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Abstract
Background Using the multiphase optimization strategy 
(MOST), we previously developed and optimized an 
online behavioral intervention, itMatters, aimed at re-
ducing the risk of sexually transmitted infections (STI) 
among first-year college students by targeting the inter-
section of alcohol use and sexual behaviors.
Purpose We had two goals: (a) to evaluate the optimized 
itMatters intervention and (b) to determine whether the 
candidate sexual violence prevention (SVP) component 
(included at the request of participating universities) 
had a detectable effect and therefore should be added to 
create a new version of itMatters. We also describe the 
hybrid evaluation-optimization trial we conducted to ac-
complish these two goals in a single experiment.
Methods First year college students (N = 3,098) at four 
universities in the USA were individually randomized 
in a hybrid evaluation-optimization 2 × 2 factorial trial. 
Data were analyzed using regression models, with pre-test 
outcome variables included as covariates in the models. 
Analyses were conducted separately with (a) immediate 

post-test scores and (b) 60-day follow-up scores as out-
come variables.
Results Experimental results indicated a significant effect 
of itMatters on targeted proximal outcomes (norms) and 
on one distal behavioral outcome (binge drinking). There 
were no significant effects on other behavioral outcomes, 
including the intersection of alcohol and sexual behav-
iors. In addition, there were mixed results (positive short-
term effect; no effect at 60-day follow-up) of the SVP 
component on targeted proximal outcomes (students’ 
self-efficacy to reduce/prevent sexual violence and per-
ceived effectiveness of protective behavioral strategies).
Conclusions The hybrid evaluation-optimization trial 
enabled us to evaluate the individual and combined ef-
fectiveness of the optimized itMatters intervention and 
the SVP component in a single experiment, conserving 
resources and providing greatly improved efficiency.
Trial Registration NCT04095065.

Keywords  Intervention evaluation and optimization ∙ 
Multiphase optimization strategy ∙ Hybrid evaluation-
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Introduction

Engagement in sexual behaviors is an appropriate devel-
opmental activity for young adults, yet as is the case for 
any age group, it can result in potentially negative con-
sequences (e.g., sexually transmitted infections [STI]). In 
the United States (U.S.), young adults have high rates of 
STIs [1] with college students’ risk for STI acquisition 
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frequently associated with alcohol use (e.g., alcohol con-
sumption increases intentions to engage in sex without a 
condom) [2, 3]. In addition, norms about positive attri-
butes of alcohol use when it accompanies sex have been 
linked to higher risk sexual behavior [2, 4–11]. Notably, 
52% of college students believe alcohol can facilitate 
sexual opportunity, suggesting they may use alcohol 
prior to engaging in sex, and thus may be at elevated risk 
for foregoing condom use [12]. Most existing interven-
tions target alcohol use [13, 14] or condom use [15–17] in-
dependently. However, given the common co-occurrence 
of alcohol use and sexual behaviors, interventions are 
needed that specifically target the intersection of these 
behaviors while also addressing the individual behaviors. 
To fill this gap, we developed and optimized itMatters, 
an intervention for first year college students designed 
to support sexual health and prevent STIs by addressing 
alcohol use and sexual behaviors with a specific focus on 
this critical intersection [18].

Application of MOST in itMatters’s Development, 
Optimization, and Evaluation

Our development of itMatters was guided by the 
multiphase optimization strategy (MOST) [18–21], an 
engineering-inspired framework for creating optimized 
(i.e., more effective, efficient, economical, and/or scal-
able) interventions. MOST has three phases: preparation 
to optimize an intervention, optimization of the inter-
vention, and evaluation of the optimized intervention 
[19]. In our prior work, reported elsewhere [18, 20], we 
completed the first two phases. In the preparation phase, 
we established a theoretically and empirically driven con-
ceptual model that provided the basis for the itMatters 
intervention, identified components that were candidates 
for inclusion in the intervention, and pilot tested these 
candidate components for acceptability and feasibility 
[20]. In the optimization phase, we conducted a series of 
two independent randomized experiments, or optimiza-
tion trials, to assess the effect of each individual candi-
date intervention component on proximal outcomes. 
The proximal outcomes were mediators directly linked to 
the behavioral outcomes as specified in our conceptual 
model [18]. A priori, we decided to include components 
that achieved a main effect size of d ≥ |.15| in the opti-
mized intervention, as long as they did not have a large 
antagonistic interaction with any other components. 
The two-optimization trials were conducted in an itera-
tive fashion [18]. At the conclusion of the optimization 
trials, two components met our inclusion criteria: a com-
ponent that focused on correcting erroneous descriptive 
norms (i.e., prevalence norms) and a component that 
focused on correcting erroneous injunctive norms (i.e., 
approval norms) [18]. The intervention also included an 

informational component that served as the foundation 
for all other intervention content. Because it was ne-
cessary for all participants to receive the informational 
component, it was not evaluated individually.

According to the MOST framework, the optimiza-
tion phase may be followed by evaluation of the opti-
mized intervention, typically in a two-arm randomized 
control trial (RCT). As we were planning the RCT, we 
were mindful of two fundamental principles of MOST 
[19]. One principle is continual optimization, the idea 
that MOST presents the opportunity to make an inter-
vention increasingly effective, efficient, economical, and/
or scalable by repeated cycles of preparation, optimiza-
tion, and evaluation. A second principle of MOST is the 
resource management principle, which states that the in-
vestigator must make the best use of research resources 
by carefully selecting a highly efficient and appropriate 
experimental design. Consistent with the first principle, 
we wanted to improve itMatters by adding a sexual vio-
lence prevention (SVP) component in response to re-
quests from participating schools to add content to meet 
the Clery Act’s educational requirements [22]. Before we 
added the SVP component to itMatters, it was necessary 
to establish its effectiveness empirically in an optimiza-
tion trial. Given the urgency of the requests, we did not 
want to wait until after we had conducted the RCT to 
conduct this optimization trial, and moreover we did not 
have the resources to conduct another optimization trial. 
Therefore, following the second principle, we determined 
that instead of conducting a two-arm RCT to evaluate 
itMatters and a separate optimization trial to assess the 
performance of the SVP component, it would be more 
efficient to conduct a hybrid evaluation-optimization 
trial as a single 2  × 2 factorial experiment, where one 
factor corresponds to the evaluation objective and the 
other corresponds to the optimization objective.

Accordingly, in this paper, we report on how we ad-
dressed two specific goals: (a) to evaluate the optimized 
version of the itMatters intervention on proximal and 
behavioral outcomes and (b) to determine whether the 
SVP component had a detectable effect on proximal me-
diators and therefore should be added to the itMatters 
intervention package moving forward. We also describe 
the hybrid evaluation-optimization trial used to accom-
plish these two goals simultaneously and discuss its po-
tential in other applications.

Methods

This section outlines the evaluation (itMatters inter-
vention) and optimization (SVP candidate compo-
nent) methods. We followed CONSORT guidelines and 
the trial has been registered (no. NCT04095065). The 
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Institutional Review Board at the University of North 
Carolina Greensboro approved all study protocols. 
Informed consent was obtained from all individual par-
ticipants included in the study.

Participants

Participating schools were four co-educational, 4-year, 
public universities in the U.S. We purposely recruited 
universities that varied in characteristics such as size, 
geographic location, and racial/ethnic composition. To 
be eligible to participate in the study, universities (a) were 
not currently implementing an online alcohol or safe sex 
intervention for first-year students; (b) were willing to 
assist in recruiting first-year students by supplying their 
names and email addresses; (c) permitted data collection 
in the academic year in which the experiment was con-
ducted; (d) allowed random assignment of students to 
experimental conditions; and (e) agreed to encourage all 
incoming first-year students to complete the interven-
tion components that they were randomized to receive. 
Students were eligible to participate if  they were over 
18 and an incoming (i.e., first-year student or transfer) 
student.

Intervention Components

The itMatters intervention is described in detail else-
where [18]. Briefly, itMatters includes three components: 
general information (e.g., standard alcoholic drink def-
initions and instructions on proper condom use), de-
scriptive norms (e.g., perceptions of the prevalence of 
college student use of alcohol before or during sex), and 
injunctive norms (e.g., perceptions of how acceptable 
peers find the use of alcohol before or during sex). The 
trial also tested a comprehensive SVP component for po-
tential inclusion in future itMatters iterations. The SVP 
component was originally developed for student athletes 
[23] and was revised to meet the needs of all first year 
college students. It covered the three key Clery Act [22] 
areas: (a) essential sexual violence educational content 
(e.g., important definitions, prevalence, and consent); (b) 
information related to campuses’ responsibilities for re-
porting acts of sexual violence and other related crimes; 
and (c) bystander intervention training that also included 
safe and effective steps to be an active “upstander.”

Study Design

The hybrid evaluation-optimization study used a 2 × 2 
factorial experimental design; we considered several al-
ternative designs prior to selecting this one. Specifically, 
we considered conducting two separate experiments (one 
comparing itMatters vs. active comparison and another 

comparing SVP vs. active comparison). We also con-
sidered conducting a three-arm RCT, with experimental 
conditions itMatters only, itMatters + SVP, and active 
comparison. Either of these experimental approaches 
would have required substantially more participants than 
the 2 × 2 factorial experiment to be adequately powered 
[24]. Thus, we selected the 2 × 2 factorial because it al-
lowed us to answer our research questions, estimating all 
desired effects, while adhering to the resource manage-
ment principle [19].

Factor 1, the evaluation factor, had two levels: (i) the 
itMatters intervention and (ii) an active comparison fo-
cused on mental health and sleep. Including this factor 
allowed us to address our first aim—assessing the effect-
iveness of the optimized itMatters intervention. Factor 
2, the optimization factor, also had two levels: (i) receipt 
of the SVP component and (ii) no receipt of the SVP 
component. Including this factor allowed us to address 
our second aim—assessing the performance of the 
newly added SVP component to determine whether we 
should include it as part of the itMatters intervention 
(i.e., meeting the a priori effect size of d ≥ |.15|). Thus, as 
shown in Table 1, participants were randomized to one 
of four experimental conditions: (a) itMatters + SVP, (b) 
active comparison + SVP; (c) itMatters only, and (d) ac-
tive comparison only.

Experimental Conditions

Participants completed all intervention content online 
via a learning management software, which allowed for 
seamless delivery of the four experimental conditions 

Table 1. Hybrid evaluation-optimization trial experimental 
conditions

Levels of evaluation factor 

 itMatters Active  
comparison

Levels of  
optimization 
factor 

SVP  
provided

(a)  itMatters + 
SVP

(b)  Active  
comparison 
+ SVP 

SVP not  
provided

(c)  itMatters 
only

(d)  Active  
comparison 
only

Estimation of effects

Main effect of itMatters: mean of [(a) + (c)] – mean of [(b) + (d)]

Main effect of SVP: mean of [(a) + (b)] – mean of [(c) + (d)]

itMatters SVP interaction: [mean of [(a) – (b)] – mean of [(c) – 
(d)]]/2

Optimization factor is aimed at assessing performance of SVP 
component; Evaluation factor is aimed at assessing the perform-
ance of itMatters.

SVP sexual violence prevention.
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(Table 1). Participants randomized to experimental con-
ditions (a) and (c) received itMatters. Participants ran-
domized to experimental conditions (b) and (d), which 
included the active comparison focused on healthy sleep 
(e.g., sleep hygiene and strategies to obtain sufficient 
sleep) and mental health (e.g., destigmatize help-seeking 
for mental health problems and provide strategies to im-
prove mental well-being). Participants randomized to 
experimental conditions (a) and (b) received the SVP 
component. On average, it took participants 25 min to 
complete the itMatters material, 25 min to complete the 
active comparison material, and 45 min to complete the 
SVP material. Although participants were not required 
to complete their assigned components in one sitting, the 
average completion time was 25 min for students in con-
ditions (c) and (d) and 70 min for students in conditions 
(a) and (b).

Procedure

Universities provided the research team with a list of 
names and emails for all incoming first-year students 1 
week prior to the initial implementation window. Using 
individual-level randomization, we assigned an equal 
number of first-year students to the four experimental 
conditions. The 3-week initial implementation window 
started with an initial email invitation from our team, 
followed by up to three email reminders for students with 
outstanding tasks. Students who consented immediately 
gained access to the baseline survey. Upon completing 
the survey, students could immediately access their as-
signed intervention components (e.g., itMatters, SVP, 
and/or active comparison components). After com-
pleting assigned condition, students received immediate 
access to the post-intervention survey. This initial imple-
mentation window occurred pre-matriculation begin-
ning in mid-July (2 universities) and at the beginning of 
the fall semester in late August (2 universities). Finally, 
60 days after the initial implementation window closed, 
students who completed the baseline and immediate 
post-intervention surveys received an email invitation 
to complete the final follow-up survey, followed by up 
to three email reminders to students who had not com-
pleted the final survey.

A total of 3,098 unique eligible students out of the 
13,322 invited (23.3% of available student popula-
tion) consented to participate and completed the base-
line survey. Of the total sample, 2,298 completed the 
immediate follow-up and 1,836 completed the 60-day 
follow-up survey (Fig. 1). For participants who had 
duplicate entries (e.g., participants started survey but 
lost their internet connection so they had to restart the 
survey once connection was secured), the most complete 
entry was retained and used in analyses; if  more than 

one entry was similarly complete, we used the earliest 
entry. Accounting for consent, eligibility at baseline, and 
removal of duplicate entries, the per-condition sample 
sizes ranged from 736 to 805.

The baseline and 60-day follow-up surveys took ap-
proximately 15 min to complete, whereas the immediate 
post-intervention survey, which did not include behavioral 
items, took less than 10 min to complete. Following the 
60-day follow-up survey, we provided all students with ac-
cess to all intervention content. We compensated students 
for survey completion; students received $15 for com-
pleting both the baseline and immediate post-intervention 
surveys and $30 for the 60-day follow-up survey for a total 
possible incentive of $45. We also provided universities an 
institutional incentive of $2,000 in compensation for their 
support in recruitment and retention in the study as well 
as access to a $1,500 marketing budget to help them to 
promote the study on their respective campus.

Measures

Sample characteristics

Students provided basic demographic information at the 
baseline survey. Response options for age ranged from 18 
to 25+, as all incoming students, including transfer stu-
dents, were eligible to participate in the research. Students 
reported their current gender identity (e.g., female, male, 
transgender, other), sexual orientation (e.g., heterosexual, 
homosexual, bisexual, other), race (e.g., white, Black, 
multiracial, other) and ethnicity (e.g., Hispanic/Latinx). 
Students also reported if  they currently lived on-campus 
(e.g., dorm/residence hall, fraternity/sorority housing, or 
other on-campus housing), off-campus apartment/house, 
at home with family, or other housing.

Outcomes Pertaining to Evaluation of itMatters

Proximal outcomes

Two of the itMatters intervention components tar-
geted specific proximal outcomes from our conceptual 
model (i.e., descriptive and injunctive norms) [20]. We 
identified proximal outcome measures from previous 
intervention research with college students [25–27]. The 
descriptive norms scale (α t1 = 0.84) measured students’ 
perceptions of the prevalence of behaviors among col-
lege students (e.g., “In the past 30 days, approximately 
what percentage of college students do you think have 
[done the following]?”). We computed the average of four 
items about: alcohol use, heavy alcohol use, sex with al-
cohol, and hookups with alcohol, using a 10-point scale 
(1  =  0%–10%, 2= 11%–20%, etc.). The values for de-
scriptive norms ranged from 1 to 10, with larger values 
indicating higher perceived prevalence of behaviors.
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The injunctive norms scale (α  t1 = 0.79) assessed stu-
dents’ perceived peer acceptance of behaviors among 
college students (e.g., “In your opinion, how do most 
college students feel about other college students [done 
the following]?”). We computed the average of 4 items 

about: alcohol use, heavy alcohol use, sex with alcohol, 
and hookups with alcohol, using a 4-point Likert scale 
(1 =  strongly disapprove to 4 =  strongly approve). The 
values for injunctive norms ranged from 1 to 4, with larger 
values indicating higher perceived approval of behaviors.

Fig. 1. Consort diagram.
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Behavioral Outcomes

On the baseline and 60-day follow-up surveys, stu-
dents answered behavioral questions related to alcohol 
and sex. Any and recent (past 30 days) alcohol use was 
captured (i.e., How often have you drunk alcohol?) with 
responses ranging from never to 10 or more days out 
of  the past 30  days. In addition, heavy episodic al-
cohol use or “binge drinking” was captured by asking 
students to report the number of  times in the past 2 
weeks that they had 4 (women)/5 (men) or more drinks 
within a two-hour period. Students also reported if  
they had ever engaged in oral, vagina, or anal sex. If  
they reported any engagement in sexual behaviors, 
students then responded to questions about their most 
recent sexual event. They reported (a) if  they had 
condom and/or other birth control method protected 
vaginal or anal sex, (b) if  they had used alcohol be-
fore or during this sexual encounter, and (c) if  their 
partner had used alcohol before or during this sexual 
encounter. Students then reported if  they had ever had 
a hookup, defined for the students as: “penetrative 
[vaginal and/or anal] sexual behaviors with someone 
with whom you are not in a committed relationship 
[friends with benefits] or with someone you just met 
[one night stand].” Students who reported engaging in 
a hookup were asked to report on (a) condom use (if  
they reported vaginal or anal sex during their most re-
cent hookup), (b) self  alcohol use and (c) partner al-
cohol use during their most recent hookup. Notably, 
students who reported alcohol use as “unknown” for 
self  and/or partner were included in the alcohol use 
category for both variables.

We were unable to find an existing measure that cap-
tured the intersection of alcohol use and sexual behav-
iors, perhaps due to the lack of interventions targeting 
these two behaviors jointly. Therefore, we used students’ 
responses to the behavioral items (described above) to 
create two ordinal outcome measures—one for sexual 
events and one for hookups. The advantages of these or-
dinal measures include that the measure allowed us to 
measure the behavioral outcome for all students (not 
just those who had sex before) and that it captured the 
increasing amount of risk that occurs when alcohol use 
is combined with condomless sex. In both cases, a higher 
value indicated that the student engaged in multiple 
higher risk behaviors.

For the sexual event behavioral outcome, we assigned 
students a score of 0 if  they did not report ever having 
sex (no risk). Among those who reported ever having 
sex, we assigned students a score of 1 if  they had used a 
condom during their most recent vaginal or anal sexual 
encounter and if  neither they nor their partner had used 
alcohol (minimal risk, due to condom use and no alcohol 
use). We also assigned a score of 1 to students who had 

engaged in sexual behaviors other than vaginal or anal 
sex during their last sexual encounter (e.g. oral sex) and 
neither they nor their partner had used alcohol. We as-
signed students a score of 2 if  they reported that either 
they or their partner had used alcohol (e.g., the student 
had oral sex or condom protected vaginal or anal sex, but 
the use of alcohol increased the likelihood of condom 
misuse or compromised decision-making). We assigned 
students a score of 3 if  they reported condomless va-
ginal or anal sex without alcohol use by themselves or 
their partner. We assigned students a score of 4 if  they 
reported condomless vaginal or anal sex and either they 
or their partner used alcohol (highest risk) as alcohol use 
has the potential to compromise decision making (e.g., 
having sex with a partner that you would not have under 
other circumstance and/or increase condom misuse) 
thus increases risk of STI acquisition [28]. We created 
the hookup behavioral outcome measure using the same 
algorithm.

Outcomes Pertaining to Assessment of the Performance 
of the SVP Component

To assess the performance of the SVP component, we 
used a series of items measuring students’ confidence in 
reducing/preventing sexual violence (e.g., “I feel confi-
dent in my ability to…”). Five items assessed confidence 
to: intervene when someone is using sexually inappro-
priate language, recognize signs of disinterest in someone 
else, recognize enthusiastic consent, seek consent from a 
partner, and know where to go get help if  sexual vio-
lence is experienced. In addition, three items assessed 
students’ perceived effectiveness of strategies to reduce/
prevent sexual assault (e.g., “Rate the level of potential 
effectiveness of the following strategy: (1) examining/as-
sessing the environment, (2) looking for support, and (3) 
recognizing limits”). All eight items used a 4-point Likert 
scale (1 = not confident/effective to 4 = very confident/
effective) and were analyzed individually.

Analytic Plan

As is the standard in intervention optimization research 
and factorial analysis of  variance [24, 29], we defined 
main effects and interactions using effect coding (−1, 
1). The calculation of  main effects and the interaction 
effect are described in Table 1. To handle missing data, 
we used multiple imputation (100 imputations). This 
strategy had the advantage of  making it straightfor-
ward to keep the missing data model identical across 
all the analyses reported here. We used PROC GLM 
and PROC MIANALYZE within the SAS 9.4 statis-
tical software to conduct regression analyses with the 
imputed data.
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We conducted three sets of analyses. First, we con-
ducted analyses using proximal outcomes (i.e., descrip-
tive and injunctive norms) at immediate posttest and 
60-day follow-up as the outcome variables. Next, we 
conducted analyses using individual behavioral out-
comes (i.e., condom use and binge drinking) at the 
60-day follow-up as the outcome variables. These out-
comes are only applicable to participants who have 
used alcohol (binge drinking) and those who have en-
gaged in sex (condom use), so our analyses for binge-
drinking excluded participants who reported no alcohol 
use at both assessments and our analyses for condom 
use excluded participated who reported no sex at both 
assessments. Since binge drinking is a count variable, 
we used a negative binomial regression model to assess 
the effects on binge drinking and since condom use is a 
binary variable, we used a logistic regression model for 
this outcome. Finally, we conducted analyses using the 
intersection behaviors at the 60-day follow-up as the out-
come variables. Given that the intersection variables are 
ordinal, we conducted both ANOVA and ordinal logistic 
regression analyses. The results were similar, so we re-
port the ANOVA results as they are easier to interpret. 
In all of our models, we used itMatters, SVP, and the 
interaction between itMatters and SVP as independent 
variables, with the corresponding pre-test measures of 
the outcome variables of interest (i.e., proximal or be-
havioral outcomes) as a covariate. Including the effects 
of SVP (and its interaction with itMatters) allowed us 
to test whether there were any iatrogenic main effects of 
the SVP component on the outcomes as well as whether 
there were any synergistic or antagonistic interactions 
between SVP and itMatters.

To explore whether there were differential effects 
of  itMatters on the intersection behaviors for partici-
pants who had ever used alcohol (vs. those who had 
not) or for those who reported any sexual activity (vs. 
those who had not), we conducted several sensitivity 
analyses. Specifically, for each of  the intersection be-
haviors, we conducted an ANOVA using itMatters, a 
binary indicator for whether the participant reported 
any alcohol use at baseline and their interaction as in-
dependent variables, and the baseline intersection be-
havior as a covariate. We repeated these analyses using 
a binary indicator for whether participant reported 
any sexual activity at baseline (and its interaction with 
itMatters).

For SVP, we conducted analyses using proximal out-
comes (i.e., self-efficacy and protective behavior strat-
egies) at immediate posttest and 60-day follow-up as 
the outcome variables. Similar to our proximal out-
come models for itMatters, these SVP models included 
itMatters, SVP, and the interaction between itMatters 
and SVP as independent variables, with their respective 
pre-test proximal outcome measure as a covariate.

Results

Sample Characteristics and Behaviors

Of the students who completed the baseline survey, the 
majority (88%) were 18  years old. Demographic char-
acteristics are reported in Table 2. Most of the sample 
identified as female (64%), heterosexual (83%), and 
White (58%). Nearly two-thirds (64%) reported living 
on-campus in a residence hall, whereas about one quarter 
(26%) reported living at home with parents or family at 
the time of survey completion.

Table 3 summarizes participants’ reported behav-
iors at baseline and 60-day follow. At baseline, just 
over half  of  the students (51.7%) reported that they 
ever used alcohol. In addition, 71% reporting no al-
cohol use in past 30 days. Similarly, just under half  of 
the students (46.8%) reported that they had ever en-
gaged in vaginal and/or anal sexual behaviors. Among 
those who reported having engaged in sex at base-
line (n = 1,451), nearly 45% reported known condom 
use, 53.6% reported use of  birth control other than 
a condom, and 9.4% reported alcohol use by self  or 
partner during most recent sex. Of  those who reported 

Table 2. Demographic characteristics at baseline (N = 3,098)

N %

Sex

 Male 1,060 34.2

 Female 1,986 64.1

 Transgender 15 0.5

 Other 22 0.7

Sexual orientation

 Heterosexual 2,581 83.3

 Homosexual 95 3.1

 Bisexual 299 9.7

 Other 53 1.7

Race

 White 1,802 58.2

 Black 590 19.0

 Multiracial 230 7.4

 Other 329 10.6

Hispanic 564 18.2

Transfer student 563 18.2

Housing

 On-campus residence hall 1,993 64.3

 Off-campus apartment/house 238 7.7

 At home with parents/family 810 26.1

 Other 30 1.0

Participants did not provide data for all variables, so sample size 
varies.
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alcohol use during their most recent sexual event 
(n = 137), most (n = 83) included known condom use. 
At baseline, over a quarter (26.8%) of  the sample re-
ported having engaged in a hookup (n = 829), and of 
those 28.8% reported known condom use and 15.7% 
reported alcohol use by self  or partner during the most 
recent hookup. There was no statistically significant 
difference between the proportions of  these behaviors 
reported at the 60-day follow-up compared to baseline.

Evaluation Results for itMatters

Table 4 presents results pertaining to the itMatters evalu-
ation; recall that we coded the proximal and behavioral 
outcome measures such that a negative coefficient reflects 
the desired outcome. There was a significant main effect 
of itMatters on the proximal outcomes of descriptive 
(d = 0.53) and injunctive norms (d = 0.84) at the imme-
diate post-intervention survey. These effects were main-
tained at the 60-day follow-up (d = 0.46 and d = 0.45, 
respectively). There was a significant effect of itMatters 
on binge drinking; itMatters significantly reduced 
binge drinking at the 60-day follow-up (B = −0.10, 95% 
CI = −0.20, −0.01). Note that there is no accepted way 
to compute Cohen’s d from a negative binomial analysis, 
which is why we provide the 95% CI instead.

In terms of potential effects of the SVP component 
on the outcomes, there was a significant main effect of 
SVP on descriptive norms at the immediate follow-up 
(d  =  0.20) in the undesired direction (i.e., an iatro-
genic effect); this effect was not retained at the 60-day 
follow-up. There were no significant itMatters × SVP 
interaction effects on descriptive norms at either the im-
mediate or 60-day follow-up, but there was a significant 
antagonistic interaction effect on injunctive norms at the 
immediate follow-up (d = 0.12). (An antagonistic 2-way 
interaction occurs when the presence or higher level of 
one candidate component is associated with reduced ef-
fectiveness in another [19]). There were no significant ef-
fects on behavioral outcomes from SVP or the itMatters 
× SVP interaction at either time.

Finally, our sensitivity analyses showed no signifi-
cant interaction between itMatters and ever using al-
cohol or engaging in sexual behaviors. This suggests that 
itMatters did not differentially affect intersection behav-
iors for participants who had engaged in any alcohol use 
or sexual behaviors at baseline.

Optimization Results for SVP Component

Table 5 presents the results pertaining to the performance 
of the SVP component; recall that we coded these measures 

Table 3. Behaviors at baseline and 60 day follow-up

 Baseline  
(N = 3098)

60 day follow-up  
(N = 1836)

N % N %

Alcohol use, ever

 Yes 1,601 51.7 964 52.5

 No 1,325 42.8 810 44.1

Sexual behaviors, ever

 Yes 1,451 46.8 872 47.5

 No 1,456 47.0 893 48.6

Known condom use during most recent sexa 644 44.4 405 46.4

Used birth control (besides condom) during most recent sexa 778 53.6 496 56.9

Any alcohol use during most recent sexa 137 9.4 99 11.4

Most recent sex with alcohol use and no known condom usea 54 3.7 32 3.7

Hookup, ever     

 Yes 829 26.8 472 25.7

 No 2,085 67.3 1,292 70.4

Known condom use during most recent hookupb 239 28.8 169 35.8

Any alcohol use during most recent hookupb 130 15.7 94 19.9

Most recent hookup with alcohol use and no known condom useb 31 3.7 22 4.7

Participants did not provide data for all variables, so sample size varies.
aPercentages for these variables calculated out of participants who had had sex in their lifetime (N = 1,451 for baseline, N = 872 for 
follow-up).
bPercentages for these variables calculated out of participants who had had hookup in lifetime (N = 829 for baseline, N = 472 for 
follow-up).
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such that a positive coefficient reflects the desired outcome. 
At the immediate follow-up, the SVP component had a 
significant main effect on the efficacy variables related to 
intervening when someone was using inappropriate lan-
guage (d = 0.29) and knowing where to get help (d = 0.22). 
The SVP component also had a significant main effect on 
students’ use of two protective behavioral strategies: assess 
the environment (d = 0.29) and look for support (d = 0.23). 
None of the effects were significant at the 60-day follow-up 
(data not presented). There were no significant main ef-
fects of itMatters and no significant itMatters × SVP inter-
actions on the SVP proximal outcomes.

Discussion

Evaluation of the itMatters Intervention

We found that the itMatters intervention significantly 
reduced descriptive and injunctive norms related to the 
intersection of alcohol and sexual behaviors as well as 
significantly reduced binge drinking. However, we did 
not find significant effects on behavioral outcomes re-
lated to either condom use or the intersection of alcohol 
and sex. At first glance, these results suggest that al-
though the optimized intervention successfully reduced 
one risky behavior (i.e., binge drinking), it was not ef-
fective at reducing behaviors related to the intersection 
of alcohol and sex (the primary target of our interven-
tion). Importantly, however, there are several potential 
alternative explanations.

One alternative explanation is that very few students 
reported engaging in alcohol use and sexual behaviors 
simultaneously (only n = 137 and n = 130 of the 3,098 
students in our baseline sample reported alcohol use 
during sexual and hookup events, respectively). These 
very low observed base rates are particularly challen-
ging as our intervention is designed to prevent sexual 
behaviors in the context of alcohol, and any evaluation 
of a prevention intervention, particularly one related to 
substance use, relies on observation of the comparison 
group engaging in the “bad” behaviors that are being 
prevented. We expect that one reason our base rates 
were so low is we had fewer “higher risk” students in our 
sample compared to the general college student popu-
lation. Consistent with this possibility, we found lower 
base rates of alcohol use and sexual behaviors in our 
study compared to other studies of first year college stu-
dents (e.g., 51.7% of students in our sample reported 
ever drinking compared to 58.4% from a 2015 study [30]; 
46.8% of students in our sample reported ever having 
vaginal sex compared to 66.5% in the past year from 
a 2014 study [31]). This possibility is consistent with 

other research showing that “higher risk” students are 
more difficult to recruit and retain as research partici-
pants [32]. Notably, we attempted multiple and diverse 
recruitment and retention strategies (e.g., different incen-
tive plans and student ambassadors, to be described in 
a forthcoming manuscript), but our experience suggests 
that additional innovative strategies are needed to im-
prove the representativeness of college student samples 
to help ensure accurate assessment of the effectiveness 
of interventions on behavioral outcomes. These low base 
rates may also reflect the timing of our data collection—
in order to prevent risk behaviors before they began, we 
conducted our study very early in the fall semester (in 
fact, two of the four schools in our sample surveyed stu-
dents prior to matriculation, when students may have 
had fewer opportunities to engage in alcohol use and 
sexual activity then they would once they started school).

A second alternative explanation is that our concep-
tual model, which specifies that changing descriptive 
and injunctive norms will change behavior, is incorrect. 
Given the substantial literature describing a complex re-
lationship between norms and behaviors [33–37], we do 
not believe this is the case. However, it is possible that 
norms have a more delayed effect on behavior; most con-
ceptual models, including ours [20], do not specify the 
expected time frame for the uptake of behaviors or asso-
ciated outcomes (e.g., STI) to occur. The final follow-up 
survey was administered approximately 60  days after 
the intervention which suggests that if  there is indeed a 
delayed effect, it may take more than 60 days to emerge. 
Thus, the evaluation of norms-based interventions to 
promote sexual health among college students may need 
to include a much longer-term follow up (e.g., in the 
sophomore year) and/or require booster sessions to see 
an effect on distal behavioral outcomes [38].

Lastly, students who completed itMatters viewed al-
cohol use with sex as less prevalent and less approved of 
at both follow-up surveys compared students who did 
not complete itMatters. It is possible, however, that they 
did not internalize these norms, which could explain how 
changes in norms did not translate into changes in be-
havior. Thus, changes in norms could operate similarly to 
changes in knowledge: students might have learned fac-
tual information and reported it back correctly, but not 
internalized this information in a way that changed their 
behavior. Future work should explore this possibility, as it 
has important implications for norms-based interventions.

Assessment of the Effectiveness of the SVP Component

Using the same a priori effect size criterion as in our 
previous optimization trials [18], we found that the SVP 
component had an immediate effect on some of the 
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proximal outcomes, but these results disappeared by 
the 60-day follow-up. Interestingly, SVP significantly 
increased descriptive norms (i.e., moved outcome in the 
undesired direction) and the combination of itMatters 
and SVP content significantly increased injunctive norms 
(i.e., antagonistic interaction, which moved outcome in 
the undesired direction). These results may be partially 
explained by the differences between the sex-positive 
messaging of the itMatters content and a focus on the po-
tential “dangers” of sex through a SVP lens. Accordingly, 
consistent with the MOST framework, we will revise 
and retest the SVP component before including it in the 
itMatters intervention. In future optimization trials it 
may be useful to treat the three Clery Act [22] foci—edu-
cational (e.g., prevalence), informational (e.g., campuses’ 
responsibilities), and behavioral (e.g., how to be an ac-
tive upstander)—as individual components, as we did 
during the optimization phase for itMatters, to test the 
individual and interactive contributions of each com-
ponent on the outcomes. Overall, the results underscore 
how the hybrid evaluation-optimization trial let us iden-
tify not only whether the SVP component worked (i.e., 
main effect) but also how it worked in the presence of 
the existing intervention content (i.e., interaction effect).

The Hybrid Evaluation-Optimization Trial

The present article describes an experiment that, to our 
knowledge, is the first to combine evaluation of an opti-
mized intervention with assessment of the performance 
of a component under consideration for addition to the 
optimized intervention. Factorial optimization trials 
conducted within the MOST framework often examine 
many components simultaneously [39–45]; our own op-
timization trials each examined five components [18]. 
Thus, it is possible to examine the performance of sev-
eral components in a hybrid evaluation-optimization 
trial; for example, a 25 experiment could include one 
factor representing evaluation of the optimized interven-
tion and four factors examining new components under 
consideration for addition to the intervention package. 
This approach has the potential to speed up the process 
of continual optimization considerably by enabling the 
evaluation trial and the optimization trial to be conducted 
simultaneously. Any components that were found to be 
ineffective in the optimization trial could be redesigned, 
and then tested in the next experiment in which the op-
timized intervention is evaluated. Alternatively, the re-
sults of the optimization trial may lead to revisions to the 
conceptual model that in turn suggest components rep-
resenting new intervention strategies; these also can be 
examined. Moreover, the hybrid evaluation-optimization 
trial generally uses fewer experimental participants com-
pared to separately conducting an RCT to evaluate the 

intervention package and an optimization trial to assess 
the performance of the candidate components.

It should be noted that it is not always appropriate 
to integrate the evaluation and optimization trials. For 
example, in the research reported here we were con-
sidering adding the SVP component to the optimized 
itMatters intervention, as opposed to replacing a com-
ponent already in itMatters with the SVP component. 
If  the components under consideration are intended as 
replacements for components currently in the optimized 
intervention, then the hybrid approach is not appro-
priate. However, when appropriate the hybrid evaluation-
optimization trial can be very efficient and economical.

Limitations

Our findings should be interpreted in the context of sev-
eral limitations. First, the percentage of the eligible stu-
dent population who completed the baseline survey was 
relatively low (23.3%), as were the overall base rates of 
behaviors (alcohol and sex independently and in con-
junction). Although universal online behavioral interven-
tions have the capability for broad reach [46–48], without 
a completion mandate imposed by the university they 
may not reach the students at highest need (e.g., heavy 
drinkers and those who use condoms inconsistently) or 
those who do not read their emails. Second, our surveys 
only asked about participants’ “most recent” sexual event 
and did not specify the timeframe on which this event oc-
curred. It is possible that some of the events reported in 
the follow-up survey actually occurred pre-intervention, 
diluting the meaning of our outcome variable. In other 
words, some students who reported alcohol use during 
their most recent sexual encounter at both times may 
not have had sex between the pre-test and follow-up sur-
veys (i.e., they had changed their behavior dramatically), 
but the results would look like they had not changed 
their behavior at all. Third, as mentioned above, norms 
may have a delayed effect on behavior and therefore a 
longer-term follow-up survey (e.g., 6 months) may have 
captured such effects. Finally, although universities were 
geographically diverse, the overall study sample was pre-
dominantly White.

Conclusions

This study demonstrated that itMatters effectively 
changed proximal and behavioral (binge drinking) out-
comes. We did not observe effects on sexual behaviors 
in the context of  alcohol use, possibly due to the noted 
study limitations. Future research must consider strat-
egies for improving participation in intervention re-
search to gather data on a more representative sample, 
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especially from students with elevated likelihood of 
engaging in behaviors of  interest including alcohol use 
and sexual behaviors of  college students. Furthermore, 
there may be a need to extend follow-up data collection 
into the sophomore year to assess behavior change over 
longer periods of  time. Preliminary evidence on prox-
imal outcomes suggests that a revised SVP component 
may have the potential to demonstrate sufficient effect-
iveness to merit inclusion as an active component in 
the itMatters intervention. This study is unique in that 
it used a hybrid evaluation-optimization trial, which 
enabled us to both evaluate the optimized interven-
tion package, itMatters, and assess the effects of  a SVP 
component that we were considering for inclusion in 
itMatters. The hybrid evaluation-optimization design, 
which greatly improved time and resource efficiency, 
could be used to even greater advantage by including 
several candidate components for testing. MOST is a 
particularly important tool for developing, optimizing, 
and evaluating health promotion interventions [19, 20, 
40, 49–51].
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