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Abstract

Objective: Brief computer-delivered interventions (CDIs) reduce college student drinking and 

related problems but can be less efficacious and enduring than in-person interventions. The current 

study examined: (a) the utility of emailed personalized boosters after an evidence-based online 

CDI for alcohol (i.e., e-CHECKUP TO GO), and (b) the added value of including protective 

behavioral strategies (PBS) in boosters containing personalized normative feedback (PNF) versus 

PNF alone.

Method: 528 young adult (ages 18–24) college drinkers (71.6% female; 52.5% Black, 40.3% 

White) with a mean age of 19.9 years (SD = 1.65) were randomized to receive: CDI-only; CDI 

plus a PNF-only booster; or CDI plus a booster containing both PNF and PBS feedback. Booster 

emails were sent 2 weeks post-intervention. Online surveys completed pre-intervention and at 1 

and 3 months assessed alcohol consumption, problems, descriptive normative perceptions, and 

PBS use.

Results: The CDI led to significant reductions in alcohol consumption across all conditions, 

with no effect of boosters on drinking. Controlling for quantity, no reductions in problems were 

observed. Descriptive norms reduced significantly, with no condition differences. Only PBS use 

showed condition effects, such that the CDI-only and PNF-only booster groups reported reduced 

PBS use at 1 month, but the norms-plus-PBS booster group did not.

Conclusions: The CDI was sufficient to change alcohol consumption and perceived norms 

without boosters, although the inclusion of boosters with PBS feedback may mitigate against PBS 

use reductions. Longer follow-ups may detect delayed booster benefits, or a larger dose through 

repeated exposure over time may be needed.
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College student heavy episodic drinking is pervasive and problematic (Hingson et al., 2017; 

SAMHSA, 2020). College students who engage in heavy episodic drinking increase their 

risk for experiencing negative consequences (Conway & DiPlacido, 2015; Patrick et al., 

2020). Brief online alcohol interventions, commonly called computer-delivered interventions 

(CDIs) can be far-reaching and have demonstrated efficacy for reducing college drinking 

and related problems, but they can be less efficacious and enduring than their in-person 

counterparts (Carey et al., 2009, 2012). Boosters have shown promise as a way to strengthen 

and extend the effects of brief interventions (Braitman & Henson, 2016; Braitman & 

Lau-Barraco, 2018; Tahaney & Palfai, 2017), but further examination is needed as to 

what content is most effective. Norms have a robust association of change with brief 

interventions and boosters, but the findings from studies that have included protective 

behavioral strategies (PBS) are mixed (Braitman & Lau-Barraco, 2020; Reid & Carey, 

2015). The current study aimed to: (1) evaluate whether emailed boosters were effective 

after an efficacious evidence-based online alcohol intervention, given that prior research has 

only validated them after an online intervention with less empirical support (Braitman & 

Henson, 2016; Braitman & Lau-Barraco, 2018), (2) examine the added benefit of including 

PBS in a booster incorporating personalized normative feedback (PNF) versus a PNF 

booster alone, and (3) evaluate the impact of the boosters on the proximal outcomes of 

descriptive norms and PBS use.

Brief Alcohol Interventions

A myriad of brief alcohol interventions have been used across campuses nationwide showing 

promising effects in regards to reducing problematic drinking and related problems (for 

systematic reviews and meta-analyses, see Carey et al., 2009, 2012; Hennessy et al., 2019; 

Moreira et al., 2009; Samson & Tanner-Smith, 2015). In general, prior meta-analytic studies 

that compared brief alcohol interventions delivered in-person versus remotely or online have 

found that in the short-term (i.e., 6/13 weeks or less) both types of intervention modalities 

yielded small effect sizes on alcohol consumption and related problems. These effects 

were maintained longer term only for the in-person interventions (27+ weeks; Carey et 

al., 2012; Cole et al., 2018), which typically consisted of brief motivational interventions 

(BMIs; single-session, feedback interventions conducted in motivational interviewing style). 

Given that effects of brief online interventions are not as strong or long-lasting as in-person 

interventions, it is important to explore how to increase their effectiveness.

One well-supported and widely used brief online intervention is eCHECKUP TO GO (San 

Diego State University Research Foundation, 2018). This evidence-based intervention can 

be customized with institution-specific information (e.g., adding campus-specific social 

norms data and resources) and the feedback is personalized for each participant (e.g., 

personalized BAC chart, reported health and personal consequences, health and wellness 

goals, family risk factors). eCHECKUP TO GO has been effective at reducing alcohol-

related outcomes, as demonstrated repeatedly in college samples, with significant reductions 

in alcohol outcomes compared to assessment-only controls 1 month later (Hustad et al., 

2010), 8 weeks later (Walters et al., 2007), and 3 months later (Doumas et al., 2011; 

Doumas & Anderson, 2009). A recent network meta-analysis found eCHECKUP TO GO 

to be the most efficacious completely computerized brief alcohol intervention for short-term 
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reductions in frequency of heavy drinking (i.e., could be delivered online or via CD-ROM, 

but no required in-person component, including Alcohol 101/101 Plus, AlcoholEdu, Check 

Your Drinking, College Drinker’s Check-up, and Tertiary Health Research Intervention 

via Email [THRIVE]; Hennessy et al., 2019). However, longer-term (3–6 months) alcohol 

consumption was not significantly reduced, making this intervention an ideal target for 

boosters to strengthen and extend intervention effects.

Boosters after Brief Alcohol Interventions

Boosters have emerged as a promising method to increase intervention efficacy or prolong 

the duration of intervention effects (e.g., Braitman & Henson, 2016; Meshesha et al., 2020; 

Tahaney & Paulfai, 2017). Boosters are brief, delayed follow-up sessions designed to target 

the same behavior. The content can be novel, or reminders of information provided in the 

original intervention. The modality may be similar or different to the original intervention 

(e.g., intensive in-person sessions versus text or email). Boosters have the potential to 

reinforce key program components when their effects are starting to decay. Boosters have 

been successfully implemented to enhance alcohol outcomes, yielding long-term effects in 

treatment-seeking (e.g., Mendoza et al., 2012; Meshesha et al., 2020; Walitzer & Connors, 

2007) and community-based non-treatment-seeking (Field et al., 2014; Longabaugh et al., 

2001; Mello et al., 2005; Monti et al., 2007; Wurdak et al., 2016) samples. Although 

boosters appear to show promise with these samples, their application to enhance the impact 

of brief alcohol interventions with college students has been limited.

To date, few studies have assessed the unique impact of adding boosters to a brief 

intervention targeting college drinking. Many of these studies have focused on reducing 

problematic college drinking among specific populations such as alcohol-mandated students 

(Barnett et al., 2007; Carey et al., 2018; Linowski et al., 2016; Suffoletto et al., 2016), 

or fraternity members (Caudill et al., 2007). However, a limited number of studies 

have examined boosters in general college drinking samples (Braitman & Henson, 2016; 

Braitman & Lau-Barraco, 2018; Neighbors et al., 2010; Tahaney & Palfai, 2017; Wood et 

al., 2010). These will be summarized next.

Boosters among High-Risk College Drinkers

Three studies have focused on the effects of boosters among mandated students, with 

boosters consisting of electronically-delivered PNF three months later (Linowski et al., 

2016), 12 emails delivering PNF across 6 weeks (starting one month post-intervention; 

Carey et al., 2018), or more time with the intervention one month later (25 additional 

minutes of in-person motivational interviewing or 25 additional minutes with the Alcohol 

101 program; Barnett et al., 2007). These studies found no changes in overall consumption 

(Barnett et al., 2007; Carey et al., 2018; Linowski et al., 2016), with one study even 

finding a small but significant increase in alcohol-related problems for those in the booster 

condition (Carey et al., 2018). Thus, the evidence indicates that mandated students do not 

demonstrate further reductions in alcohol consumption after receiving a delayed booster, 

regardless of whether the original intervention was an in-person motivational intervention 

(Barnett et al., 2007; Carey et al., 2018; Linowski et al., 2016) or computer-delivered alcohol 
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education (Alcohol 101 delivered via CD-ROM; Barnett et al., 2007). These findings suggest 

that interventions delivered to mandated students are effective, and no additional benefit is 

derived from adding booster sessions.

In another study of high-risk drinkers, fraternity members were block randomized into three 

conditions: assessment-only control, intervention only (a three-hour in-person skills-based 

training), or intervention plus booster sessions (Caudill et al., 2007). The booster sessions 

consisted of two 90-minute in-person sessions 5 and 11 months later that repeated the 

intervention content. Both active conditions reported reduced consumption at the 6-month 

follow-up, but these reductions were not maintained over time. Those in the booster 

condition showed stronger reductions, but only if they were frequent heavy drinkers at 

baseline. These mixed findings suggest that boosters may hold promise to curb problematic 

drinking among high-risk groups (such as frequent heavy drinkers), but further refinement of 

booster content may be necessary to increase efficacy among other drinkers.

Boosters among General College Drinkers

Five studies have examined boosters in general college drinker samples (Braitman & 

Henson, 2016; Braitman & Lau-Barraco, 2018; Neighbors et al., 2010; Tahaney & Palfai, 

2017; Wood et al., 2010). Wood et al. (2010) randomized incoming students to receive 

an in-person brief motivational intervention (BMI) or not, and to receive a parent-based 

intervention or not. Both interventions incorporated booster sessions that consisted of 

content similar to the initial intervention. Students who received a BMI were less likely to 

initiate heavy episodic drinking or alcohol-related problems at follow-up. However, because 

there was no intervention-only group that received the original intervention but no booster, 

it was not possible to make conclusions about the effectiveness of the booster sessions 

specifically.

In a study examining text message boosters after the online program eCHECKUP TO GO 

(Tahaney & Palfai, 2017), college students were randomized to one of three conditions: 

assessment-only control, intervention only, or intervention plus daily text message boosters 

for one month (re-iterating the content from eCHECKUP TO GO), starting immediately 

after completing the intervention. Those who received the text message boosters reported 

less weekend drinking at the 1-month follow-up than the other groups. They also reported 

fewer heavy drinking episodes than the assessment-only control, whereas the intervention 

only condition did not, suggesting the value of intensive boosters. However, the conditions 

did not differ on alcohol-related problems.

The remaining three studies with general college drinkers provided support for including 

information on descriptive norms as a central part of the booster content (Braitman & 

Henson, 2016; Braitman & Lau-Barraco, 2018; Neighbors et al., 2010). Descriptive norms 

(i.e., an individual’s perceptions of how much other referent groups perform a behavior) are 

a strong predictor of alcohol use (Borsari & Carey, 2003), and successful interventions often 

include personalized normative feedback (PNF; Cole et al., 2018). PNF involves providing 

students with feedback about how their drinking compares with a referent group (e.g., 

typical student at their school). PNF has been efficacious when delivered both in-person or 
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online (Moreira et al., 2009), and is a robust mechanism of post-intervention change when 

the PNF provides specific referents rather than generic (Reid & Carey, 2015).

Not surprisingly, findings from studies that provided PNF as part of their boosters have been 

promising. Neighbors et al. (2010) conducted a study with a 2 (PNF type: gender-specific 

versus not) x 2 (number of administrations: once versus four times over two years) + 

1 (attention control condition) design. The PNF provided included information regarding 

participant own drinking behavior, participant perceptions of other students’ drinking 

behavior on the same campus, and other students’ self-reported drinking behavior in text 

and bar graph formats. The condition that received gender-specific PNF four times over 

two years (at baseline, plus 6, 12, and 18 months later) observed significant reductions in 

drinking compared to the control group. These reductions were not significantly different 

from those in the control group for those who had only received the gender-specific PNF 

only once, or for those whose PNF was not gender-specific. The repeated administrations 

of PNF could be conceived of as a multi-session intervention (PNF sent four times), 

but given the amount of time that passed between the administrations of the PNF (6 

months), it is more likely the later PNF administrations served as boosters. These findings 

suggest receiving delayed reminders of relevant information (i.e., boosters) may help college 

drinkers maintain drinking reductions, particularly when the information is tailored to salient 

referent groups.

The two remaining studies with non-mandated college drinkers both incorporated gender-

specific PNF and protective behavioral strategies (PBS; strategies individuals use to 

moderate their drinking; Martens et al., 2004; Sugarman & Carey, 2007). Braitman and 

Henson (2016) randomized college drinkers to receive an online intervention (i.e., Alcohol 

101 Plus) only or the same intervention plus an emailed feedback booster two weeks 

later. Alcohol 101 Plus has mixed empirical support; as reviewed in Braitman and Henson 

(2016), only four out of seven studies examining Alcohol 101 found it yielded reductions 

in alcohol use and/or problems. Tailored booster content consisted of both PNF (percentage 

of male/female students [gender-matched] at that same institution that drink less than the 

participant) and reminders of PBS (reported as previously used versus not). For those who 

had received the booster, reductions in several risky consumption variables were observed at 

Week 4 when compared to the intervention-only control condition. Baseline levels of PBS 

moderated the booster effect such that alcohol consumption reductions post-booster were 

greater for students who had been practicing fewer PBS prior to the study start, suggesting 

PBS feedback may play an important role in the utility of the booster for those not already 

engaged in regular use of PBS.

In a subsequent study, Braitman and Lau-Barraco (2018) utilized the same intervention 

and similar personalized boosters (including PNF [average weekly consumption of male 

and female students at that same institution] and reminders of PBS reported as previously 

used versus not), adding an assessment-only control and following participants for up to 9 

months post-intervention. The booster email was sent two weeks post- intervention. In the 

full sample, the intervention plus personalized booster condition did not reduce consumption 

more than control. However, moderation analyses revealed that the booster was effective in 

reducing both alcohol consumption and problems for students who were of legal drinking 
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age (ages 21–24), compared to intervention-only and assessment-only controls. A follow-

up examination revealed that descriptive norms mediated these post-booster reductions in 

drinking, but PBS did not (Braitman & Lau-Barraco, 2020), suggesting the PNF may 

have been more effective than the PBS feedback. Research support for PBS as a post-

intervention mechanism of change is mixed. Reid and Carey (2015) found in their review of 

mechanisms of change for college drinking interventions that half of studies that examined 

PBS supported it as a mediator of intervention efficacy. Researchers have noted lingering 

measurement issues regarding PBS (see Prince et al., 2013), and studies have demonstrated 

that changing response options for these measures can dramatically change associations with 

alcohol consumption (Braitman et al., 2015; Kite et al., 2013). A comparison of receiving 

PBS feedback as part of the booster versus not would provide a more direct examination of 

the utility of PBS feedback.

In summary, the evidence most supportive of booster efficacy comes from general student 

population samples. However, content of both the primary brief intervention (eCHECKUP 

TO GO and Alcohol 101 Plus) and the boosters has varied. Notably, a promising booster 

(PNF plus PBS feedback) has only been tested after Alcohol 101 Plus, an intervention that 

allows participants to navigate freely through the content and does not necessarily provide 

tailored feedback. Furthermore, a recent network meta-analysis found non-significant effect 

sizes for Alcohol 101 Plus compared to controls across all indicators of alcohol consumption 

examined (Hennessy et al., 2019). In contrast, eCHECKUP TO GO is considered to be 

the most efficacious computer-delivered brief alcohol intervention (i.e., could be delivered 

online or via CD-ROM, but no in-person component; Carey et al., 2016; Hennessy et al., 

2019). A stringent test of the value of boosters would involve an efficacious preliminary 

intervention (eCHECKUP TO GO), and a systematic evaluation of booster content.

The Current Study

The current study sought to examine: 1) the utility of emailed personalized boosters after 

receiving an evidence-based online intervention for alcohol, commonly referred to as a 

computer-delivered intervention (CDI; i.e., eCHECKUP TO GO), 2) the added value of 

harm reduction strategies (i.e., PBS) to norms-focused boosters (i.e., PNF) versus PNF 

alone, and 3) if the boosters impacted the intended proximal outcomes of descriptive norms 

and PBS use. Participants were assigned to receive: CDI-only; CDI plus a booster containing 

PNF alone; or CDI plus a booster containing both PNF and PBS feedback. Given the booster 

has yielded significantly greater alcohol reductions in prior studies (up to 1 month, Braitman 

& Henson, 2016; up to 9 months for legal age drinkers, Braitman & Lau-Barraco, 2018), we 

hypothesized that participants who received either booster would have greater reductions in 

drinking and related problems than those who receive only the CDI. Considering the mixed 

findings that a booster containing PBS feedback was effective at reducing drinking only 

for those low in PBS use at baseline (Braitman & Henson, 2018) suggesting the utility of 

PBS feedback, but that PBS did not serve as a mediator of booster efficacy and was not 

impacted by the booster (Braitman & Lau-Barraco, 2020), a comparison of the conditions 

receiving PNF alone versus PNF and PBS feedback in the emailed boosters will serve as 

a more direct examination of the utility of PBS feedback in boosters. Finally, due to prior 

findings that emailed booster feedback containing norms and PBS was significantly more 
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effective for legal age college drinkers (ages 21–24) than underage college drinkers (ages 

18–20; Braitman & Lau-Barraco, 2018), and was more effective for those lower in PBS use 

at baseline (Braitman & Henson, 2016), legal drinking status by age and PBS use at baseline 

were explored as a potential moderators of booster efficacy as an exploratory aim of the 

study.

Method

Participants

Participants were students enrolled at a large, southeastern public university. To be eligible, 

participants must have been between the ages of 18–24, and consumed at least one 

alcoholic beverage in the previous 2 weeks. Potential participants were recruited through 

both an undergraduate psychology research pool (75.9%) and student announcement emails 

sent to the general study body (24.1%). Of the 545 students that completed the baseline 

questionnaire, 13 were excluded due to ineligibility (i.e., alcohol consumption and age) and 

4 were excluded for not following the protocol. The final sample included 528 participants 

(71.6% female) with a mean age of 19.9 years (SD = 1.65). Participants could endorse more 

than one race; 52.5% identified as Black, 40.3% as White, 9.7% as Asian or Pacific Islander, 

3.6% as Native American, and 11.9% reported more than one race.. For compensation, 

participants in the research pool had their choice of either research credits or a $20 gift 

card. Participants from the general student body were compensated with the gift card. 

All participants received a $10 gift card for each follow-up survey they completed, and a 

$10 bonus gift card if they completed both follow-up surveys, for a maximum of $50 (if 

monetary compensation was chosen for the baseline protocol, and both follow-up surveys 

were completed).

Procedure

Participants came to the research lab for the baseline session. After consenting to participate, 

they completed an online survey where they were randomly assigned to study condition. 

Next, they completed the alcohol-focused online prevention and intervention program, 

eCHECKUP TO GO (San Diego Research Foundation, 2018). Participants were randomized 

into one of three intervention groups, stratified by gender: 1) no booster received (CDI-only 

control), 2) norms-only booster, or 3) norms-plus-PBS booster. The content of both the 

intervention and booster emails are described in more detail below. Boosters were sent via 

email two weeks after baseline participation. Emails were signed from a gender-matched 

research staff member. In the baseline survey, participants were asked to select their 

gender from three options: male, female, and other. As anticipated, not many participants 

selected other (n = 1), so rather than creating a separate stratification for this group, they 

were included with the female stratification and gender-matching emails. Thus, the groups 

represented male versus not male. Participants then received links to the follow-up surveys 

1 and 3 months after baseline. Attrition rates were similar for all groups (see Figure 1), 

with retention ranging from 65%−69% across condition at the 1-month assessment, and 

from 55%−59% at the 3-month assessment. Study enrollment began in April 2017 and 

ended in December 2017, with the final follow-up assessment completed in April 2018. 

The trial was approved by the university’s Institutional Review Board and registered on the 
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clinicaltrials.gov website (The trial was approved by the university’s Institutional Review 

Board and registered on the clinicaltrials.gov website.).

Materials

Intervention—The eCHECKUP TO GO program is an online CDI in which participants 

first answer questions about their drinking behaviors (including how much they typically 

spend, what they like about alcohol, perceptions of peer use), as well as how they like 

to spend their time and goals they have. The program then provides participants with 

personalized feedback regarding their alcohol consumption, including information such as 

a tolerance level, a profile of how their alcohol use compares to others (PNF), personal 

risk factors and costs, and how alcohol use hinders their goals. Participants are provided a 

tolerance level that is estimated using the participant’s peak monthly BAC with feedback 

about whether this reflects low, medium, or high risk for alcohol dependence. In addition, 

participants select goals related to their health and fitness, relationships, career and life 

goals, and self-esteem as well as what they could do meet their goals. Then, participants 

selected things they could decrease or take out of their life completely, such as feeling bad 

about themselves due to drinking or being hung over. As part of this feedback review, after 

being reminded of some of their goals and aspirations, participants select PBS they may 

engage to change their alcohol consumption.

Booster—The norms-only booster included feedback and corrections on descriptive 

normative perceptions reported in the initial survey (i.e., PNF). The norms-plus-PBS booster 

included this same PNF, plus reminders of harm reduction strategies (PBS; e.g., “Choose to 

avoid situations where heavy drinking is likely”) presented separately for those they reported 

and those they might consider starting to use. The PNF used institution-specific data from 

the CORE Institute’s Alcohol and Drug Survey, separated by gender. The feedback provided 

participants with a colorful bar graph and accompanying text that compared: a) their 

reported typical weekly consumption, b) their normative perceptions (i.e., what they think 

their close friends and other typical students at their university consume), c) the average 

consumption of actual male and female students at their university, and d) the percentage 

of gender-matched students at their university who drink less than them. These norms 

provided in the booster email are more specific to the participant than what was provided 

in the intervention (reminder of their own reported consumption, and percentage of men/

women in the U.S. who drink less than them). To standardize contact across conditions, the 

intervention-only control group received an email with no alcohol-focused content, thanking 

them for their participation so far and reminding them of the upcoming follow-up survey. 

Due to a coding error, we could not determine if/which emails were read.

Survey

Alcohol Consumption.: A modified version of the Daily Drinking Questionnaire (DDQ; 

Collins et al., 1985) was used to assess typical alcohol consumption for the past 30 days. 

Using a grid, with columns corresponding to each day of the week, participants reported the 

number of standard drinks they typically consumed each day of a typical week, as well as 

the number of hours they were drinking. Quantity reflects the sum of drinks and frequency 
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reflects the total number of drinking days in a typical week. Peak drinks reflect the highest 

number of drinks reported for a single day within a typical week.

Alcohol Consequences.: The Young Adult Alcohol Consequences Questionnaire (YAACQ; 

Read et al., 2006) is a 48-item questionnaire that assesses consequences related to alcohol 

use for the prior 30 days. Number of consequences reported by a participant are summed 

for a total score. The scale had good internal consistency at all three assessments (α = .90 – 

.92).

Norms.: Descriptive normative perceptions were assessed by asking participants how many 

drinks they believe are consumed each day of a typical week by a typical male student and 

typical female student at the same institution, as well as close friends. For the current study, 

total drinks across the week were summed to reflect perceived quantity for each referent. 

A single norms score was created by summing typical male and typical female student 

reports. Although separate items were used to assess norms for typical male and typical 

female students to match the feedback delivered as part of the booster, a single variable was 

created to represent typical student norms because our hypotheses were not gender specific. 

We chose to use this approach for reasons of parsimony, as well as to keep the number of 

analyses (and likelihood of a Type I error) low.

Protective Behavioral Strategies.: The Strategies Questionnaire (Sugarman & Carey, 

2007) is a 21-item scale assessing behaviors employed to reduce or control drinking and 

related harms. There are three subscales: selective avoidance, strategies while drinking, 

and alternatives to drinking. The first two subscales are contingent on drinking, whereas 

alternatives to drinking reflects engaging in behaviors instead of consuming alcohol. 

Consistent with recommendations (Braitman et al., 2015), the response scale was modified 

to reflect exact frequency. Sums for the selective avoidance and strategies while drinking 

subscales were divided by number of drinking days to reflect drinking-contingent frequency, 

whereas the sum for alternatives to drinking was not. A total score was calculated by 

summing each of the adjusted subscale scores (Braitman et al., 2015). This scale had 

excellent internal consistency at all assessments (α = .93 – .97).

Demographics.: Participants were asked to self-report demographic information such as 

their age, gender, race/ethnicity, and class standing.

Analysis Approach

The data were analyzed using latent growth modeling within a structural equation modeling 

framework. Separate models were conducted for each alcohol outcome: quantity, frequency, 

peak drinks, and alcohol-related problems. Piecewise slopes were used to capture initial 

reductions to month 1 (i.e., does the booster strengthen intervention effects; slope 1) and 

maintenance to month 3 (i.e., does the booster extend the effects of the intervention; 

slope 2). Piecewise growth can isolate and examine an important segment of time and 

summarize important aspects of change (Duncan, Duncan, & Strycker, 2006), such as in 

our examination separating immediate change after the booster (slope 1) from longer-term 

maintenance (slope 2). Condition served as a predictor of each latent variable (latent 
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intercept, slope 1, and slope 2), and was dummy coded across two variables to directly 

address the aims of the project. To examine the utility of the emailed boosters after 

completing the evidence-based online CDI (Aim 1), groups were coded as either receiving 

a booster (1) or not (0). Thus, the booster variable served to compare the two booster 

conditions to the intervention-only condition. To examine the added value of harm reduction 

strategies as compared to norms-only emailed boosters (Aim 2), condition was also dummy 

coded to reflect receiving feedback about PBS (1) or not (0), directly testing Aim 2. 

Thus, with regard to the factors booster and PBS feedback, the intervention-only control 

condition was coded as (0, 0), the norms-only booster condition was coded as (1, 0), 

and the norms-plus-PBS booster condition was coded as (1, 1). Given that descriptive 

drinking norms were targeted in both booster conditions, and PBS use was targeted in the 

norms-plus-PBS feedback booster condition, the proximal outcomes of descriptive norms 

and PBS use were explored for differences in growth trajectories across conditions. Models 

identical to the main study outcomes were conducted for these proximal outcomes (e.g., 

piecewise latent growth models, with condition as a predictor dummy coded across two 

variables). All models were conducted in Mplus (version 8.3; Muthén & Muthén, 1998–

2019) using maximum likelihood estimation, and controlling for gender. The model for 

alcohol-related problems controlled for alcohol quantity as a time-varying covariate (e.g., 

problems at month 1 controlled for alcohol quantity at month 1). These analyses assume 

normally distributed outcomes; thus for any outcomes that demonstrated non-normality, 

competing approaches to model this were all explored (e.g., variable transformation versus 

specifying a different distribution), with the best-fitting model for the data chosen.

Given prior findings that emailed booster feedback containing PNF and PBS was 

significantly more effective for select groups (i.e., those lower in PBS use [Braitman & 

Henson, 2016], legal age drinkers [Braitman & Lau-Barraco, 2018]), we explored potential 

moderators of booster efficacy. Legal drinking status by age (coded as 1 = age 21–24 [legal], 

0 = age 18–20 [underage]) and baseline PBS use (in its original continuous metric) were 

explored as potential moderators. For each outcome, two additional models were conducted 

(one for each moderator). The moderator was added as a predictor of each latent factor 

(latent intercept, slope 1, and slope 2). Two interactions terms were created to capture the 

interaction with condition, dummy coded across two variables: the interaction between the 

moderator and booster, and the interaction between moderator and PBS feedback. These 

interaction terms were also included as predictors of each latent factor. Thus, the outcome 

at baseline and change over time were predicted by condition, the moderator, and the 

interaction between the two, controlling for relevant covariates.

Results

At baseline, 13.8% of the sample (n = 73) reported drinking one day in the past 30 days, 

whereas 70.6% of the sample (n = 373) reported engaging in heavy episodic drinking in the 

past 30 days (49.6% [n = 262] reported doing this more than once). On average, participants 

reported consuming 7.7 drinks in a typical week with a peak of 3.8 drinks in one day at 

baseline, but reduced to 4.9 drinks in a typical week with a peak of 2.6 drinks in one day 

one month later. See Table 1 for descriptive information for alcohol use and problems for 
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each timepoint by condition, including effect size estimates for within-person change from 

baseline to the 3-month follow-up by condition.

Normality was confirmed for all outcomes except drinking quantity and alcohol-related 

problems. To address this, the models for quantity and problems were analyzed three 

ways: with natural log transformations of the outcomes to reduce positive skew, specifying 

a Poisson distribution, and specifying a negative binomial distribution. Model fit was 

substantially better (i.e., lower AIC and BIC values) for the log transformed outcomes, 

so these were chosen as the final models for these outcomes. Boxplots confirmed no extreme 

values for frequency, quantity (transformed), or alcohol-related problems (transformed). 

Extreme values were winsorized for peak drinks, PBS, and descriptive norms. A series 

of chi-square analyses and t-tests revealed that attrition for the follow-up surveys was 

significantly associated with select baseline characteristics. Those who did not complete the 

follow-up surveys reported significantly greater weekly quantity at baseline by 1.30 drinks, 

t(520) = 3.35, p = .001, drinking more frequently by 0.24 days per week, t(520) = 3.35, 

p = .001, and higher quantities consumed on their peak drinking occasions by 0.87 drinks, 

t(520) = 3.35, p = .001. In addition, attrition was higher for male participants (44.3%) 

versus female participants (28.3%), χ2(1) = 12.39, p < .001. Attrition was unrelated to 

alcohol-related problems, descriptive norms, PBS use, and age. These associations suggest 

the data are Missing At Random, and controlling for gender combined with the use of 

full information maximum likelihood estimation should yield unbiased results (Hallgren & 

Witkiewitz, 2013; Witkiewitz et al., 2014).

Alcohol Consumption

The results of all latent growth models are presented in Table 2. The columns represent 

each part of the latent growth model (baseline levels of the outcome, slope 1 [growth 

to month 1], and slope 2 [growth to month 3]). The rows represent the intercept of that 

latent variable, and then how it was impacted by condition (defined across two variables 

as booster receipt, and the additional PBS feedback). As seen in Table 2, surprisingly, 

conditions differed at baseline. For all three consumption outcomes, the booster variable 

reflects that the intervention-only control condition began the study with significantly higher 

quantity, frequency, and peak drinks. For both frequency and peak drinks, the norms-plus-

PBS feedback booster condition started significantly higher than the norms-only booster 

condition.

Regarding changes over time, there were significant reductions in consumption (quantity, 

frequency, peak drinks), with the intercepts for slope 1 being negative and significant for 

each outcome. Quantity was reduced by 0.42 (or 1.52 standard drinks in the original metric), 

frequency was reduced by 0.57 days, and peak drinks were reduced by 0.94 standard 

drinks. In addition, frequency of alcohol use remained relatively low (growth to month 3 

being represented with negligible value for slope 2); quantity and peak drinks both reflect 

continued reductions through month 3 (i.e., significant negative slope 2 intercepts). Quantity 

was further reduced by 0.25 (or 1.28 additional standard drinks in the original metric, for a 

total reduction of 2.8 drinks), and peak drinks were reduced by an additional 0.76 standard 

drinks, for a total reduction of 1.72 drinks. Condition had no significant impact on slopes 
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1 or 2 in any of the models, indicating no booster effects. These significant reductions over 

time and the differences at baseline can be seen in Figure 2, panels a-c.

Alcohol-Related Problems

As seen in Table 2, there were no significant changes in alcohol-related problems over 

time, after controlling for drinking quantity. Moreover, condition did not significantly impact 

slopes 1 or 2.

Moderation

Legal drinking status by age and baseline PBS use were both explored as potential 

moderators of booster efficacy, in separate models for each of the 4 outcomes. In each 

case, the interaction between condition and the moderator was not a significant predictor 

of growth over time, meaning the findings were not moderated by legal drinking age or 

baseline PBS use. Results available upon request.

Booster Feedback Content

Descriptive drinking norms were targeted in both booster conditions, and PBS use was 

targeted in the norms-plus-PBS feedback booster condition. Therefore, the proximal 

outcomes of descriptive norms and PBS use were explored for differences in growth 

trajectories across conditions. Models were conducted identical to the main study outcomes 

(e.g., piecewise latent growth models, with condition as a predictor dummy coded across 

two variables, controlling for gender). As seen in Table 2, there were significant reductions 

in perceptions of descriptive norms for the alcohol use of a typical student at the same 

institution. The intercept for slope 1 was negative and significant, indicating norms were 

reduced by 5.34 weekly drinks by month 1. However, the intercept for slope 2 was 

significant and positive, indicating a slight increase (of 1.68 drinks) by month 3. As seen 

in panel (a) of Figure 3, there was a slight rebound, but not to original pre-intervention 

levels. These reductions did not differ across condition (i.e., no booster effects). Although 

the booster explicitly challenged descriptive normative perceptions, the intervention did so 

as well.

Significant reductions in PBS use were observed in the control group, as evidenced by 

a slope 1 being negative and significant in Table 2. Similarly, the significant negative 

coefficient for booster indicates the norms-only booster group had even stronger reductions 

in PBS use. However, the group that received the booster with norms-plus-PBS feedback 

did not initially reduce their PBS use, as evidenced by a significant positive coefficient for 

PBS feedback. The significant, negative intercept for slope 2 indicated PBS use continued 

to reduce through month 3. There were no slope 2 differences across condition, so the 

differences at month 1 across conditions were maintained, as seen in panel (b) of Figure 3.

Discussion

The overall goal of the present study was to test the unique impact of boosters in extending 

the effects of an empirically-supported online CDI in a sample of college drinkers. Our 

findings showed that the eCHECKUP TO GO program led to significant reductions in 
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alcohol consumption (i.e., alcohol quantity, frequency, and peak drinks) across all three 

conditions (i.e., CDI-only, CDI plus a norms-only booster, CDI plus a norms-plus-PBS 

booster). However, all three conditions produced equivalent drinking reductions at 1- and 

3-months after the intervention, suggesting a lack of booster effects on drinking outcomes 

beyond the impact of the base intervention. Further, there were no changes in alcohol-

related problems over time, after controlling for drinking quantity. To inform whether 

the intervention and follow-up boosters were impactful for particular drinkers, moderator 

variables were examined. There were no moderation effects for age (under 21 years vs. 

21–24 years) or baseline PBS use.

In addition to examining intervention and booster impact on drinking outcomes, we also 

tested their impact on proximal outcomes specifically targeted in the booster conditions. 

Feedback on descriptive norms was part of both booster conditions, whereas PBS content 

was included only in the norms-plus-PBS condition. Our findings showed a significant 

reduction in participant perceptions of how much their peers drink following the base 

intervention. This effect, however, was not magnified in the booster conditions, suggesting 

that the base intervention was successful in reducing perceived norms of peer drinking, 

leaving less room for change after the norms boosters. It is worth noting that boosters 

containing normative information appeared to be more impactful after an intervention that 

did not focus on normative comparisons (i.e., Alcohol 101 Plus; Braitman & Henson, 2016; 

Braitman & Lau-Barraco, 2018). Taken together, the pattern of findings strongly suggests 

that PNF, regardless of when it is delivered, is an active ingredient of change. It also may 

be possible that a greater dose of the booster through repeated exposure over time (e.g., 

Neighbors et al., 2010) is needed to observe incremental benefit.

The inclusion of PBS feedback in the booster resulted in significant changes in PBS use. 

Both the CDI-only and CDI plus norms-only booster groups showed erosion of PBS use by 

1-month post-intervention and use of PBS continued to decline at the 3-month assessment. 

This finding may have been a result of reduced consumption and reduced perceived need 

for PBS. Many strategies are only relevant in heavy use situations (e.g., avoiding risky 

drinking practices such as drinking games and taking shots). On the other hand, participants 

receiving the norms-plus-PBS booster continued to implement PBS at 1-month. Although all 

groups decreased PBS use slightly by 3-months post-intervention, rank was maintained; PBS 

use by the norms-plus-PBS booster group was still greater than CDI-only and norms-only 

booster groups. Thus, even with fewer opportunities, the booster group receiving harm 

reduction feedback continued to use PBS. Greater PBS use has been shown to correspond 

with less harmful drinking behaviors cross-sectionally and prospectively (Braitman et al., 

2015; Martens et al., 2011); however, support for PBS as an underlying mechanism in 

brief drinking interventions with college drinkers has been mixed (for a review, see Reid & 

Carey, 2015). Our finding that a norms-plus-PBS booster uniquely impacted use of PBS is 

encouraging and further investigation into the longer-term implications of regular PBS use 

may be warranted.

Several potential explanations can be offered for the overall null finding for booster impact 

on drinking outcomes observed in the present study. It is possible that the base intervention 

using eCHECKUP TO GO produced an impact on outcomes that is potent enough that 
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it overshadowed any benefits of the boosters. The present study was the first to pair this 

combination of boosters with eCHECKUP TO GO. In previous studies examining this style 

of booster (emailed tailored feedback addressing norms and PBS), the base intervention 

consisted of Alcohol 101 Plus, which has demonstrated lower efficacy than eCHECKUP 

TO GO (Carey et al., 2016; Hennessy et al., 2019). It may be that the booster was most 

impactful after a less efficacious intervention (smaller effect size), or that the booster was 

actually serving as the intervention itself rather than a booster in the previous examinations. 

A second possible reason for null findings may be related to booster receipt. Given that we 

could not reliably detect if the feedback emails were read (discussed in more detail below), 

it is possible students assigned to the booster groups were not actually receiving or viewing 

their feedback. Another potential explanation of the null booster finding may be related to 

the timing of the booster. It is possible that the administration of the booster at 2-weeks 

post-intervention was premature after the relatively efficacious online CDI. Allowing the 

opportunity for the online CDI to show greater decay before administering the booster could 

have been critical and should be explored in future research.

A final reason for a lack of booster effects may be due to the timing of the assessments 

at follow-up. Our findings showed that most alcohol indices show continued reductions 

(significant, negative intercept) or reduction maintenance (non-significant intercept) at 1- 

and 3-month post-intervention for all groups, indicating that the intervention is still effective 

over time. These sustained reductions might indicate that the booster effect is hidden within 

this time window, and that as the reductions eventually start to wear off, the booster 

effect could be observed at a later time (perhaps at 6 or 9 months post-intervention). 

Moreover, more frequent assessment windows (i.e., assessment at weeks 1, 2, 3, 4, or 

ecological momentary assessments) could have provided greater sensitivity to detecting 

differences in the rate of change. It is possible the booster group had an accelerated 

reduction that could not be captured by 1 month. Thus, future work may need to consider 

more frequent assessment time points proximal to the booster, and assessments at later 

times post-intervention. These changes in assessment would help to capture any potential 

differences that may emerge at shorter intervals and to examine potential variability in rates 

of change between booster conditions.

The present study utilized email as the platform for booster delivery for several reasons 

related to the nature of the booster content. The email format allowed for large figures 

that emphasized targeted information (e.g., highlighting normative misperceptions). It also 

allowed a substantial amount of content to be delivered instantly. One possibility is that 

boosters sent via email were not viewed by students, or this is not their preferred way to 

receive information. As such, we explored if student participants were regularly checking 

their institutional email, and receptive to content delivered via email. Almost all (98.1%) 

participants reported checking their institutional email at least daily. Moreover, when asked 

if they would prefer a one-time message with feedback from the study (containing both text 

and graphics) to be sent via email or text message, participants overwhelmingly endorsed 

email (88.1%) over text message (11.9%). However, one limitation of email delivery is 

difficulty in confirming email receipt due to various technical challenges (read receipts can 

be turned off, tracking images can cause emails to direct to spam/junk, and so forth). Other 

technology platforms could be used to deliver boosters such as text messaging. While text 
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messaging may restrict the type and amount of content that could be shared, this method 

may be more flexible and easily accessible. College students send and receive text messages 

more often than they check their email (Heron, Romano, & Braitman, 2019). Further, rather 

than providing one large dose of booster at a single point in time, it may be that repeated, 

timely messaging is more effective. Brief alcohol interventions targeting college drinking 

delivered via text messaging have shown promise (Bock et al., 2016; Edwards et al., 2020; 

Mason et al., 2014) and studies have begun to use text message as a booster method for 

prolonging brief intervention effects (Chavez & Palfai, 2020; Suffoletto et al., 2016; Tahaney 

& Palfai, 2017). Thus, future work determining optimal booster content should consider text 

messaging and other potential modes of delivery.

The current findings should be considered in light of several study limitations. First, 

despite random assignment to study conditions, baseline differences between groups on 

key drinking variables were observed, with the booster groups reporting significantly 

lower alcohol use quantity, frequency, and peak drinks to begin with. Between the booster 

groups, the norms-only booster group reported lower frequency and peak drinks at baseline. 

Although these differences at baseline were accounted for in the latent growth modeling 

analyses, the systematic differences between conditions may have led to restriction of 

range that limited ability to detect significant change. Because of the risk of randomization 

failure, future research should consider other randomization schemes that impose balance 

restrictions to help ensure baseline homogeneity across study conditions, including the use 

of permuted block and covariate adaptive randomization methods (Hedden et al., 2006).

A second limitation is that our study sample, while having strong representation of Black 

college students (52.5%), lacks representation from other racial and ethnic minority groups, 

and is predominantly female (71.6%). Future research should replicate our findings with 

more diverse samples that go beyond a predominately White and Black student sample 

and include more male participants. Moreover, the stratification approach for randomization 

and the gender-matched email senders were both biased toward binary gender identities. 

Although participants could select a third option for this gender identity, they were still 

stratified as female and received an email from a female sender.

A third limitation was that our study examined typical drinking via the DDQ in which 

participants estimate their daily drinking behavior in a typical week over the past month. 

Such an aggregate approach limits fine-grained examinations of drinking behavior change 

at the daily level. The use of ecological momentary methods should be considered in 

future research as this approach would be sensitive to assessing how intervention and 

booster effects develop over time and when effects level off (Voogt et al., 2014). An 

additional limitation is the relatively high rate of attrition, which may be linked to switching 

compensation type. The majority of the sample (75.9%) was recruited via the psychology 

participation pool, receiving course credit as compensation for baseline. They may not have 

been as motivated by the payments used for the follow-up surveys, contributing to our high 

attrition rate. Data collection also occurred over the course of a year, which means follow-up 

survey invitations may have been issued between semesters when students were not keeping 

up with email, and that seasonal cycles of drinking could have impacted our results. Finally, 

our follow-up window was restricted to 3 months post-intervention. An extended follow-up 
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interval may reveal when intervention effects disappear and potentially could reveal if and 

when the booster effect emerges.

The present study examined the unique impact of boosters in improving and extending the 

impact of a well-supported online intervention, eCHECKUP TO GO, in a sample of college 

drinkers, finding that the online CDI led to significant reductions in alcohol consumption as 

well as descriptive normative perceptions across all three study conditions. No differences in 

growth trajectories were observed across conditions, suggesting a lack of booster effects 

on drinking outcomes beyond the impact of the base intervention within the 3-month 

timeframe. Specifically, a booster that delivered PNF within 2 weeks of intervention did 

not improve upon the impact of the online CDI, which had already successfully reduced 

normative drinking perceptions. Another study aim was to compare two types of emailed 

boosters: one focused on providing normative feedback only while the other focused on 

norms-plus-PBS feedback. Again, there were no differences in growth trajectories of alcohol 

outcomes. However, individuals receiving the norms-plus-PBS booster implemented greater 

PBS use at 1-month than the CDI-only and norms-only booster groups. Future research with 

longer-term follow-ups are needed to determine the significance of maintaining higher levels 

of PBS even when consumption has been reduced.
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Public Health Significance Statement:

This study indicates that an evidence-based online intervention for college drinking 

may be sufficient to produce substantial reductions in drinking and perceptions of peer 

drinking up to 3 months later. Emailed feedback after a brief delay (i.e., boosters) had 

no added benefit for alcohol consumption reductions within this timeframe. However, 

booster feedback regarding harm reduction strategies may prevent reduction of the use of 

these strategies.
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Figure 1. CONSORT Participant Flow Diagram
Note. CDI = computer-delivered intervention, PNF = personalized normative feedback, PBS 

= protective behavioral strategies. *We can confirm the participants completed the online 

CDI and their booster email did not bounce back, but we do not know if they read the email.
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Figure 2. Changes in Alcohol Outcomes over Time by Condition
Note. CDI = computer-delivered intervention, PBS = protective behavioral strategies. Panel 

(a) represents quantity (or weekly total drinks), panel (b) represents frequency (or number 

of drinking days per typical week), panel (c) represents peak drinks (or highest number of 

drinks on a single day per typical week), and panel (d) represents alcohol-related problems 

(controlling for quantity).
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Figure 3. Changes in Descriptive Normative Perceptions and Use of PBS over Time by Condition
Note. CDI = computer-delivered intervention, PBS = protective behavioral strategies. Panel 

(a) represents descriptive normative perceptions for a typical student at the same institution 

(weekly drinking quantity), and panel (b) represents PBS use. Descriptive normative 

perceptions were targeted in both booster conditions, whereas PBS feedback was contained 

only in the norms-plus-PBS feedback booster condition.
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Table 1

Descriptive Statistics for Study Variables over Time by Condition

Baseline Month 1 Month 3 Cohen’s d Base vs. 3 m

M (SD) M (SD) M (SD)

Drinks per Typical Week (Quantity)

 CDI-only Control 8.18 8.41 5.13 5.95 4.08 5.81 0.450

 Norms-only Booster 6.72 7.14 4.65 5.81 4.15 5.71 0.325

 Norms + PBS Booster 8.05 10.32 5.01 6.25 4.89 7.68 0.516

 Total 7.69 8.71 4.94 5.98 4.36 6.43

Drinking Days per Typical Week (Frequency)

 CDI-only Control 2.24 1.25 1.58 1.40 1.39 1.61 0.444

 Norms-only Booster 1.96 1.13 1.59 1.62 1.36 1.47 0.352

 Norms + PBS Booster 2.23 1.32 1.59 1.37 1.44 1.39 0.543

 Total 2.15 1.24 1.59 1.46 1.40 1.50

Highest Drinking Occasion in a typical week (Peak)

 CDI-only Control 4.01 2.98 2.76 2.76 1.93 2.33 0.651

 Norms-only Booster 3.48 2.55 2.36 2.58 2.07 2.47 0.518

 Norms + PBS Booster 3.71 3.20 2.48 2.72 2.28 2.76 0.554

 Total 3.76 2.93 2.55 2.69 2.08 2.51

Alcohol-Related Consequences (Problems)

 CDI-only Control 6.21 6.59 3.42 4.99 3.27 5.68 0.430

 Norms-only Booster 6.07 7.05 3.04 4.63 2.37 3.73 0.478

 Norms + PBS Booster 6.28 7.17 3.58 5.35 2.67 4.11 0.576

 Total 6.19 6.91 3.35 4.98 2.81 4.70

Note. SD = standard deviation, CDI = computer-delivered intervention, Norms = descriptive normative information, PBS = protective behavioral 
strategies, Base = baseline, 3m = Month 3. Outcomes include total drinks per typical week (quantity), number of drinking days per typical week 
(frequency), highest number of drinks for a single day in a typical week (peak drinks), and alcohol-related problems. Descriptive information is 
based on the raw metric, but all analyses (including Cohen’s d) includes a natural log transformation for quantity and problems.
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