant across 

gender and therefore inappropriate for examining potential PBS-related gender 

differences. Nevertheless, the PBSS represents an improvement over past measures (e.g., 

NCHA items), has been translated for use in other countries (e.g., Republic of Korea; 

Kim & Park, 2015), and, to date, is the most frequently used measure in PBS research 

(Prince et al., 2013; Treloar et al., 2015). 

Protective Behavioral Strategies Scale-Revised. In an effort to improve the 

SHR subscale of the 15-item PBSS, Madson et al. (2013) used a CFA to test three 

additional items selected by experts based on the Martens et al. (2005) definition of SHR 

(i.e., “avoid getting in a car with someone who has been drinking,” “avoid mixing alcohol 

with prescription drugs whether prescribed for you or not,” and “always know what you 

are drinking” (Madson et al., 2013, p. 558). “Drink shots of liquor,” the only reverse-

coded item on the PBSS, was removed. Although the original three-factor model 

demonstrated good fit, Madson et al. (2013) retained the two-factor model in which 

MOD/SLD were combined into one subscale due to the high correlation between MOD 

and SLD (i.e., r = .91), which was labeled Controlled Consumption (CC). Measurement 

invariance was demonstrated across White, non-Hispanic and Black college students, as 

well as across males and females.  
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PBSS-20. The PBSS-20 is a modification of the original PBSS scale. Changes 

include the addition of five items to the SHR subscale, (i.e., “refuse to ride in a car with 

someone who has been drinking,” “only go out with people you know and trust,” “avoid 

combining alcohol with marijuana,” “make sure you drink with people who can take care 

of you if you drink too much,” and “eat before or during drinking” (Treloar et al., 2015, 

p. 342). Additionally, this modification replaced the MOD item “drink shots of liquor” 

with “avoid “pre-gaming” (i.e., drinking before going out). In addition to improving the 

psychometric properties of the MOD and SHR subscales of the PBSS, the PBSS-20 also 

broadens the definition of PBS by including eating before drinking, which was previously 

limited to behaviors during a drinking episode. The PBSS-20 is configurally invariant 

across gender, though scalar invariance was not demonstrated (i.e., two SHR items were 

gender variant; Treloar et al., 2015). 

Strategy Questionnaire. The 21-item Strategy Questionnaire (SQ) aims to 

provide a comprehensive list of PBS relevant to college students (Sugarman & Carey, 

2007). Twenty-two items were derived from the external factor subscale of the original 

SCQ and skill-based intervention research (i.e., Dimeff, Baer, Kivlahan, & Marlatt, 1999; 

Kivlahan, Marlatt, Fromme, Coppel, & Williams, 1990; Miller & Muñoz, 2005). Pilot 

testing was used to test the 22 items and generate new strategy items used by college 

students, which resulted in the following: (1) Chose not to “pre-game” or “pre-bar” (i.e. 

drinking before going out), (2) Limit amount of alcohol at home, (3) Offer to be the 

designated driver to limit drinking, (4) Engage in activities while I am drinking to space 

out drinks (e.g. dancing, playing pool or darts), and (5) Limit drinking to certain days of 

the week (Sugarman & Carey, 2007, p. 4). A PCA on the final 21 items indicated a three-
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component solution: (1) Selective Avoidance of Heavy Drinking Activities/Situations, (2) 

Strategies Used While Drinking, and (3) Alternatives to Drinking. Thus, the SQ measures 

behaviors used while drinking, as well as selective abstinence, which is consistent with 

the most encompassing definition of PBS. However, the Selective Avoidance subscale 

requires a square-root transformation, and the proposed subscales did not exhibit good fit 

in a CFA on an independent sample of college students (Pearson et al., 2012).  

Protective Behavioral Strategies Measure. Items for the PBSM were generated 

from previous PBS measures (i.e., the NCHA and CAS items), as well as responses from 

a qualitative study by Howard et al., (2007), in an effort to create a comprehensive list of 

PBS items (Novik & Boekeloo, 2011). The final 17 items yielded a two-component 

solution: Limits and Avoidance. The Limits subscale consists of nine items involving 

planning and tracking of alcohol consumption. The Avoidance subscale contains items 

that assess both abstinence strategies and selective avoidance while drinking (e.g., 

pacing, alternating with non-alcoholic drinks). Coefficients of non-determination (i.e., the 

amount of variance not accounted for, used to assess gender and racial differences) 

indicated good model fit among males and females, as well as white and non-whites. 

However, a later CFA by Pearson et al. (2012) exhibited poor fit of this two-factor 

solution. In addition to low factor loadings (i.e., as low as .37), examinations of 

configural and scalar invariance are more appropriate analyses for assessing measurement 

invariance. Finally, because students were asked to report when they engaged in certain 

behaviors when socializing with others, items such as “hang out with trusted friends” 

may be unrelated to alcohol consumption.        
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Women’s Peer-Directed Protective Strategy Scale. Although some assessments 

of self-employed PBS use contain items which assess reliance on a friend (e.g., NCHA 

items, SHR item of the PBSS-20), the 19-item WPPD scale is the first assessment to 

target women’s strategies for keeping friends safe while consuming alcohol (Armstrong 

et al., 2014). Items were chosen based on previous quantitative and qualitative research of 

women’s PBS (Armstrong et al., 2014), as well as two-way social support (e.g., 

Shakespeare-Finch & Obst, 2011). Individuals were asked to “think of up to five of their 

closest female friends whom they would usually consume alcohol with and indicate the 

degree to which each item was true for them” (Armstrong et al., 2014, p. 1002). Results 

of a PCA indicated a two-component solution: Peer-directed Harm Minimisation (PHM; 

e.g., “I check that my friends have a safe way to return home”), and Peer-directed 

Intoxication Avoidance (PIA; e.g., “I try to be an example to my friends and limit my 

drinking”). Despite potential clinical utility in assessing peer-targeted PBS, this 

questionnaire asks about perceived behaviors of the respondent’s five closest friends 

(rather than the respondent’s behaviors), which may not be accurate. There may also be 

substantial differences in the behaviors of different close friends. Moreover, two items 

are nearly identical (i.e., “I encourage my friends to engage in social activities that don't 

involve drinking alcohol,” and “I encourage my friends to engage in social activities that 

don't involve drinking alcohol to intoxication”), and some items do not assess drinking-

related behaviors (e.g., “I watch out for my friends in an attempt to keep them away from 

confronting, hostile or verbally abusive situations”). Further, items like “I quietly hope 

my friends will reduce their drinking” do not assess behaviors and therefore cannot assess 
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protective behavioral strategy use. Confirmatory analyses are necessary and may help 

resolve some of these issues with the WPPD. 

Investigator-Developed Measures. Several researchers create a PBS scale for 

the purposes of a specific research project or clinical intervention. For example, Luebbe 

et al., (2009) assessed PBS with six items (i.e., limiting and harm reduction strategies). 

Summed scores demonstrated questionable-to-adequate internal consistency (α = .64 and 

.76 at baseline and four months later, respectively). Sher et al. (2004) used seven items on 

a five-point Likert-type scale (i.e., [0] Never to [4] Always) to assess drinking restraint 

strategies and limiting intake (α = .83) when assessing dynamic predictors of alcohol use. 

Borden et al. (2011) used the summed score of seven items (e.g., limiting, tracking, and 

harm reduction strategies) with response options ranging from (1) Never to (5) Always to 

assess PBS, and results of a CFA indicated a single construct with acceptable internal 

consistency (α = .74). Toumbourou et al. (2004) used six items related to limiting and 

manner of drinking, which formed a single construct and demonstrated acceptable 

internal consistency (α = .77). Nguyen, Walters, Wyatt, and DeJong (2011) assessed PBS 

using 26 items, though removed 14 items and derived the following subscales based on 

an EFA: Limiting Drinking (similar to SLD (α = .82), Avoid Drinking and Driving (α = 

.80), and Intent to Get Drunk (e.g., do shots, chug alcohol; reverse-scored; α = .70). Thus, 

several investigator measures have some evidence supporting psychometric soundness, 

though varying operationalizations make generalizations about PBS use and its correlates 

difficult to extrapolate.     

Qualitative Assessment. The only qualitative study found aimed to capitalize 

upon naturalistic PBS use among college students and consisted of 47 undergraduates 
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who comprised eight focus groups (Howard et al., 2007). Data dictionaries were 

compiled based on the Information-Motivation-Behavioral Skills (IMB) Model. Focus 

groups were asked the following questions: 1) “What do students do to stay safe when 

they are going to drink alcohol?” and 2) “What would you do if you knew your hallmates 

or best friend had too much to drink?” Regarding question one, respondents’ responses 

included planning to stay with a group of friends which included at least one sober 

person. This sober person is expected to assume multiple responsibilities, including 

driving, taking care of those who get sick, helping friends use PBS, and preventing 

negative consequences. Moreover, both males and females agreed that going out in coed 

groups was a protective strategy for women. Notably, women indicated that “lack of 

planning… could lead to dangerous situations” (Howard et al., 2007, p. 4), which may 

help explain why women are more likely to use PBS. Further, women showed concerns 

about drink content whereas males did not. Interestingly, women reported only engaging 

in pre-gaming to remain in control of their drink contents. They also endorsed providing 

non-alcoholic beverages (including water) to friends. Males only endorsed avoidance of 

hard liquor. For the second question, students reported preventing further drinking, 

ensuring safety, providing food/water, monitoring, and indicators of intoxication of 

which to be aware. Students identified several refusal skills commonly used, including 

saying no, lying about previous drinking, and taking a “rain check.” Students also 

reported accepting drinks but not consuming them (Howard et al., 2007). Thus, this 

qualitative study shed much light on naturalistic PBS use among college students. 

Despite these efforts to better understand and assess PBS use, several issues remain.  

Cannabis-Related PBS Assessments  
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 Protective Behavioral Strategies for Marijuana Scale. The Protective 

Behavioral Strategies for Marijuana Scale (PBSM) was created to “assess the strategies 

that young adults use prior to, during, after, and instead of using marijuana” (Pedersen et 

al., 2016, p. 442). Initially, 73 strategies were generated and narrowed to 50 items by a 

group of experts, which were then examined via PCA. Results of the initial PCA 

indicated a 12-factor solution, though 3-5 factor solutions were also plausible. After more 

items were removed, leaving 39 items, only one factor was retained due to difficulties in 

interpretation and lack of simple structure (Pedersen et al., 2016). Later, the PBSM was 

psychometrically examined using exploratory and confirmatory factor analyses on the 

original 50 items (Pedersen et al., 2017). Although a five-factor solution emerged, the 

one-factor model was retained, using 36 items. After problematic items were removed, 

graded response models were then used to examine item information (Pedersen et al., 

2017). 

 Protective Behavioral Strategies for Marijuana Scale-Short Form. From the 

IRT analyses of the PBSM, items were considered for the PBSM short form. Differential 

item functioning was then tested across multiple constructs: “gender (men versus 

women), race (White or not), ethnicity (Hispanic or not), and legal status of use 

(recreational use legal in the participant’s state for users at least 21 years old or not)” 

(Pedersen et al., 2017, p. 552). This yielded the17-item short form of the PBSM. 

Methodological Studies and Remaining Issues in Assessment of PBS  

In an effort to refine PBS assessment, Pearson et al. (2012) compared the factor 

structures and concurrent validity of three multidimensional PBS measures commonly 

used in a sample of college students: the PBSS, PBSM, and the SQ. Results of a CFA 
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indicated that only the PBSS demonstrated acceptable model fit when tested with the 

subscales labeled by the scale developers. Although all three measures demonstrated 

concurrent validity with regard to alcohol consumption, only the PBSS accounted for a 

significant amount of unique variance in alcohol-related problems as measured by two 

assessments (i.e., the RAPI and B-YAACQ). Further, when assessing the impact of 

response options on PBS measures, Kite, Pearson, and Henson (2013) found that the SQ 

subscale Strategies Used While Drinking was positively associated with alcohol 

consumption and no subscale was predictive of alcohol-related problems. Kite et al., 

(2013) then demonstrated that a contingent frequency response scale (as used by the 

PBSS) does not conflate use with consumption in the manner that absolute frequency 

response scales do (as used by the SQ). When an absolute frequency response scale was 

used with the PBSS, associations became nonsignificant and/or positively associated with 

use and related problems (Kite et al., 2013), and modifying the SQ with a contingent 

frequency yielded stronger associations with alcohol outcomes (Kite et al., 2013).   

A recent methodological review by Prince et al. (2013) identified the major issues 

with the current state of PBS research, including varied scopes of definition and 

assessment of PBS, inadequate support for psychometric validation (e.g., use of PCA 

only, “rationally derived”), use of summed scores and reporting overall internal 

consistency estimates, equivocal findings regarding factor solutions, and nomological 

network issues (i.e., relation between PBS use alcohol-related outcomes). Although work 

has begun to address some of these issues (e.g., conducting CFAs on existing measures; 

Pearson et al., 2012), many of the issues raised by Prince et al. (2013) remain 
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problematic. Other remaining issues, including lack of testing of longitudinal 

measurement invariance, have yet to be raised in the literature. 

Regarding the definition of PBS use, many measures only assess behaviors 

engaged in while drinking, though many PBS aimed at moderating consumption and 

reducing related consequences may occur prior to drinking (e.g., eating prior to 

consumption). Although abstinence or alternatives to drinking are often not included, 

these strategies may be utilized by moderate drinkers within a given drinking episode 

(e.g., drinking a look-alike after reaching a self-identified limit). It is also possible that 

abstinence is used in an effort to decrease frequency of use (e.g., Selective Avoidance), 

which is an important strategy to assess. Finally, both preparatory and restorative 

strategies (e.g., drinking water, eating; Prince et al., 2013) are important in reducing 

alcohol-related consequences (e.g., hangovers).  

Currently, there are only three measures which have evidence supporting 

psychometric validity, gender measurement invariance, and concurrent validity: the 

PBSS-R, PBSS-20, and Modified PSQ. Further, many commonly used items sets have 

only been examined with a PCA (e.g., the NCHA and CAS items). It is also possible that 

other measures may be psychometrically sound and useful in assessing PBS but have not 

been adequately tested (e.g., modified SCQ).  

 Adopting the lumping approach to PBS use appears to be a common and 

potentially problematic trend in the PBS literature. For example, when modifying PSQ, 

which has two identified subscales (i.e., Direct and Indirect Strategies), only the total 

internal consistency was reported, despite that these have differential relations with 

consumption and consequences (DeMartini et al., 2013). Additionally, using a summed 
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total score is typical when NCHA and CAS items are used in research (e.g., Araas & 

Adams, 2008; Benton, Downey, Glider, & Benton, 2008; Martens et al., 2004), despite 

evidence from PCAs that both sets of items yield a two-component solution (Benton et 

al., 2004; Haines et al., 2006). This practice is problematic, as it artificially inflates 

Cronbach’s alpha due to greater number of items and may be confounding results. 

However, lumping approaches may also help explain some of the discrepancies within 

the literature, such as inconsistent relations between PBS use and alcohol consumption 

(e.g., Martens et al. 2007; c.f., Luebbe et al., 2009). Given this issue, it is unclear why a 

one-factor solution was retained for the PBSM.  

 In addition to issues with using overall summed scores, factor structures are not 

consistently identified. For example, though the PBSS three-factor structure has 

demonstrated acceptable fit with some modification (e.g., Martens et al., 2007; Pearson et 

al., 2012), this structure has not fit the data in other samples (Cadigan et al., 2015), and 

others have found that factor structure differs as a function of gender (e.g., Walters et al., 

2007). As mentioned, an easily-rectifiable issue is the lack of CFAs to verify factor 

structures for several measures. 

 One critical issue with PBS measures is that many scales or subscales do not 

consistently relate to alcohol-related outcomes in the hypothesized direction or 

magnitude. For example, though all three factors of the PBSS have been negatively 

associated with alcohol consumption and alcohol-related consequences (Martens et al., 

2007), the SLD subscale has been found to be unrelated to reduced consumption or 

related problems over time (Martens, Martin, Littlefield, Murphy, & Cimini, 2011). 

Further, some subscales are positively associated with alcohol-related outcomes (e.g., SQ 
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Strategies Used While Drinking subscale and alcohol consumption; Pearson et al., 2012; 

Sugarman & Carey, 2007); however, Kite et al. (2013) demonstrated that this positive 

association may be due to the use of absolute frequency response options, as opposed to 

contingent frequency responses.  

The time frame assessed for PBS use ranges from no period provided (e.g., 

Martens et al., 2005), to past two weeks (Sugarman & Carey, 2007), to past three months 

(Lewis et al., 2010), to past 6 months (Werch, 1990), to past year/school year (Borden et 

al., 2011; Haines et al., 2006; Martens et al., 2004; Toumbourou et al., 2004), depending 

on the measure in question. Although previous research indicates that individuals are 

generally accurate in self-reporting alcohol-related behaviors within a specific window of 

time (e.g., timeline follow-back assessments; see Sobell & Sobell, 1992), there is a lack 

of empirical evidence suggesting incremental predictive validity through use of a time 

frame. Pearson et al. (2012) used a 30-day window for assessing PBS with the SQ and 

PBSS and found that extending the window on the SQ from two weeks to 30 days 

strengthened specific associations between subscales and alcohol-related problems, 

whereas for the PBSS, use of an assessment window nonsignificantly reduced the 

magnitude of the relation between PBSS subscales and alcohol-related consequences.  

 Although longitudinal research assessing within-person changes in PBS and 

alcohol-related outcomes is an improvement over cross-sectional analyses (e.g., Martens 

et al., 2011; Pearson, D’Lima, & Kelley, 2013), no measure of PBS has been subjected to 

longitudinal measurement invariance testing. In fact, few measures have been tested for 

any measurement invariance using well-established methods (i.e., PBSS, PBSS-R, PBSS-

20, and Modified PSQ), and these have been restricted to gender (Treloar et al., 2014; 
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Treloar et al., 2015) and race (e.g., White non-Hispanic and Black; Madson & Zeigler-

Hill, 2013). Thus, despite significant improvements in measurement of PBS use, much 

work remains necessary to establish a gold-standard measure.  

Another limitation in the PBS use literature, more broadly, is the lack of theory 

(c.f., Scaglione et al., 2015). Indeed, although several theories may explain use of PBS, 

few studies have attempted to provide evidence supporting or refuting these theories. 

Next, several theories relevant to PBS use are reviewed. Although it is beyond the scope 

of this work to test theories of PBS use, more precise assessment of PBS (i.e., the goal of 

the current research) may help inform future theoretically-driven PBS research 

endeavors.  

Key Theories Related to Use of PBS   

Dual-Process Model. The dual-process model posits that two mental systems 

control decision-making and subsequent behavior: the hot, “impulsive” system (i.e., 

system one, linked to bottom-up processing), and the cool, “reflective” system (i.e., 

system two, responsible for top-down processing; see Hofmann, Friese, & Strack, 2009; 

Stanovich & West, 2000; Strack & Deutsch, 2004). System one influences, including 

alcohol-related expectancies and impulsive dispositions, such as sensation seeking, 

predict alcohol use (e.g., Corbin et al., 2015), whereas system two appears to be directly 

related to PBS use as a form of self-control. Indeed, the notion that individuals can 

modify alcohol consumption through self-control techniques (e.g., Merbaum & 

Rosenbaum, 1980) replaced the previously held idea that those with alcohol use problems 

suffered from “loss of control” (see Jellinek, 1960). However, alcohol consumption does 

impair reflective system abilities (e.g., reduced self-awareness, self-monitoring, and self-
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regulation; Baumeister, Heatherton, & Tice, 1994; Hull, 1981), thereby increasing 

potential indirect influences of the impulsive system on behavior (via impulsive-like 

traits, expectancies, and positive attitudes about drinking, for example) and reducing the 

probability of PBS use. This suggests that planning to use PBS prior to intoxication (e.g., 

limiting cash, finding a designated driver) may be beneficial since alcohol reduces self-

regulation abilities. Given that both systems can influence PBS use, theories of self-

regulation, behavioral learning, and social cognition may help to describe, explain, 

predict, and, ultimately, increase use of PBS among college students.  

Problem-Behavior Theory. Another theory relevant to PBS use is problem-

behavior theory (PBT; Jessor & Jessor, 1977). Originally developed to account for 

problematic and hazardous adolescent behavior, PBT has been extended to multiple 

alcohol-related behaviors, including driving while intoxicated (Jessor, 1987) and 

problematic consumption among college students (Jessor, Costa, Krueger, & Turbin, 

2006). PBT maintains that problematic alcohol use is a function of psychosocial forces, 

namely personality, perception of environment, and behavior (Jessor & Jessor, 1977). 

According to this theory, variables within these constructs, which can instigate or control 

problem behaviors, produce the state of “problem behavior proneness” (Jessor, 1987, p. 

2). Use of PBS is considered a protective factor within the behavioral system. Protective 

factors, such as PBS use, are thought to “not only decrease the likelihood of problem 

behavior involvement, but also to moderate (decrease) the impact of exposure to risk 

factors” (Jessor et al., 2006, p. 86). PBT has informed the development of PBS measures 

(i.e., Sugarman & Carey, 2007) and may help predict naturalistic PBS use, as well as 

which individuals are more likely to benefit from increased PBS use.  
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Behavioral Choice Theory. Behavioral choice theories, or behavioral economics, 

seek to explain how individuals select specific reinforcers, with emphasis on specific 

contextual factors, such as reinforcer availability and alternatives (Bickel, Madden, & 

Petry, 1998). Using this framework, alcohol-related choices are impacted by direct 

constraints on access (e.g., setting limits), and constraints on alternative reinforcers (e.g., 

engaging in pleasurable activities while sober). Not only can this theory help explain why 

excessive alcohol consumption (and non-use of PBS) is more likely to occur in specific 

contexts (e.g., college football games; Neal & Fromme, 2007), it can also help to inform 

intervention. For example, interventions can reduce consumption and related 

consequences by increasing the value of alternative reinforcers, (e.g., promotion of 

alcohol-free college activities in intervention, such as the Substance-Free Activity 

Session; see Murphy et al. 2012). Indeed, previous research indicates that alcohol-

dependent individuals will reduce consumption if reinforced (e.g., monetarily) for 

abstinence or moderated consumption (i.e., contingency management; see Petry, 2000). 

However, recent research indicates that behavioral change is more likely via self-

determined motivation, rather than externally motivated behavior (Ryan & Deci, 2000b). 

Thus, problem recognition may not be sufficient to yield behavioral change without 

motivation.  

Self-Determination Theory. Self-determination theory (SDT), a macrotheory of 

motivation, postulates that degree of autonomy, competence, and relatedness foster 

autonomous motivation (see Ryan & Deci, 2000a), which has been linked to long-term 

health-related behavior changes (Deci & Ryan, 2008). Because motivation for change is 

the target of commonly used techniques like motivational interviewing and motivational 
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enhancement therapy in brief alcohol interventions (see Larimer & Cronce, 2007), SDT 

may serve to improve these methods; in fact, Vansteenkiste and Sheldon (2006) noted 

that SDT and MI approaches can be “fruitfully married” (p. 63), and the SDT emphasis 

on autonomy is consistent with the underlying beliefs of the harm reduction approach 

(the foundational PBS framework).  

Information-Motivation-Behavioral Skills (IMB) Model. Originally 

conceptualized to help describe the process of risky health-related behavioral changes in 

the context of AIDS prevention, the Information-Motivation-Behavioral Skills Model 

posits that information relevant to harm reduction, motivation (which involves attitudes, 

social norms, and perceptions of vulnerability), and behavioral skills (as well as self-

efficacy in completing these skills) are essential for risk-related behavioral changes 

(Fisher et al., 1996). This theoretical framework was used in the only qualitative study on 

PBS use among college students (Howard et al., 2007). Similar frameworks include the 

Health Belief Model, which posits that health-related behaviors are influenced by 

perceptions of susceptibility, severity, benefits, and barriers (Janz & Becker, 1984), and 

served as the theoretical basis for early PBS work (e.g., Werch, 1990). PBS use is a 

behavioral skill which fits within an IMB Model framework, and theory-consistent PBS-

based interventions could highlight the benefits of PBS and reduce barriers to use (e.g., 

positive alcohol expectancies).  

Social Cognitive Theories. Social cognitive theory, broadly, proposes that 

personality and behavioral patterns are the products of reciprocal interactions between 

cognitive, behavioral, and environmental influences (see Bandura, 1986, 1999). 

Sociocognitive factors influencing alcohol-related behaviors span individual differences 
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(e.g., alcohol-related expectancies; Stacy, Widaman & Marlatt, 1990), group membership 

(e.g., religious and Greek affiliations; Bodford & Hussong, 2013; Borsari, Hustad, & 

Capone, 2009), and macroenvironmental factors (e.g., public policy, taxes; Connors & 

Tarbox, 2013). More focused social cognitive theories relevant to alcohol and PBS use 

include the theory of planned behavior (Azjen, 1991), the prototype willingness model 

(Gerrard, Gibbons, Houlihan, Stock, & Pomery, 2008), and deviance regulation theory 

(Blanton & Christie, 2003).  

The theory of planned behavior states that behavior is a function of intentions, 

which are driven by intention, attitude, subjective norms, and perceived behavioral 

control (Azjen, 1991), and the prototype willingness model adds a mediating pathway of 

behavioral willingness and intentions (Gerrard et al., 2008). Several sociocognitive 

influences on PBS use have been examined in the literature, such as alcohol expectancies 

(Madson et al., 2013), intentions (Nguyen et al., 2011), drinking motives (Patrick, Lee, & 

Larimer, 2011), and PBS attitudes, including perceived self-efficacy and effectiveness of 

use (Ray et al., 2009). Further, although TPB and prototype willingness models have 

been applied to contextual PBS use (e.g., general PBS for staying safe, such as informing 

friends and family about whereabouts; Scaglione et al., 2015), a direct comparison of 

these theories have not been examined in drinking- or cannabis-specific PBS use. Thus, 

aspects of social cognitive theories have been examined in the existing PBS literature, 

and some findings have begun to inform PBS-based interventions, including the role of 

social norms on PBS use (e.g., Dvorak, Pearson, Neighbors, & Martens, 2015).  

Deviance Regulation Theory. As its moniker suggests, Deviance Regulation 

Theory (DRT) holds that individuals regulate the ways in which they deviate from social 
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norms to maintain desirable public and private self-concepts (see Blanton & Christie, 

2003). This theory posits that when deciding between two behavioral choices, the options 

are cognitively framed as either normative or counternormative. Assuming attention is 

automatically drawn to the counternormative behavior, DRT maintains that behavior can 

be predicted based on evaluative judgments of counternormative behavior, rather than 

desirability of the normative behavior (Blanton & Christie, 2003). Recently, DRT was 

used as a framework for an intervention aimed at increasing PBS use, which successfully 

increased use of specific types of PBS (Dvorak et al., 2015). In addition to providing the 

first theoretically-derived intervention specifically designed to increase PBS use, Dvorak 

et al.’s (2015) findings demonstrate the need to examine specific types of PBS utilized by 

college students. Indeed, differential findings across PBS type are evident in naturalistic 

studies of PBS, as reviewed next. 

Correlates of PBS Use  

 Gender. The most consistent correlate of PBS use is gender, with females using 

more strategies than males in nearly all PBS studies available (e.g., Benton et al., 2004; 

Benton, Benton, & Downey, 2006; Bonar et al., 2011; DeMartini et al., 2013; LaBrie, 

Lac, Kenney, & Mirza, 2011; Nguyen et al., 2011; Pearson, 2013; Toumbourou et al. 

2004; Werch, 1990).
23

 Further, some research suggests that the protective effect of PBS 

use is moderated by gender. More specifically, PBS use has been found to be protective 

against unwanted consequences among women only (e.g., Delva et al., 2004), particularly 

for sex-related consequences (e.g., failure to use protection; Lewis, Rees, & Lee, 2009). 

However, other research indicates that PBS use is effective at reducing consequences 

                                                 
23

 Given that only three PBS measures have exhibited measurement invariance (i.e. PBSS-R, PBSS-20, and 

Modified PSQ), determining gender differences was not appropriate in many studies (e.g., Benton et al., 

2004; Toumbourou et al. 2004; Werch, 1990).  
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among both genders but exhibits stronger effects for males (Benton et al., 2004). 

Similarly, one study found that PBS use is associated with less risk of violent 

victimization (i.e., physical or verbal assault; Johnson, Daigle, & Napper, 2015), but this 

was only among males who frequently consume alcohol. Regardless, underutilization of 

PBS has been linked to alcohol-related consequences across genders (e.g., Haines et al., 

2006; Werch, 1990), including unwanted sexual contact (Palmer at al., 2010). Although 

limited work exists, initial evidence suggests college student women also use cannabis-

related PBS more than men (e.g., Bravo et al., 2017).   

Race/Ethnicity. A number of differences in the PBS use-alcohol relation as a 

function of race and ethnicity have been examined. For example, using a large sample of 

college students (N = 76,882) from 38 states, Nguyen et al. (2011) found that, compared 

to White, non-Hispanic students, Hispanic, Asian, and Black students report more 

limiting strategies and less intent to get drunk; however, White students used more 

strategies to avoid drinking and driving. Conversely, Walters, Roudsari, Vader, and 

Harris (2007) found no difference in PBS subscale use between White and non-White 

students on the PBSS. As such, these results require replication using a PBS assessment 

with established measurement invariance before testing racial/ethnic differences.  

After testing structural invariance in the PBSS, LaBrie et al. (2011) found that 

White students used more SHR strategies compared to Asian students, and Asian students 

reported more SLD use compared to White students, but no racial differences were 

exhibited with regard to MOD use. Similarly, research by Madson et al. (2013) indicated 

that Black college students use more controlled consumption strategies compared to 

White, non-Hispanic students, but similar levels of SHR strategies. However, other 
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research suggests that White students may benefit from PBS use more than their Black 

counterparts (Madson & Zeigler-Hill, 2013). This indicates that protective PBS effects 

may vary as a function of race, though more research is needed. Nevertheless, evidence 

also suggests that race moderates relations between distal antecedents and PBS use (e.g., 

drinking motives; LaBrie et al., 2011).  

Age and age-related factors. Broadly, evidence suggests that age is positively 

associated with PBS use among college students, especially manner of drinking, though 

older students tend to use fewer SHR strategies (Walters et al., 2007).
24

 Similarly, 

Nguyen et al. (2011) found that those 21 and over reported more limiting strategies and 

less intent to get drunk compared to 18-20 year-olds, and younger individuals tended to 

use more strategies to avoid drinking and driving. Within the cannabis literature, 

emerging evidence indicates age is positively associated with cannabis-related PBS use 

among college students (Bravo et al., 2017).  When age was dichotomized (i.e., 21 years 

and over versus younger) using the NCHA data, associations between PBS use and 

alcohol-related problems were similar, suggesting that PBS use is equally effective across 

these groups (Haines et al., 2006). However, a later study using a splitting approach to 

PBS and a larger sample indicated that younger individuals engaged in fewer planned 

limited drinking habits (though this varied by alcohol use status; Nguyen, Walters, Wyatt, 

& DeJong, 2013). Regarding drinking age, Palmer, Corbin, and Cronce (2010) found that 

PBS use partially mediated relations between retrospectively reported age of drinking 

onset and current consumption and related problems, among college students such that 

                                                 
24

 No studies reported age ranges, but all used college samples. Walters et al. (2007) provided a mean age 

(M = 19.8, SD = 2.0), but Haines (2006), Nguyen et al., (2011), and Nguyen et al., (2013) provided no 

descriptive statistics. 
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earlier drinking onset was associated with less current PBS use and more drinking and 

consequences.  

Alcohol consumption. In the first examination of PBS use as a function of 

consumption, Werch and Gorman (1986) dichotomized their sample into problematic 

versus non-problematic alcohol users (i.e., at least one alcohol-related consequence in the 

past year) and found that the SCQ subscales of Self-Reward/Punishment and Controlling 

Time-Food were endorsed significantly more by problematic users. When assessed as a 

function of quantity-frequency of consumption, inverted U-shaped patterns emerged 

across external PBS use, with the exception of Alternatives (Werch & Gorman, 1988). 

This indicates that individuals who engage in moderate self-reported levels of alcohol 

consumption (i.e., 3-4 drinks at least once a month or 1-2 at least once a week) utilized 

more protective behavioral strategies (other than alternatives) compared to abstaining, 

infrequent, and heavy users of alcohol (Werch & Gorman, 1988). Additional evidence 

supports the finding that heavy drinkers tend to use less PBS (e.g., Jongenelis et al., 2016; 

Walters et al., 2007), though one study found that low weekly drinkers exhibited the most 

PBS use, whereas infrequent, moderate, and heavy weekly drinkers used similar levels 

(Toumbourou et al., 2004).  

Other work also suggests a curvilinear relation between PBS and alcohol use. For 

example, those who use average-to-high levels of Strategies Used While Drinking on the 

SQ reported more consumption than those reporting less use (Sugarman & Carey, 2007). 

However, these findings are difficult to interpret, given the use of an absolute frequency 

response option for PBS use (Pearson et al., 2012). Additionally, Benton et al., (2004) 

found that the protective effects of PBS use on consequences were only significant in the 
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high-drinking group (i.e., six or more drinks as determined by a median split
25

). It is 

important to note, though, that PBS use was also dichotomized using a median split and 

plotted at PBS scores of 5 and 10. Due to the response options, it may be that a single 

response of 5 indicates consistent use of one strategy (e.g., alternating alcoholic and non-

alcoholic drinks), which may be sufficient to protect against unwanted consequences. 

Thus, there is evidence suggesting that PBS use may vary as a function of alcohol user 

status, but more work is necessary. Sugarman and Carey (2007) hypothesized that these 

findings may be due to individuals engaging in binge drinking and using PBS in 

“managing their drinking occasions” (p. 347). This suggests some problem recognition, 

but evidence is mixed regarding alcohol-related consequences and subsequent PBS use.  

 Alcohol-related consequences. In a large U.S. sample of undergraduates (N = 

76,882), Nguyen et al. (2013) found that past two-week alcohol-related recent external 

harms (e.g., injury, destruction of property, sexual assault) predicted planned limited 

drinking among those who engaged in two or more binge episodes in a month. Internal 

harms (e.g., hangover, regrettable action, embarrassment), however, were associated with 

less PBS use among frequent heavy drinkers (e.g., 3+ binges) but more PBS use among 

those who reported only 1-2 binges in the last month. Contrarily, other research suggests 

that experiencing alcohol-related consequences does not predict later PBS use 

longitudinally (i.e., four months later in a female-only sample; Luebbe et al., 2009). On 

the other hand, using a cross-lagged panel design, Napper, Kenney, Lac, Lewis, and 

LaBrie (2014) found that alcohol-related consequences predicted use of PBS three 

months later, though this was specific to SHR. These inconsistent findings may be 

                                                 
25

 Use of median splits is associated with a number of potential consequences, including loss of 

information, reduced effect size, lowered power, and more within- than between-group heterogeneity (see 

MacCallum, Zhang, Preacher, & Rucker, 2002). 
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explained, in part, by longitudinal evidence suggesting that use of different PBS 

strategies vary over time as a function of alcohol use disorder status (i.e., chronic, 

remitter, or non-diagnoser); more specifically, chronic users engaged in more attempts to 

cut back, drink low-alcohol beverages, and pace drinking (Sher et al., 2004). This 

suggests that at a certain point (perhaps a certain age), PBS use may be an indicator of 

problematic alcohol use, rather than protective. Overall, there is some evidence to suggest 

that alcohol-related consequences may increase use of PBS, but whether this is a function 

of problem recognition has yet to be tested, and more longitudinal studies are necessary. 

 Cannabis consumption. Initial evidence indicates cannabis-related PBS use is 

significantly associated with less cannabis use consumption (as measured by typical 

weekly frequency using a modified Daily Drinking Questionnaire; r = -.48; Bravo et al., 

2017). When establishing the PBSM, Pedersen et al. (2017) found PBS use was 

negatively associated with frequency of past-month cannabis use. Later examinations 

using the PBSM also found negative relations between cannabis PBS (as assessed by the 

36- and 17-item PBSM) and number of days cannabis was consumed in the past-month 

(Pedersen et al., 2017). Negative relations between PBS use and heaviest weekly use 

have also been found (Pearson et al., 2017). Further, Bravo et al. (2017) found the PBS-

cannabis use consequences association was mediated by cannabis use frequency, which 

accounted for 25% of the total effect. Moreover, using a latent profile analysis, Pearson et 

al. (2017) found four classes of cannabis users, with heaviest users using the fewest PBS 

across all groups. Bravo et al. (2017) also found interactions between cannabis PBS use 

and gender. Specifically, males with low-to-average PBS use demonstrated greater 

frequency compared to females, though this difference was not detected among males 
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with high PBS use. Further, females reported greater cannabis use frequency among those 

with high PBS use (Bravo et al., 2017). Thus, initial data indicate cannabis-related PBS 

may be more effective in reducing consumption among males than females.  

 Cannabis-related consequences. Emerging findings also suggest a significant 

negative relation between cannabis-related PBS use and cannabis-related consequences, 

as measured by the 50-item Marijuana Consequences Questionnaire (r = -.40, Bravo et 

al., 2017; Pearson et al., 2017; Pedersen et al., 2017), as well as the brief measure of the 

MACQ and the Cannabis Use Disorders Identification Test (Pedersen et al., 2016). 

Studies also suggest cannabis-related PBS use (as assessed by the 36- and 17-item 

PBSM) is negatively associated with number of days college students consumed cannabis 

to the point of passing out or getting sick (Pedersen et al., 2017). Additional work also 

indicates cannabis use and consequences are not associated with individuals very low on 

PBS use, though use and consequences are significantly positively related among low-to-

high PBS users (Bravo et al., 2017). These data provide initial evidence suggesting PBS 

use may be indicative of attempts to reduce consumption and consequences after problem 

recognition, whereas those without consequences may not need PBS use to moderate 

consumption.  

College-related variables. Several college-related variables, including housing, 

extracurricular activities, and affiliations may impact PBS use. For example, Nguyen et 

al. (2011) found that among alcohol-consuming first-year students, PBS use declined 1-2 

weeks prior to matriculation and declined further after school started. This suggests that 

PBS use is affected by merely starting college. The evidence is mixed regarding the 

effects of specific affiliations. Whereas some evidence suggests no PBS differences 
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between athletes versus non-athletes (Walters et al., 2007), other work indicates that 

athletes use fewer strategies (e.g., Yusko et al., 2008). Similarly, some research has found 

no differences in PBS use among Greek-affiliated versus non-affiliates (Delva et al., 

2004; Walters et al., 2007), but more recent work suggests that fraternity and sorority 

members use most PBS strategies at or above typical college student use, but due to their 

high risk for alcohol misuse and related consequences, PBS use may be insufficient to 

protect these individuals (Soule, Barnett & Moorhouse, 2015). However, a recent 

analysis of the NCHA data suggested that Greek-affiliated individuals used PBS less 

frequently and reported significantly more negative consequences (Barry et al., 2016), 

consistent with previous findings (e.g., Nguyen et al., 2011). Thus, findings are largely 

inconsistent and more work is necessary to determine which group-affiliated students are 

at risk for PBS non-use. To this author’s knowledge, no college-related variables have yet 

to be examined in relation to cannabis-focused PBS. Results from naturalistic studies like 

these will help to inform alcohol- and cannabis-related interventions, which seek to 

increase PBS (reviewed next).   

Brief History of Substance Use Intervention: Abstinence v. Moderation 

 In 1943, Benjamin Rush proposed a continuum of temperance to intemperance 

(Rush, 1943, as cited in Marlatt et al., 1993). Under this model, both abstinence and 

moderate drinking are classified as temperance. However, the widely-accepted disease 

model of alcoholism, medicalized in 1956, maintained that individuals with problematic 

alcohol use patterns can either progress toward decline or choose to abstain (see Jellinek, 

1960). Thus, for decades, abstinence was the only recommendation for individuals with 

alcoholism (see a review by Pattison, 1966). A series of studies by Davies (1962) 
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provided the first evidence indicating that alcoholic men who successfully completed 

treatment were able to engage in controlled and/or normal drinking habits. Subsequent 

research demonstrated that individuals with chronic heavy alcohol consumption preferred 

moderation over abstinence when given the choice (Bigelow et al., 1972), and 

moderation could be attained through use of reinforcement contingencies (Cohen, 

Liebson, Faillace, & Speers, 1971). Based on the underlying idea that alcohol use does 

not necessarily equate to disordered use (i.e., temperance) and evidence that individuals 

with AUDs could return to normative drinking patterns, harm reduction models 

maintained that individuals could learn skills to minimize the consequences associated 

with alcohol use (Engelsman, 1989). Interventions designed to teach moderate drinking 

then emerged.  

 Based on behavioral principles, early treatments taught individuals to determine 

their own BAC and then applied aversive shocks when an individual’s BAC reached 

.065% (see Lovibond & Caddy, 1970). Next, the seminal Sobell and Sobell studies (1976, 

1978) not only demonstrated that alcoholics often provided valid self-report information 

(1978), but also provided the first examination of controlled drinking treatments with a 

systematic trial and extensive follow-up procedure (i.e., the time-line follow-back). Their 

results suggested that alcoholics, determined to have a good prognosis by hospital staff, 

were functioning significantly better if treated in the controlled drinking, rather than 

abstinence-oriented, program (Sobell & Sobell, 1978). Despite the controversial backlash 

surrounding the Sobell and Sobell studies, this paved the way for interventions which 

promoted intrinsic motivation by allowing individuals to choose their own treatment 

goals (e.g., Motivational Interviewing; Miller & Rollnick, 1991; Prochaska & 
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DiClemente, 1982), as well as self-control through use of self-monitoring and 

establishing alcohol-related goals (e.g., behavioral self-management; Alden, 1988).  

 These “warm turkey” approaches (e.g., tapering down, trial moderation; Miller & 

Page, 1991, p. 227) provide more attractive treatment options for individuals who are 

interested in gradual change toward abstinence. Further, approaches like the “Drinker’s 

Check-Up” (Miller & Sovereign, 1989) allow individuals to self-assess their alcohol 

behaviors without commitment to treatment, and programs like Moderation Management 

(Kishline, 1994) are designed to be an alternative to Alcoholics Anonymous for 

individuals who are experiencing alcohol-related problems who are not dependent 

(Lembke & Humphreys, 2012). Thus, clinicians have moved away from abstinence-only 

approaches toward interventions which teach skills for engaging in controlled, moderate 

alcohol consumption. 

Alcohol-Related Brief Interventions 

  These changes in alcohol treatment provided the foundation for many currently 

used brief interventions, particularly among college students, which encourage change 

and provide personalized feedback, such as the Brief Alcohol Screening and Intervention 

for College Students (BASICS; Dimeff et al., 1999). BASICS is designed to enhance 

motivation for change, as well as teach students to use cognitive-behavioral self-

management and harm reduction skills (Dimeff et al., 1999).Using the “FRAMES” 

approach (i.e., Feedback, Responsibility, Advice, Menu, Empathy, and Self-Efficacy; 

Miller & Rollnick, 1991), BASICS is a secondary intervention, harm reduction approach 

which includes assessment of alcohol-related behaviors (e.g., consumption patterns, 

consequences, perceived norms, expectancies, attitudes), personalized feedback, 
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psychoeducation on alcohol effects, training on BAC monitoring, and development of 

strategies to moderate consumption (Dimeff et al., 1999). (Recent work applies the 

FRAMES approach to cannabis use [i.e., CANnabis and Adolescents, a Brief 

Intervention to Reduce Their Consumption (CANABIC); Laporte et al., 2017], though 

this intervention has no evidence of efficacy at this time). More recent BASICS-like 

interventions provide a list of PBS (e.g., Kulesza, Apperson, Larimer, & Copeland, 2010) 

or provide personalized and/or normative feedback about the use of PBS (e.g., Kulesza, 

McVay, Larimer, & Copeland, 2013). Given many interventions include components 

which aim to increase PBS use and findings that PBS use weakens the consumption-

problems relation (e.g., Borden et al., 2011), evidence for PBS as a mechanism of action 

(MOA) is equivocal (e.g., Barnett, Murphy, Colby & Monti, 2007 c.f., Martens, Smith, & 

Murphy, 2013).   

PBS Use as the Mechanism of Action for Interventions  

Use of PBS represents a single, yet significant aspect of brief alcohol 

interventions for college students. Although many studies include PBS feedback in 

interventions, mediation analyses are often not conducted (e.g., Madson et al., 2016; 

Suffoletto et al., 2014). Among those which include mediation analyses, some studies 

indicate that use of PBS may be responsible for the reduction in alcohol consumption 

(e.g., Barnett et al., 2007), yet others have found no evidence that PBS mediates 

intervention success (e.g., Neighbors, Lee, Lewis, Fossos, & Walter, 2009).  

Evidence for PBS Use as a MOA. In one of the first examinations of brief 

interventions which targeted drink refusal (a form of PBS), Murgraff, White, and Phillips 

(1996) asked college students to “choose one strategy [from a menu of possible responses 
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for refusing a drink] and specify a time and place in which the chosen strategy would be 

implemented” (Murgraff et al., 1996, p. 577). Results indicated that students who were 

asked to plan their drink refusal strategy reported lower drinking frequency compared to 

those in the information-based control condition (Murgraff et al., 1996). When assessing 

a BASICS-like intervention, Larimer et al. (2007) found that a personalized mailed 

feedback (including protective strategy tips) among college students was more effective 

in reducing drinking, as well as heavy episodic drinking (but not alcohol-related 

consequences) at 1-year follow-up.  Further, these researchers found the reduction in 

drinking in the treatment group was mediated by increase in use of PBS (as measured 

using the mean from 10 NCHA items) compared to the assessment-only control group. In 

a comparison of 10-minute versus 50-minute sessions of BASICS training for heavy-

drinking college students, Kulesza et al. (2013) found that PBS use (as assessed by the 

PBSS) mediated the interventions’ effect on alcohol consumption four weeks later but 

alcohol-related problems did not decrease.  

Similarly, Barnett et al. (2007) found that PBS use (as assessed by 22 items from 

the SCQ) fully mediated the effect of a brief motivational interviewing intervention 

(which emphasized the importance of PBS use) on drinking volume but found no effect 

of the intervention or PBS use on alcohol-related problems at the one-year follow-up. 

Thus, evidence from multiple interventions indicates that increased PBS use is 

responsible for decreases in drinking consumption, but not related consequences. 

However, when assessing the efficacy of a brief motivational combined with a behavioral 

economic supplement (i.e., Substance-Free Activity Session), increases in PBS use 

(assessed by the PBSS) appeared to be a partial MOA at the one-month follow-up 
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(Murphy et al., 2012). Additionally, Cimini et al. (2009) found that PBS use (as assessed 

by the PBSS) was associated with individual-level changes in alcohol-related outcomes 

following a peer-facilitated motivational interviewing intervention for students with 

university alcohol violations. More specifically, increased MOD use was associated with 

reductions in peak drinking and quantity, increased SLD use was associated with a 

reduction in peak drinking but not quantity, and increased use of all three PBS types was 

associated with reductions in alcohol consequences. However, there were no alcohol-

related changes between baseline and 6-month follow-up across treatment groups (Cimini 

et al., 2009). This evidence suggests that PBS use may at least partially mediate alcohol-

related consequences following intervention. It is also possible that the protective effects 

of PBS use are conditional.   

 For instance, examination of a single-session PBS skills training group 

intervention for women suggested significant increases in PBS use (as assessed using the 

PBSS and 7 items from the SQ) at one- and six-month follow-ups, particularly among 

women with high anxiety (Kenney, Napper, LaBrie, & Martens, 2014). Accompanying 

reductions in heavy episodic drinking at the one-month follow-up and reduced alcohol-

related consequences at both follow-ups were observed. However, PBS use was only 

linked to reduced consequences among women high in anxiety, consistent with previous 

work suggesting that PBS use may be more protective for those with symptoms of 

psychopathology (e.g., LaBrie, Kenney, Lac, Garcia, & Ferraiolo 2009). Further, these 

findings indicate that PBS use may act as the MOA in brief interventions for specific 

individuals.       
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 Evidence Against PBS Use as a MOA. In a study aimed at dismantling 

motivational interviewing and feedback for college student alcohol interventions, Walters 

and Harris (2009) found that PBS (as assessed by the PBSS) was not a mediator of 

intervention success on reductions in alcohol use; is important to note, however, that the 

intervention did not specifically target PBS use. In a BASICS intervention efficacy study, 

Martens et al., (2007) found an increase across all three subscales of PBS use (as assessed 

by the PBSS) after providing individualized feedback on several alcohol-related 

behaviors, including PBS use; however, these changes were not associated with changes 

in alcohol consumption. Similarly, an online BASICS-like intervention to reduce binge 

drinking on 21
st
 birthdays also increased PBS use (as assessed by the PBSS) but did not 

mediate the effects of the intervention on reducing 21
st
 birthday BAC (Lewis et al., 

2012). Kulesza et al. (2010) also found no effect of PBS use (as assessed by the 25-item 

PBSS) four weeks post-intervention, though this study is limited in that students only 

received a handout with a list of PBS, rather than personalized feedback; moreover, PBS 

use did mediate initial changes in alcohol consumption (see previous section).  

 Even when personalized PBS feedback was tested in an efficacy study, however, 

evidence did not indicate PBS use as the MOA (Martens et al., 2013). Specifically, two 

single-session brief alcohol interventions with personalized normative feedback versus 

protective behavioral strategies feedback were compared in an effort to test social norms 

and PBS use as potential MOAs. The PBS feedback intervention was not efficacious in 

reducing alcohol consumption or related problems post-intervention or at the six-month 

follow-up (Martens et al., 2013; Teeters, Borsari, Martens, & Murphy, 2015). Despite 
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this evidence refuting PBS use as the MOA in brief interventions, there may be too much 

support, albeit limited, to eliminate PBS use as a potential MOA.  

PBS-Targeted Intervention 

In an effort to parse the functional association between alcohol and PBS use, 

Sugarman and Carey (2009) provided instructional feedback to students to self-monitor 

alcohol use and either increase PBS use (as assessed by the SQ; SI group) by 50% or 

reduce alcohol consumption by 50% (AR group; self-monitor only served as the control 

condition). Results indicated significant increases in Selective Avoidance strategies in the 

both groups and increases in Strategies While Drinking and Alternatives for the SI group 

only. However, changes in strategy use were not associated with changes in alcohol use 

(i.e., heaviest BAC, average drinks per week, or average BAC for drinking days). 

Therefore, these findings are inconclusive.  

 A recent test of the Tertiary Health Research Intervention via Email (THRIVE) on 

a sample of U.S. college students was the first to manipulate PBS-related aspects of a 

brief alcohol intervention (Leeman et al., 2016). Results suggested that students who 

received the intervention with psychoeducation on both types of PBS (i.e., direct – 

alternating with nonalcoholic beverages and indirect – carrying contraception) decreased 

overall weekly drinking, as well as peak number of drinks at one- and six-month follow-

ups. Evidence also indicated that the group who only received indirect PBS 

psychoeducation exhibited these improvements, whereas no significant changes were 

observed in the direct-only group (Leeman et al., 2016). However, it is important to note 

that no changes were observed in mean direct or indirect strategy use, suggesting that 

changes in PBS use were not responsible for changes in drinking outcomes.  
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Recently, DRT has recently been used as a framework for interventions aiming to 

increase PBS use. Dvorak et al. (2015) found PBS use increased when individuals who 

perceived PBS use to be common (i.e., high PBS norms) were provided a negatively-

framed message about individuals who do not use PBS (e.g., “. . . are more impulsive and 

have less self-control”), as well as increased PBS use among those low PBS norms when 

provided a positively framed message about those who use PBS (e.g., “. . . tend to be 

viewed as more responsible by their peers;” p. 485). Both groups showed reductions in 

alcohol consumption and related problems. It should be noted, however, that this effect 

was specific to MOD use, not SLD or SHR. Using the same data, Dvorak, Pearson, 

Neighbors, and Martens (2016) also found that the DRT intervention increased intentions 

to use all three types of PBS strategies among those with high PBS norms who received 

the negative frame. Further, intention predicted next-week SLD use among those in the 

low norm/positive frame and high norm/ negative frame, but not MOD or SHR use in a 

manner consistent with deviance regulation theory or TPB. Thus, this DRT-derived 

intervention was partially effective at increasing PBS and adds to evidence indicating that 

PBS use can be increased via feedback, at least among college students (e.g., Martens et 

al., 2013). 

Another promising area of brief intervention includes just-in-time adaptive 

interventions (JITAI; see Nahum-Shani, Hekler, & Spruijt-Metz, 2015). This 

methodology involves providing text message interventions to individuals at specific 

moments (e.g., times of stress, prior to weekends). Although this intervention design 

remains in its infancy, particularly with regard to substance use reduction, initial evidence 

suggests this may be fruitful for young adults. Suffoletto, Chung, Muench, Monti, and 
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Clark (2018) used adaptive text-messaging to reduce weekend consumption of alcohol. 

This non-randomized clinical trial (N = 38; ages 18-25) demonstrated young adults will 

interact and respond to this type of intervention delivery. Specifically, participants were 

asked to complete goals for limiting alcohol consumption during the week for the 

upcoming weekend (i.e., PBS of setting limits). Results indicated significant reduction in 

weekend alcohol consumption from baseline to 3 months. More work is needed, but this 

preliminary evidence suggests adaptive text messaging interventions which incorporate 

PBS use may be inexpensive, timely, and effective for reducing alcohol consumption 

among young adults.  

Summary 

 

This review aimed to examine the current state of the literature on protective 

behavioral strategy use among college students and provide the historical underpinnings 

of this growing area of research. The study of PBS use emerged in light of evidence that 

alcoholics could engage in moderate drinking following intervention (see Davies, 1962; 

Sobell & Sobell, 1978). However, the first psychometrically-evaluated assessment of 

PBS use for college students was not developed until 1986 (Werch & Gorman, 1986). 

Since then, several measures of PBS use have been created and evaluated (e.g., the SQ, 

PBSS, PBSM, and PSQ). Despite this, few assessments have evidence supporting 

psychometric validity (c.f., the PBSS-20; Treloar et al., 2015), though more psychometric 

evaluations are being applied (e.g., PBSM; Pedersen et al., 2017) and replication studies 

are underway (e.g., Bravo et al., 2015; Bravo et al., 2016; Bravo et al., 2017). Clinically, 

there is a modicum of evidence supporting the notion that PBS are a mechanism of 

change in brief interventions, though more rigorous trials are necessary (e.g., dismantling 
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studies). Prior to this, more psychometric work and a better understanding of relations 

between PBS and substance-related outcomes is crucial. Until we have a firm grasp of 

how specific strategies influence consumption and related consequences, we can expect 

for future research to continue to yield equivocal findings. As such, the proposed study 

provides an important step toward this goal through rigorous psychometric analyses.   

Nevertheless, the proposed study has several noteworthy limitations, including the 

cross-sectional design. Specifically, this design does not allow for temporal sequencing, 

thus causal relations (e.g., consequences predicting PBS use) cannot be established, nor 

can course-referenced dynamic predictor status. Another potential issue is the of lack of 

adequate psychometric support for the consumption and consequences measures used. 

Moreover, the proposed methodology relies solely on self-report, which has a number of 

potential ramifications (e.g., social desirability bias, retrospective recall bias; see 

Northrup, 1997).  

The proposed study will provide multiple novel contributions to the literature, as 

well as much needed replication efforts. Specifically, this will be the first study to 

examine an alcohol-related PBS assessment using an IRT-framework. This will also be 

the first study to replicate measurement invariance testing across gender for the PBSS-20, 

and the first to test gender invariance on the PBSM using recommended approaches. The 

proposed study will also be the first to replicate EFA, CFA, and IRT analyses of the 

PBSM outside of the original research team. Additionally, this will be the first study to 

examine specific strategies as a function of alcohol and cannabis use disorder status.  
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Appendix E  

Proposed Measures 

Demographics 

No. Item Coding  

1. How old are you (in years)? 

Please select from the drop 

down box. 

Ages 17 to 65+ 

2. What year are you at TTU?   First year. …………………………………....0 

  Sophomore …………………………………..1 

  Junior………………………………………...2 

  Senior………………...…..………………….3 

3. What is your current GPA?  Not sure………………………………………0   

  0-1.5 …………………………………………1 

  1.6-2.0 ……………………………………….2 

  2.1-2.5 ……………………………………….3 

  2.6-3.0………………...……………………...4 

  3.1-3.5………………...…………………...…5 

  3.6-4.0………………...……….......................6 

4. What is your major?   Business ……………………………………..0 

  Education ……………………………………1 

  Psychology…………………………………..2 

  Science, Technology, Engineering,          

Mathematics…………………………………..3 

  Fine Arts/Music……………………………...4  

  Other…………………………………………5 

5. Are you/were you a member 

of a sorority or fraternity? 

 

 

 

Yes……………………………………………0 

No, I am not/was not a member, but I regularly 

attend(ed) sorority/fraternity/greek 

events…………………….…………..……….1  

No, I am not/was not a member, but I 

occasionally attend(ed) sorority/greek 

events……………………………..…………..2 

No, I am not/was not a member, and I never 

attend(ed) sorority/greek events……………....3 

I choose not to answer………..……………....4 
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6. Where do you live? Dorm/on-campus housing...………….……….0 

My family’s house or apartment……..……….1 

Off-campus apartment or house……..………..2 

Other……………………………..……………3 

7. 

 

Please select your 

racial/ethnic background. 

Select all that apply:  

African-American or Black…………………...0  

American Indian or Alaska Native or 

Indigenous or First Nations…………………...1  

Arab or Middle Eastern ……………………....2 

Asian or Asian American……………………..3 

Hispanic or Latina or Latino………………….4  

Multiracial or Biracial………………………..5 

Native Hawaiian or Pacific Islander…………6  

White or Caucasian or European American….7  

No response or Prefer not to answer………….8 

8. Please describe the group(s) 

that represents your Hispanic 

origin or ancestry (e.g., 

Cuban, Dominican, 

Mexican). 

I am not Hispanic/Latino……………………..0 

Don’t Know…………………………………..1 

 

[free response] 

9. What sex were you assigned 

at birth, on your original birth 

certificate? 

 

Male………………………………………….0  

Female……………………………………......1 

Intersex…………………………………….....2 

Prefer not to respond………….....…………...3 

10. What is your current gender 

identity? 

Female………………………………………..0 

Male…………………………………………..1 

Trans male/Trans man………………………..2  

Trans female/Trans woman…………………..3 

Genderqueer/Gender non-conforming……….4  

Different identity (please state): _______ 

11. A person’s appearance, style, 

or dress may affect the way 

people think of them. On 

average, how do you think 

people would describe your 

appearance, style, or dress? 

(Mark one answer)  

Very feminine………………………………...0  

Mostly feminine………………………………1 

Somewhat feminine…………………………..2  

Equally feminine and masculine……………..3  

Somewhat masculine…………………………4  

Mostly masculine…………………………….5  

Very masculine……………………………….6 
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12. How do you describe your 

religion, spiritual practice, or 

existential worldview? Check 

all that apply. 

Agnostic  

Animist 

Atheist 

Baha’i 

Buddhist 

Catholic 

Christian 

Deist 

Hindu 

Humanist 

Jewish 

Lutheran 

Methodist 

Pagan 

Pantheist 

Polytheist 

Presbyterian 

Secular 

Sikh 

Spiritual but not religious 

Taoist 

Unitarian Universalist 

Wiccan 

Other 

Prefer not to answer 

No response 

13. In your lifetime, to whom 

have you been sexually 

attracted? 

 

Opposite-sex only……………………………0 

Opposite-sex mostly…………………………1 

Opposite-sex somewhat……………………...2 

Both sexes equally…………………………...3  

Same-sex somewhat………………………….4 

Same-sex mostly……………………………..5 

Same-sex only………………………………..6 

I have no sexual attractions…………………..7 

14. In your lifetime, who have 

you had sex with?  

Men only…………………………………….0 

Women only…………………………………1 

Both men and women………………………..2 

I have not had sex……………………………3 



Texas Tech University, Brittany Blanchard, August 2020 

 

163 

 

15. How would you describe 

your current sexual 

orientation? Check all that 

apply.  

 

o Asexual 

o Bisexual 

o Fluid 

o Gay 

o Heterosexual 

o Lesbian 

o Pansexual 

o Queer 

o Questioning  

o Prefer not to respond 

o Open-response option 

16. What is your current 

relationship status?  

 

 

Single/Not Dating…………………………...0 

Dating Several People……………………….1 

Dating 1 person exclusively…………………2 

Engaged…………………………….………..3 

Married……………………………..………..4 

Partnered, in a Committed Long-term 

Relationship………………………………….5 

Separated from Spouse/Partner…….………..6 

Divorced…………………………….……….7 

Widowed…………………………….............8 

17. 

 

How long have you been in 

your current, primary 

relationship?  

Less than 6 months…………….…………….0 

6 months – 1 year……………..……………..1 

1 – 2 years………………………..…….........2 

2 – 3 years………………………..………….3 

3 – 5 years………………………..………….4 

5 or more years…………………..………….5 

I am currently not in a relationship………….6 
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NIAAA Binge Questions 

No. Item Coding 

1. During the last 12 months, how often did 

you usually have any kind of drink 

containing alcohol? By a drink we mean 

half an ounce of absolute alcohol (e.g. a 

12 ounce can or glass of beer or cooler, 

a 5 ounce glass of wine, or a drink 

containing 1 shot of liquor). Choose 

only one 

0 - Every day 

1 - 5 to 6 times a week 

2 - 3 to 4 times a week 

3 - twice a week 

4 - once a week 

5 - 2 to 3 times a month 

6 - once a month 

7 - 3 to 11 times in the past year 

8 - 1 or 2 times in the past year 

2. During the last 12 months, how many 

alcoholic drinks did you have on a typical 

day when you drank alcohol? 

0 - 25 or more drinks 

1 - 19 to 24 drinks 

2 - 16 to 18 drinks 

3 - 12 to 15 drinks 

4 - 9 to 11 drinks 

5 - 7 to 8 drinks 

6 - 5 to 6 drinks 

7 - 3 to 4 drinks 

8 - 2 drinks 

9 - 1 drink 

3. During the last 12 months, what is the 

largest number of drinks containing 

alcohol that you drank within a 24-hour 

period? 

0 - 36 drinks or more 

1 - 24 to 35 drinks 

2 - 18 to 23 drinks 

3 - 12 to 17 drinks 

4 - 8 to 11 drinks 

5 - 5 to 7 drinks 

6 - 4 drinks 

7 - 3 drinks 

8 - 2 drinks 

9 - 1 drink 

4. During the last 12 months, how often did 

you drink this largest number of drinks? 

Choose only one 

0 - Every day 

1 - 5 to 6 times a week 

2 - 3 to 4 times a week 

3 - twice a week 

4 - once a week 

5 - 2 to 3 times a month 
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6 - once a month 

7 - 3 to 11 times in the past year 

8 - 1 or 2 times in the past year 

5. During the last 12 months, how often did 

you have 5 or more (males) or 4 or more 

(females) drinks containing any kind of 

alcohol in within a two-hour period? 

[That would be the equivalent of at least 

5 (4) 12-ounce cans or bottles of beer, 5 

(4) five ounce glasses of wine, 5 (4) 

drinks each containing one shot of liquor 

or spirits - to be provided by interviewer 

if asked.] Choose only one. 

0 - Every day 

1 - 5 to 6 days a week 

2 - 3 to 4 days a week 

3 - two days a week 

4 - one day a week 

5 - 2 to 3 days a month 

6 - one day a month 

7 - 3 to 11 days in the past year 

8 - 1 or 2 days in the past year 

7. During the past two weeks, how often did 

you usually have any kind of drink 

containing alcohol? By a drink we mean 

half an ounce of absolute alcohol (e.g. a 

12 ounce can or glass of beer or cooler, 

a 5 ounce glass of wine, or a drink 

containing 1 shot of liquor). Choose 

only one 

0 - Every day 

1 - Almost Every Day 

2 - 3 to 5 times a week 

3 - 1 to 2 times a week 

4 -  Weekends Only 

5 – Once or Twice 

8. During the past two weeks, how many 

alcoholic drinks did you have on a typical 

day when you drank alcohol? 

0 - 25 or more drinks 

1 - 19 to 24 drinks 

2 - 16 to 18 drinks 

3 - 12 to 15 drinks 

4 - 9 to 11 drinks 

5 - 7 to 8 drinks 

6 - 5 to 6 drinks 

7 - 3 to 4 drinks 

8 - 2 drinks 

9 - 1 drink 

9. During the past two weeks, what is the 

largest number of drinks containing 

alcohol that you drank within a 24-hour 

period? 

0 - 36 drinks or more 

1 - 24 to 35 drinks 

2 - 18 to 23 drinks 

3 - 12 to 17 drinks 

4 - 8 to 11 drinks 

5 - 5 to 7 drinks 

6 - 4 drinks 
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7 - 3 drinks 

8 - 2 drinks 

9 - 1 drink 

10 During the past two weeks, how often did 

you drink this largest number of drinks? 

Choose only one 

0 - Every day 

1 - Almost Every Day 

2 - 3 to 5 times a week 

3 - 1 to 2 times a week 

4 – Once or Twice 

11 During the past two weeks, how often did 

you have 5 or more (males) or 4 or more 

(females) drinks containing any kind of 

alcohol in within a two-hour period? That 

would be the equivalent of at least 5 (4) 

12-ounce cans or bottles of beer, 5 (4) 

five ounce glasses of wine, 5 (4) drinks 

each containing one shot of liquor or 

spirits. Choose only one. 

0 - Every day 

1 - Almost Every Day 

2 - 3 to 5 times a week 

3 - 1 to 2 times a week 

4 -  Weekends Only 

5 – Once or Twice 
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Alcohol Use Disorder Criteria (DSM-5) 

INSTRUCTIONS: The following is a list of things that sometimes happen to 

people either during, or after they have been using alcohol. Select either YES 

or NO to indicate whether that item describes something that has happened to 

you IN THE PAST 12 MONTHS. 

1. Alcohol is often taken in larger amounts or over a longer 

period than was intended.  

0 = no 

1 = yes 

2. There is a persistent desire or unsuccessful efforts to cut 

down or control alcohol use.   

0 = no 

1 = yes 

3. A great deal of time is spent in activities necessary to 

obtain alcohol, use alcohol, or recover from its effects.  

0 = no 

1 = yes 

4. Craving, or a strong desire or urge to use alcohol.  0 = no 

1 = yes 

5. Recurrent alcohol use resulting in a failure to fulfill major 

role obligations at work, school, or home.  

0 = no 

1 = yes 

6. Continued alcohol use despite having persistent or 

recurrent social interpersonal problems caused or 

exacerbated by the effects of alcohol.  

0 = no 

1 = yes 

7. Important social, occupational, or recreational activities are 

given up or reduced because of alcohol use.  

 

0 = no 

1 = yes 

8. Recurrent alcohol use in situations in which it is physically 

hazardous.  

 

0 = no 

1 = yes 

9. Alcohol use is continued despite knowledge of having a 

persistent or recurrent physical of psychological problem 

that is likely to have been caused or exacerbated by 

alcohol.   

0 = no 

1 = yes 

10. Tolerance, as defined by either of the following:   

a. A need for markedly increased amounts of alcohol 

to achieve intoxication or desired effect.   

b. A markedly diminished effect with continued use of 

the same amount of alcohol.  

0 = no 

1 = yes 

11. Withdrawal, as manifested by either of the following:  

a. The characteristic withdrawal syndrome for alcohol  

b. Alcohol (or a closely related substance, such as a 

benzodiazepine) is taken to relieve or avoid 

withdrawal symptoms.  

0 = no 

1 = yes 
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Protective Behavioral Strategies Survey (PBSS-20) 

INSTRUCTIONS: Indicate the degree to which you deliberately engage in the 

following behaviors when using alcohol or “partying” to limit your drinking 

or prevent excessive alcohol use or unwanted consequences. 

No. Item Coding 

1. Use a designated driver 0 – Never 

1 – Rarely 

2 – Sometimes 

3 – Often 

4 – Always  

2. Determine not to exceed a set number of drinks 0 – Never 

1 – Rarely 

2 – Sometimes 

3 – Often 

4 – Always 

3. Alternate alcoholic and nonalcoholic drinks 0 – Never 

1 – Rarely 

2 – Sometimes 

3 – Often 

4 – Always 

4. Have a friend let you know when you’ve had enough 

to drink 

0 – Never 

1 – Rarely 

2 – Sometimes 

3 – Often 

4 – Always 

5. Avoid drinking games 0 – Never 

1 – Rarely 

2 – Sometimes 

3 – Often 

4 – Always 

6. Leave the bar/party at a predetermined time 0 – Never 

1 – Rarely 

2 – Sometimes 

3 – Often 

4 – Always 

7. Make sure that you go home with a friend 0 – Never 

1 – Rarely 

2 – Sometimes 

3 – Often 

4 – Always 

8. Know where your drink has been at all times 0 – Never 

1 – Rarely 

2 – Sometimes 

3 – Often 
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4 – Always 

9. Stop drinking at a predetermined time 0 – Never 

1 – Rarely 

2 – Sometimes 

3 – Often 

4 – Always 

10. Drink water while drinking alcohol 0 – Never 

1 – Rarely 

2 – Sometimes 

3 – Often 

4 – Always 

11. Put extra ice in your drink 0 – Never 

1 – Rarely 

2 – Sometimes 

3 – Often 

4 – Always 

12. Avoid mixing different types of alcohol 0 – Never 

1 – Rarely 

2 – Sometimes 

3 – Often 

4 – Always 

13. Drink slowly rather than gulp or chug 0 – Never 

1 – Rarely 

2 – Sometimes 

3 – Often 

4 – Always 

14. Avoid trying to keep up or out-drink others 0 – Never 

1 – Rarely 

2 – Sometimes 

3 – Often 

4 – Always 

15. Refuse to ride in a car with someone who has been 

drinking 

0 – Never 

1 – Rarely 

2 – Sometimes 

3 – Often 

4 – Always 

16. Only go out with people you know and trust 0 – Never 

1 – Rarely 

2 – Sometimes 

3 – Often 

4 – Always 

17. Avoid combining alcohol with marijuana 0 – Never 

1 – Rarely 

2 – Sometimes 

3 – Often 

4 – Always 
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18. Avoid “pre-gaming” (i.e., drinking before going out) 0 – Never 

1 – Rarely 

2 – Sometimes 

3 – Often 

4 – Always 

19. Make sure you drink with people who can take care of 

you if you drink too much 

0 – Never 

1 – Rarely 

2 – Sometimes 

3 – Often 

4 – Always 

20. Eat before or during drinking 0 – Never 

1 – Rarely 

2 – Sometimes 

3 – Often 

4 – Always 
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Cannabis Use 

1. In your lifetime, have you ever used marijuana in any 

form? 

0 = No 

1 = yes 

2. On how many days during the last 30 days did you use 

marijuana? 

[free response] 

  

INSTRUCTIONS: First, think of a typical week in the last 30 days. Where did you 

live? What were your regular weekly activities? Were you working or going to 

school? How did you spend your free time, etc.? After getting a good picture of that 

time in your life, remember as accurately as you can, on which days of the week and 

for how long, you used cannabis. What was the total amount of the drug you used 

each day in that time during a typical week in the lasts 30 days.  

 

Then, for each day of a typical week in the last 30 days, place an “X” in the calendar 

below in the box of those days you consumed cannabis and write in the number of 

hours you used that drug or were intoxicated. In the bottom box, list the total 

amount of that drug you used during that time period on each day you used, the 

method of consumption, and type (if known).  

 

Day of the 

Week 

Monday Tuesday Wednesday Thursday Friday Saturday Sunday 

Used the 

drug that 

day 

       

Total 

amount of 

drug used (if 

known) 

       

Method (e.g., 

pipe, bong, 

joint, 

vaporizer) 

       

Type (e.g., 

bud, hash, 

kief, edibles, 

concentrates, 

other[please 

specify]) 

       

 

 

INSTRUCTIONS: Now, think of the weeks you most heavily used cannabis in the 

last 30 days. Were your life circumstances any different that during the typical 
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week you just thought about? If so, how?  

After getting a good picture of that particular week in your mind, try to 

remember as accurately as you can, on which days of the week and for how long 

you used or were intoxicated by cannabis. What was the total amount of the drug 

you used each day during the week you most heavily used the last 30 days? 

 

Then, for each day of your heaviest cannabis use week in the last 30 days, place an 

“X” in the calendar below in the box of those days you consumed cannabis and 

write in the number of hours you used that drug or were intoxicated. In the 

bottom box, list the total amount of that drug you used during that time period on 

each day you used, the method of consumption, and type (if known).  

Day of the 

Week 

Monday Tuesday Wednesday Thursday Friday Saturday Sunday 

Used the 

drug that 

day 

       

Total 

amount of 

drug used (if 

known) 

       

Method (e.g., 

pipe, bong, 

joint, 

vaporizer) 

       

Type (e.g., 

bud, hash, 

kief, edibles, 

concentrates, 

other[please 

specify]) 
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Cannabis Use Disorder Criteria (DSM-5) 

INSTRUCTIONS: The following is a list of things that sometimes happen to 

people either during, or after they have been using cannabis. Select either YES 

or NO to indicate whether that item describes something that has happened to 

you IN THE PAST 12 MONTHS. 

1. Cannabis is often taken in larger amounts or over a longer 

period than was intended. 

0 = no 

1 = yes 

2. There is a persistent desire or unsuccessful efforts to cut 

down or control cannabis use. 

0 = no 

1 = yes 

3. A great deal of time is spent in activities necessary to obtain 

cannabis, use cannabis, or recover from its effects. 

0 = no 

1 = yes 

4. Craving, or a strong desire or urge to use cannabis. 

 

0 = no 

1 = yes 

5. Recurrent cannabis use resulting in a failure to fulfill major 

role obligations at work, school, or home. 

0 = no 

1 = yes 

6. Continued cannabis use despite having persistent or recurrent 

social or interpersonal problems caused or exacerbated by the 

effects of cannabis. 

0 = no 

1 = yes 

7. Important social, occupational, or recreational activities are 

given up or reduced because of cannabis use. 

0 = no 

1 = yes 

8. Recurrent cannabis use in situations in which it is physically 

hazardous. 

0 = no 

1 = yes 

9. Cannabis use is continued despite knowledge of having a 

persistent or recurrent physical or psychological problem that 

is likely to have been caused or exacerbated by cannabis. 

0 = no 

1 = yes 

10. Tolerance, as defined by either a  

a.  need for markedly increased cannabis to achieve 

intoxication or desired effect or  

b.  markedly diminished effect with continued use of the 

same amount of the substance. 

0 = no 

1 = yes 

11. Withdrawal, as manifested by either  

a. the characteristic withdrawal syndrome for cannabis  

b. cannabis is taken to relieve or avoid withdrawal 

symptoms 

 

0 = no 

1 = yes 
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Protective Behavioral Strategies for Marijuana (PBSM) 

INSTRUCTIONS: Indicate the degree to which you deliberately engage in the 

following behaviors when using marijuana or “partying” to reduce 

consumption or excessive or unwanted consequences. 

4. Avoid using while spending time with family 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

5. Avoid using marijuana before work or school 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always  

6. Avoid using marijuana to cope with emotion 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

7. Use a designated driver (i.e. someone who has not used) 

after using marijuana 

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

8. Do not keep marijuana in the car, whether as driver or 

passenger 

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

9. Avoid bringing marijuana into events or venues where 

you are likely to be searched 

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always  

10. Limit use to weekends 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 
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4 – Often 

5 – Always 

11. Avoid driving a car after using 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

13. Avoid using marijuana habitually (that is, every day or 

multiple times a week) 

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

14. Avoid using marijuana early in the day 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

15. Keep track of your costs to get an accurate picture of how 

much you spend on marijuana 

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

16. Avoid using marijuana for several days in advance of a 

big test, interview, performance, or other engagement for 

which you need to be crisp and are being evaluated 

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

17. Use a little and then wait to see how you feel before using 

more 

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

18. Avoid buying marijuana 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always  

19. Avoid using marijuana if currently taking any kind of 

prescription drug that might intensify the effects (e.g., 

0 – Never 

1 – Rarely 
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make you feel more tired) 2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

20. Avoid mixing marijuana with other drugs 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

21. Only use at night (that is, not during the day) 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

22. Stop using marijuana if you become anxious or paranoid 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

23. Avoid using marijuana in public places 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

24. Take periodic breaks if it feels like you are using 

marijuana too frequently 

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

25. Buy less marijuana at a time so you smoke less 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

26. Excuse yourself from the room if people are smoking 

marijuana and you feel uncomfortable or do not wish to 

be offered marijuana 

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 
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27. Avoid situations that you anticipate being pressured to 

use marijuana 

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

29. Avoid possibilities of legal repercussions (e.g., smoke in 

a safe place like home, avoid having marijuana with you 

where you might get searched, etc.)  

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

31. Take a break from using if feeling a loss of motivation 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

32. Only use when you know you have nothing important to 

do for the rest of the day/night 

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

33. Having a set amount of “times” you take a hit (e.g., 

passing on a shared joint if you have already hit that 

limit) 

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

34. Avoid using marijuana out of boredom 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

35. Avoid methos of using marijuana that can make you more 

intoxicated than you would like (e.g., using large bongs, 

volcano, “edibles,” etc.) 

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

36. Only use marijuana on private property 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 
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4 – Often 

5 – Always 

37. Pass on shared joints, bongs, etc. if already feeling high 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

39. Only use one time during a day/night 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

40. Avoid using marijuana in large gatherings or crowds 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

41. Limit the amount of marijuana you smoke in on sitting 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

43. Avoid using when feeling anxious (e.g., using to calm 

you down or stop worrying) 

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

45. Avoid using marijuana in concentrated forms (e.g., 

hashish, hashish/honey oil, kief, marijuana butter/oil, etc.) 

to avoid getting too high 

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

47. To decrease tolerance, take a break for a week or two, or 

take longer breaks than usual between use 

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

48. Use enough only to achieve a slight buzz or to avoid 

getting “too high” 

0 – Never 

1 – Rarely 
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2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

50. Avoid using marijuana before engaging in physical 

activity (i.e., exercise, hiking) 

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always  

3. Avoid mixing marijuana with alcohol 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

12.  Only purchase marijuana from a trusted source 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

 

30.  Use a vaporizer or other smokeless method to avoid 

carcinogens 

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

42.  If attending a party or going out to a social event (e.g., bar), 

decide in advance whether you want to use marijuana or not  

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

44.  Only use before special events (e.g., moves, converts) or on 

special occasions 

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

38.  Use eye drops so other do not known you have used 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 
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5 – Always 

1.  Only use marijuana after completing all of the day’s 

responsibilities.  

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

2. Use marijuana only among trusted peers 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

28.  Use only at home 0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

46.  Use higher potency marijuana so you can take less hits and 

avoid lung damage 

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 

49. Use your own marijuana (if alone or sharing with friends) so 

you know what you are using.  

0 – Never 

1 – Rarely 

2 – Occasionally 

3 – Sometimes 

4 – Often 

5 – Always 
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Appendix F  

Extended Proposed Analytic Plan 

Measurement Invariance 

 Measurement invariance will be conducted to determine whether PBS subscales 

and items function similarly across gender and using two sets of multi-group CFAs (e.g., 

Stevens, Blanchard, Shi, & Littlefield, in press; Treloar et al., 2014). Gender is one of the 

most consistent correlates of PBS use for alcohol (Pearson, 2013), and previous work 

indicates differential item functioning across gender for the PBSS-20 and PBSM 

(Pedersen et al., 2017; Treloar et al., 2015).  

 First, measurement models of each subscale will be modeled separately for 

individuals who identify as women and men, setting the variance and scale factors to 1, 

means to 0, and allowing all other parameters to be freely estimated. This will comprise 

the configural model to which the scalar model will be tested. Although metric invariance 

is typically the next step in establishing measurement invariance, this is not permitted 

with categorical indicators. Thus, scalar invariance will be tested next. To accomplish 

this, model factor loadings and thresholds will be constrained to equality across both 

groups, with both variances set to 1, mean set to 0 and scale factors set to 1 for group, 

while the mean and scale factors are freely estimated in the second group. Because 

change in model fit statistics is not recommended for categorical data, the DIFFTEST 

option in Mplus will be used to make model comparisons (Muthén & Muthén, 1998-

2017). Nonsignificant DIFFTEST results indicate measurement invariance. This will be 

done for all three subscales of the PBSS-20 and subscale(s) of the PBSM. Should the 

DIFFTEST for scale invariance be significant, partial scalar invariance will then be 

tested. To do this, items will be freed, one at a time, to determine which items contribute 
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most to group differences. Finally, overall scale measurement invariance will be tested 

via the scalar models with additionally constrained covariances compared to the 

configural model (Byrne, 2012).   
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Appendix G  

Psychometric Properties of PBS Assessments 

Psychometric Properties of PBS Assessments 

PBS Measure Sample Time Frame Response Options Factor Structure/ 

Psychometric Testing 

       Reliability 

Self-Control Questionnaire (SCQ) 

(Werch & Gorman, 1986) 

College students 

and faculty 

(N = unknown) 

N/A (1) Never to  

(4) Often 

7 External Factors/ 

3 Internal Factors 

PCA 

Ext α = .96 

INT α = .83 

6 mo. T/R = .95 

Modified SCQ 

(Werch, 1990) 

465 college 

students 

N/A (1) Never to (5) 

Always 

External Factors only 

“Rationally derived” 

     Split-half = .85 

National College Health 

Assessment Items 

(e.g., Haines et al., 2006) 

26,685 -105,781 

college students 

Past-year (1) Never to  

(5) Always 

1-2 Components 

PCA 

Total α = .73-.95                  

Campus Alcohol Survey Items        

(e.g., Benton et al., 2004) 

 

16,748 college   

students 

Past-year (1) Never to  

(6) Always 

1-2 Components 

PCA 

Total α = .96 

 

Strategy Questionnaire (SQ) 

(Sugarman & Carey, 2007) 

247 college 

students 

Past 2 weeks 0, 1, 2-3x, 4-5x, 6-

10x, >10x 

3 Components 

PCA 

SA α = .80 

SWD α = .82 

ATD α = .76 

Protective Behavioral Strategy 

Measure (PBSM)  

(Novik & Boekelo, 2011)  

320 college 

students 

Since fall 

semester 

(0) Never to  

(4) Always 

2 Factors 

EFA 

Limits α = .83 

Avoids α = .83 

Protective Behavioral Strategy 

Survey (PBSS) 

(Martens et al., 2005) 

437 college 

students 

N/A (1) Never to  

(5) Always 

3 Factors 

EFA/CFA/ 

Measurement Invariance 

SLD α = .81 

MOD α = .73 

SHR α = .63 

3 mo. T/R = .60-.61 
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PBSS-R 

(Madson et al., 2013) 

 

708 college 

students 

 

N/A 

 

(1) Never to  

(6) Always 

 

2 Factors 

CFA/Measurement 

Invariance 

 

CC α = .90 

SHR α = .79 

 

PBSS-20 

(Treloar et al., 2015) 

 

1206 college 

students 

 

N/A 

 

(1) Never to  

(6) Always 

 

3 Factors 

EFA/CFA/ 

Measurement Invariance 

 

SLD α = .88 

MOD α = .85 

SHR α = .86 

1 mo. T/R =.59- .67 

 

Protective Strategies 

Questionnaire (PSQ) 

(Palmer, 2004) 

 

(N = unknown) 

 

N/A 

 

(0) Never to  

(6) Always 

 

Unknown 

Unknown 

 

Total α = .91 

 

 

Modified PSQ  

(DeMartini et al., 2013) 

 

370 college 

students 

168 clinical 

N/A  

(1) Never to  

(7) Always 

 

2 Factors 

(Direct and Indirect) 

PCA/EFA/CFA 

Measurement Invariance 

 

College α = .84 

Clinical α = .77 

 

 

Women’s Peer-directed 

Protective Strategies 

(Armstrong et al., 2014) 

 

Protective Behavioral             

Strategies for Marijuana 

(Pedersen et al., 2016, 2017) 

 

Protective Behavioral 

Strategies for Marijuana- 

Short Form 

(Pedersen et al., 2017) 

 

 

422 college 

women and 

general public 

 

210 college 

students 

 

 

2117 college 

students 

 

 

N/A 

 

 

 

         N/A 

 

 

         

        N/A 

 

 

 

 

(1) Not at all to 

 (6) Always 

 

 

(1) Never to  

(6) Always 

 

 

(1) Never to  

(6) Always 

 

 

2 Components 

PCA 

 

 

1 Component 

PCA 

 

 

1 Factor 

EFA/CFA 

IRT/DIF 

 

PHM α = .87 

PIA α = .81 

 

 

39-item α = .95 

  36-item MR = .97 

 

 

17-item MR = .93 

Note: T/R = Test/retest reliability; PCA = Principal Components Analysis; EFA = Exploratory Factor Analysis; CFA = Confirmatory Factor 

Analysis; IRT = Item Response Theory; DIF = Differential Item Functioning; MR = Marginal Reliability; SA = Selective Avoidance; SWD = 

Strategies While Drinking; ATD = Alternatives to Drinking; SLD = Stopping/Limiting Drinking; MOD = Manner of Drinking; SHR = Serious 

Harm Reduction; CC = Controlled Consumption; PHM = Peer-direct Harm Minimisation; PIA = Peer-directed Intoxication Avoidance. 


