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Abstract
Background Smartphone-based interventions are a potentially effective way to minimize alcohol-related harm in young adult,
non-dependent drinkers. This pilot study is the first to evaluate the benefits and feasibility of a personalized alcohol harm-
minimization intervention delivered via smartphones.
Methods Within a single-blind, randomized controlled design, 45 young adults were randomly assigned to either the intervention
app (n = 25; 18 females; Mage = 21.36 years, SDage = 4.15 years) or the control app (n = 20; 18 females; Mage = 22.75; SDage =
4.41). The two primary outcomes were frequency of risky drinking and drinking-related harms, and the secondary outcome was
frequency of protective behavioral strategies (PBS) use. All outcomes were measured at baseline and immediately post-inter-
vention. Using the Enlight framework [1], usability was evaluated via structured one-on-one phone interviews with a subgroup of
six participants from the intervention group (3 females; Mage = 19.5 years, SDage = 1.64).
Results There was no significant reduction in the primary outcomes from baseline to post-intervention across the groups. For the
secondary outcome, the application of PBSwithin drinking contexts increased at follow-up for those in the intervention group but
not for control participants. End-users rated the app as highly usable but had some concerns with repetition of the app-
recommended strategies.
Conclusions This intervention, designed to reduce risky drinking behaviors among young adults, was rated as highly usable and
was shown to increase the application of harm minimization strategies within drinking contexts. While the intervention and its
delivery show promise, it did not appear to mitigate risky drinking behaviors. Implications of this research and future directions
are discussed.
Trial Registration This trial is registered at the Australian New Zealand Clinical Trials Registry: BLINDED.
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Overview

Traditionally, alcohol reduction interventions available to
young adults include motivational interviewing (MI) or cog-
nitive behavioral therapy (CBT), which aim to modify cogni-
tions regarding alcohol use and are delivered by a therapist in
a health care service setting (e.g., [2]). However, as the find-
ings from recent ecological momentary assessment (EMA)
studies show, the strongest predictors of young adults’ drink-
ing behaviors are not stable factors (i.e., dispositional drinking
motivations), but rather dynamic factors within the drinking
context (i.e., social interpersonal factors) [3, 4]. Given that
these risk factors occur within the drinking context (rather
than just within the person), intervention is required that ex-
tends beyond the standard treatment context (e.g., therapist
office) and offers real-time support during the moments when
the risk factors are present. A further limiting feature of these
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traditional forms of alcohol interventions is that the young
person is required to initiate professional help in primary
and secondary health care settings. Young people experienc-
ing drinking-related problems underutilize professional treat-
ment for a variety of reasons (e.g., shame, financial reasons,
geographical barriers) (e.g., [5, 6]). Finding useful, accessible,
and confidential ways to reduce risky drinking among young
people remains a key research and health priority.

This pilot study reports on the evaluation of a smartphone-
delivered intervention that targets situation-specific risk fac-
tors which are known to precipitate young adults’ risky drink-
ing. The evaluation of the intervention occurred in two parts as
per guidelines described by theMedical Research Council [7];
(1) using a randomized controlled design, the preliminary
findings of the intervention were examined, and (2)
employing a qualitative study design, the usability and accept-
ability of the intervention were evaluated.

Protective Behavioral Strategies

One approach that has shown promise when used as part of a
multicomponent alcohol reduction intervention is protective
behavioral strategies (PBS)—simple behavioral techniques
designed to reduce drinking and/or drinking-associated harm
such as drink driving [8]. PBS [8] may be separated into three
subtypes: stopping or limiting consumption (e.g., setting
drinking limits), changing the manner of drinking (e.g.,
avoiding drinking games, drinking beer instead of spirits),
and avoiding serious hazards associated with drinking (e.g.,
organizing a designated driver).

Evidence for Protective Behavioral Strategies

Cross-sectional evidence suggests that individuals who partic-
ipate in interventions employing PBS as well as other compo-
nents (e.g., personalized feedback regarding drinking levels,
information on drinking consequences) are less inclined to
drink in a risky manner [9, 10]. For example, a recent study
[11] found that participants who were provided with a multi-
component brief intervention that included personalized feed-
back, enhancement of motivation, goal development, and PBS
meaningfully reduced the number of heavy drinking days (in
the prior 30 days), 3 months after the intervention (M = 2.56
heavy drinking days, SD = 3.26) as compared to baseline
(M = 3.05 heavy drinking, SD = 4.05). Focused evaluations
of PBS have also shown it to be an effective mediator within
multicomponent interventions (e.g., [12, 13]).

Despite PBS showing promise within multicomponent in-
tervention contexts, when delivered as a stand-alone interven-
tion (without other intervention components), it is not shown
as effective [14, 15]. For example, a recent study [14] found

that 1 month post-intervention, participants who had received
the PBS intervention showed no meaningful difference in the
maximum number of drinks they had consumed on a single
occasion in the prior 30 days (M = 7.25 number of drinks,
SD = 3.93) compared to a control group (M = 7.91 number
of drinks, SD = 4.09).

Two reasons may account for these weak findings regard-
ing the application of PBS as a stand-alone intervention. First,
a single delivery of PBS at one point in time is unlikely to be
sufficient to facilitate sustained change in an individual’s
drinking habits. Rather, repetition and consistent reminders
of these strategies may better facilitate behavior change [16,
17]. Second, these psychoeducational interventions did not
tailor the provision of PBS to the individual’s drinking con-
text, their momentary affective state, or the types of drinking-
based goals they wanted to achieve (e.g., reduction in con-
sumption or drinking-related consequences).

Factors to Inform Drinking Interventions

Recent EMA studies [3, 4] have shown momentary affect and
social interpersonal factors within the drinking context as sig-
nificant determinants of young adults’ drinking behaviors.
Dvorak and colleagues found daily negative affect predictive
of subsequent heavy drinking, whereas daily positive affect
was predictive of drinking-related harm. Thus, whether the
valence of affect is negative or positive may have important
implications for either heavy drinking or drinking-related
harm. In terms of the social interpersonal context, Kuntsche
and colleagues found young adults who experienced social
situations marked by interactions with same-sex friends at
drinking establishments, as more likely to drink in a risky
manner, compared to when they were not exposed to these
types of situations. Finally, health behavior change interven-
tions are enhanced with the inclusion of goal-setting. Indeed,
there is a significant body of research that supports the appli-
cability and utility of goal-setting within alcohol behavior
changes [18, 19]. As such, implementation of PBS interven-
tions should be sufficiently flexible to tailor messages and
strategies to individuals’ momentary affect, social drinking
context, and drinking-related goal.

Ecological Momentary Intervention

Ecological momentary intervention (EMI) is defined as a
method to intervene upon behavior in the moment [20] via a
mobile device. EMI enables the delivery of a PBS-based in-
tervention tailored to individuals’ affective state, social con-
text, and drinking-related goal. This in-the-moment modality
offers many technological advantages over traditional inter-
vention formats (e.g., therapist delivered), including the

402 Int.J. Behav. Med. (2019) 26:401–414



following: (a) EMIs can use EMA data to provide support that
is personalized and tailored to the individual’s context [21],
and (b) using Bdecision rules,^ EMI can deliver information in
a timely manner close to the target behavior (e.g., [22]), which
is more effective than delayed interventions (e.g., [23]).
Furthermore, smartphone apps appear to overcome several
help-seeking barriers to treatment, including enhanced acces-
sibility, affordability, and anonymity [24, 25]. Due to these
advantages, there has been a surge in the number of interven-
tions delivered via smartphone apps for both non-dependent
drinkers [26] and dependent drinkers [27]. Specifically rele-
vant to this study, a number of smartphone apps have been
developed which incorporate harm minimization strategies
(e.g., protective strategies) to support persons to drink in a safe
manner [28, 29]. To illustrate, consider Telecoach, a
smartphone app which included self-monitoring of alcohol
use followed immediately by harm-minimization strategies
[30]. Compared to a waitlist group, alcohol frequency was
significantly reduced at follow-up. This suggests that the dis-
semination of protective strategies immediately following
self-monitoring could generate a reduction in drinking
frequency.

Current Study

The EMI framework provides several strengths in delivering
alcohol reduction interventions, making it a popular interven-
tion modality. Though as yet, an EMI that delivers PBS that
are tailored to an individual’s goals and drinking context, in
the moment, has not been trialed. To address this, Minimise
was developed by our research team to deliver a range of PBS
over a sustained period of time (28 days), tailored to the user’s
drinking goal (i.e., reduce alcohol and/or drinking-related con-
sequences), their momentary affective state (i.e., negative or
positive), and their social, interpersonal context (i.e., who they
are with). The first part of this pilot study (part one) is to assess
the benefit of this intervention. The specific research questions
(RQs) of this component of the study include the following.

RQ1 To what extent do individuals who receive Minimise re-
port a reduction in the two primary outcomes of frequency of
risky single occasion drinking (RSOD, five or more standard
drinks consumed in a single setting) and alcohol-related harms
(e.g., interpersonal disputes) compared to individuals in the
control group?

RQ2 To what extent do individuals who receive the Minimise
app exhibit an increase in the secondary outcome of frequency
of PBS use in comparison to those in the control group?

The second aim of this study (part two) is to explore the
usability and acceptability of the Minimise application. The

objectives of this component of the study are to determine
the following.

RQ3 To what extent do users ofMinimise perceive the app as a
usable device to facilitate reductions in risky drinking
behaviors?

RQ4 To what extent do users of Minimise perceive the app as
an acceptable device to reduce risky drinking behaviors?

Part One: Preliminary Findings

Method

Design

To examine preliminary findings of Minimise (RQ1 and
RQ2), a single-blind, randomized controlled design was per-
formed using a two-arm parallel sequence in which the prima-
ry outcomes (drinking behaviors) and secondary outcomes
(PBS use) were measured at baseline and immediately post
the intervention. This study was approved by the authors’
Ethics Committee board, and all procedures were in accor-
dance with the National Health and Medical Research
Council [7]. Refer to Electronic Supplementary Material 1.5
for Consolidated Standards of Reporting Trials Checklist.

Randomization and Blinding

Following screening and completion of the baseline question-
naire, eligible participants were randomly assigned to the in-
tervention or control group using a pre-determined computer-
ized sequence by Qualtrics (www.qualtrics.com). At the end
of the baseline questionnaire, the presentation of the app-
download instructions was randomized, alternating between
how to download the self-monitoring InstantSurvey
smartphone app [31] or the intervention Minimise app.
Participants were fully blinded as to which group they were
assigned to (i.e., they did not knowwhich app corresponded to
the intervention or control group). Once participants had com-
pleted the follow-up assessment (immediately post the inter-
vention period), they were informed as to which group they
were in and debriefed. Those in the control group were offered
the intervention app (Minimise) after the debrief.

Study Population

Participants were recruited via invitations on social media
(e.g., Facebook), and from advertisements placed within a
large metropolitan university campus. Participants were eligi-
ble for the trial if they answered yes to the following criteria in
the baseline survey: (a) aged 18–35 years, (b) access to an
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iPhone, (c) reported being motivated to reduce alcohol use,
and (d) consume alcohol, on average, at least once a week.

Participants

Intervention A total of 25 individuals aged between 18 and
35 years (18 females;Mage = 21.36 years, SDage = 4.15 years)
completed the baseline assessment and were randomized to
download the Minimise app (see Fig. 1). After downloading
the app, three participants were lost to follow-up. This reduced
the sample of participants who completed all phases of the
intervention study (i.e., baseline and follow-up) to 22.

ControlA total of 20 individuals aged between 18 and 32 years
(18 females; Mage = 22.75; SDage = 4.41) completed the base-
line assessment and were randomized to download the
InstantSurvey app (see Fig. 1). After downloading the app,
four participants were lost to follow-up. This reduced the sam-

ple of participants who completed all phases of the control
study (i.e., baseline and follow-up) to 16.

The Applications

Intervention AppMinimise is a smartphone app developed by
the authors and delivered via a native platform. The app de-
livers PBS tailored to the users’ goals and drinking context.
On first use, the user needs to input their personally developed
ID from the app and into the online survey portal (this allows
the researchers to associate the users’ baseline information
with their app information). Minimise will then ask the user
which goals they want to achieve from the app: (a) reduce the
amount of alcohol they consume and/or (b) reduce their expe-
rience of adverse drinking-related consequences (see
Electronic Supplementary Material 1.1, Fig. 1). Once the
goals are selected, this information is stored in the app and
informs the algorithm of PBS delivery (detailed below).
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Following this, the user receives two notifications per day,
once at 11:00 a.m. and again at 8:00 p.m., for 28 consecutive
days. These notifications ask the user to complete a short self-
monitoring survey which examines (a) drinking behaviors:
current drinking intention (i.e., do you intend to drink today?),
if alcohol had been consumed since the last assessment and if
so how much (on a 1–10 scale), and if the user has experi-
enced adverse drinking-related consequences (i.e., work/
study, unwell, interpersonal difficulties); (b) drinking context:
social interpersonal context (i.e., are you with other people or
alone?), positive affect (i.e., do you feel happy?), and negative
affect (i.e., do you feel stressed?); and (c) PBS use for alcohol
consumption (i.e., did you use a strategy to manage your
alcohol use?) and drinking-related harm (i.e., did you use a
strategy to manage drinking-related harm?)

During this short self-monitoring survey, if the user indicates
that they are drinking or that they intend to drink, they immedi-
ately receive a message alerting them to Bplease review your
strategies^, which is located under the Bstrategies^ tab within
the app (see Electronic Supplementary Material 1.1, Fig. 2).
Three strategies are delivered within the app and tailored to the
users’ (i) goals (i.e., to reduce alcohol use and/or alcohol harm),
(ii) current affect (i.e., positive or negative affect), and (iii) social
context (i.e., alone or with other people; refer to Electronic
Supplementary Material 1.3 to view algorithm in detail). While
Minimise includes a total of 21 different PBS built into the app,
only three PBS were delivered per drinking event. Of the 21
strategies embedded within Minimise, 11 were derived from
the PBS Scale [8], while 10 strategies were developed for this
study (Electronic Supplementary Material 1.3). In addition,
Minimise allows the user to review their drinking statistics at
any time (including percentage of days of PBS use, percentage
of days of risky drinking; refer to Electronic Supplementary
Material 1.1, Fig. 3).

Control App InstantSurvey is a smartphone app developed
by the authors and delivered via a native platform. On first
use, the user needs to input their personally developed ID
from the app and into the online survey portal (this allows
the researchers to associate the users’ baseline information
with their app information). The smartphone application
will thereafter comprise alcohol self-monitoring functions
(see Electronic Supplementary Mater ia l 1.2 for
screenshots of these functions). Similar to Minimise, the
app delivers two messages per day, once at 11:00 a.m. and
again at 8:00 p.m., for 28 consecutive days. This message
asks the user to complete a short self-monitoring survey
which examines similar items as the Minimise app (i.e.,
d r ink ing behaviors and dr inking contex t ) . The
InstantSurvey app does not provide any information re-
garding PBS, has no feedback to the user, and does not
allow the user to review their data. Rather, the app was
simply comprised the self-monitoring assessments.

Measures

Using an online survey, the following was assessed at base-
line: basic demographics (i.e., age and gender), the Alcohol
Use Disorders Identification Test (AUDIT), and primary and
secondary outcomes. Immediately post the intervention, the
primary and secondary outcomes were reassessed.

The AUDIT was used to identify the level of drinking-
related problems exhibited by the sample at baseline [32].
The AUDIT is a 10-item questionnaire that examines con-
sumption, dependence, and drinking-related problems (α =
0.79). Items 1 to 8 are scored on a 5-point rating scale (0 =
never, 5 = daily), and questions 9 to 10 are scored on a 3-point
rating scale (0 = no, 2 = yes, in the past year). Research indi-
cates that AUDIT scores from 8 to 15 represent a moderate
level of risky drinking, with scores above 15 being represen-
tative of more problematic use [33].

Primary Outcome To assess the primary outcomes—
frequency of RSOD and drinking-related harm—the follow-
ing questions were asked: Bover the past two weeks howmany
times did you (a) consume more than four Australian standard
drinks (ASDs; 10 g ethanol), (b) experience difficulties with
work and/or study due to your drinking (RSOD), (c) experi-
ence interpersonal difficulties due to your drinking, and (d)
felt physically unwell due to your drinking?^ Items were
scored on a 4-point rating scale (0 = never, 1 = 1–2 times,
2 = 3–4 times, 3 =more than 4 times). The items and scales
were developed for this study.

Secondary Outcome To assess the secondary outcomes re-
garding the frequency of applying PBS, participants were
asked, Bover the past two weeks how many times did you
(a) use a PBS to control the amount of alcohol you drank
(PBS alcohol) and (b) use a PBS to reduce harm when drink-
ing (PBS harm)?^. Items were scored on a 4-point rating scale
(0 = never, 1 = 1–2 times, 2 = 3–4 times, 3 = more than 4
times).

Results

Data Analytic Procedure

For the preliminary analyses, independent sample t tests were
employed to determine if there were differences in the base-
line characteristics of age and AUDIT total score and a
Pearson’s chi-square was used to assess if there were differ-
ences in the gender proportions between the groups (i.e., in-
tervention and control). For the main analysis, mixed-effect
models were used to assess the influence of time, group, and
interaction of time by group on the primary and secondary
outcomes. In each model, intercept and time were included
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as random effects and group was modeled as a fixed effect.
Furthermore, a Poisson distribution was assumed in these
mixed models given that the outcomes were measured as
count variables (e.g., frequency of risky drinking in the prior
2 weeks).

Missing values were evident at follow-up for both the pri-
mary and secondary outcome variables (see Electronic
Supplementary Material 1.4 for more information). Little’s
Missing Completely at Random test revealed that the data
across each of the outcomes were missing completely at ran-
dom; X2 (2, N = 45) = 6.09, p = .99. Therefore, all available
data were used in the main analyses using full-information
maximum likelihood estimation. Analyses were performed
using Mplus [34].

Adherence Statistics

Adherence with the app was calculated as the percentage of
days the individual was engaged with the app, out of the
possible 28. For the intervention group, a total of 25 partici-
pants responded to 953 prompts, out of a possible 1400
prompts (68%) across 552 days (out of a possible 700). On
average, participants in the intervention group engaged with
the app on 22.08 days (SD = 9.70) out of a possible 28, giving
an adherence rate of 79%. Participants in the intervention
group provided close to two reports per day (M = 1.72;
SD = 0.63) out of two. Preliminary analyses were conducted
to evaluate whether adherence (i.e., total number of days
responded to the app) was influenced by age and gender,
and whether adherence was associated with a difference in
outcomes at follow-up. The results found adherence to the
Minimise app was unrelated to age (r = .20, p = .40) and gen-
der (r = .24, p = .30). Furthermore, adherence toMinimisewas
not significantly related to changes in any of the outcomes at
follow-up (RSOD, r = .14, p = .56; work difficulties, r = − .12,
p = .61; interpersonal, r = − .25, p = .28; unwell, r = .01,
p = .96; PBS alcohol use, r = .02, p = .94; and PBS harm,
r = −.16, p = .48). This suggests that there was no difference
in outcomes at follow-up for those who engaged in Minimise
more so than others.

The 20 participants in the control group responded to 906
prompts (out of a possible 1120; 81%), across 442 days of
self-monitoring (out of 560). On average, participants in the
control group reported a response on 22.1 days out of 28
(SD = 8.55), giving an adherence rate of 79%. Participants in
the control group were providing close to two self-reports
each day (M = 1.96, SD = 0.50) out of two. In terms of the
relationship between adherence and demographics, the find-
ings revealed that adherence was not significantly related to
gender (r = .37, p = .17), though it was negatively correlated
with age (r = − .56, p = .03), suggesting that older participants
engaged with the app less than younger participants.
Furthermore, results found that adherence to InstantSurvey

was negatively correlated with changes at follow-up in the
outcome of being unwell due to drinking (r = − .57 p = .03)
and the frequency of PBS use for alcohol consumption (r =
− .56 p = .03). There was no significant association between
adherence and change in the other outcomes at follow-up
(RSOD, r = − .29, p = .29; work difficulties, r = − .31,
p = .26; interpersonal, r = − .03, p = .91; PBS harm, r = − .32,
p = .25).

Preliminary Analysis

Preliminary analyses were conducted to evaluate if there were
significant differences observed across the groups for the
baseline characteristics including age, gender, AUDIT total
score, origin of birth, and occupation (as shown in Table 1).
There were no significant differences between the groups for
these demographic and alcohol-related measures.

Main Analysis

Mean Differences Between Group and Time for Primary
and Secondary Outcomes

Sample means for the primary (i.e., RSOD and drinking-
related harm) and secondary outcomes (i.e., PBS use for alco-
hol consumption and harm) at baseline and follow-up, across
the groups (intervention and control), are presented in Table 2.
There were no significant differences at baseline in the prima-
ry or secondary outcomes across the intervention or control,
suggesting that at baseline, the groups were similar to each
other. At follow-up, there was no significant change in the
primary outcomes across the groups, whereas, for the second-
ary outcomes, participants in the intervention group were
shown to endorse PBS for alcohol use (M = 1.61, SD = .17)
and harm (M = 1.47, SD = .22) significantly more than those
in the control group (M = 1.07, SD = .20;M = 0.63, SD = .25,
respectively) at follow-up.

Group by Time Main and Interaction Effects

The main and interaction effects of time and group upon the
primary and secondary outcomes are evident in Table 3. There
was no significant main or interaction effect of time or group
upon the primary outcomes. There was a significant interac-
tion of time by group in predicting changes in the secondary
outcomes of PBS use for alcohol consumption (B = .52,
p = .03), and PBS use for alcohol-related harm (B = .82,
p = .03). The proportion of variance explained by the
group*time interaction was small across the measured out-
comes (i.e., from 1 to 3%). Please refer to the graphical rep-
resentation of these interactions in Electronic Supplementary
Material 1.6 for more information.
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Part Two: Usability and Acceptability

Method

Participants

Participants were selected based on obtaining a sample with
an equal proportion of males and females and matched ap-
proximately for the mean age of the larger sample. The sample
included three male and three female participants (Mage =

19.5 years, SDage = 1.64 years) from the intervention group.
Formative usability trials have demonstrated that a sample of
five participants can identify 80% of usability issues [35, 36].

Measures

Usability was assessed from the SystemUsability Scale (SUS)
[37], and acceptability was examined through an interview
schedule based on the Enlight measure [1].

Table 1 Comparison of demographic and baseline alcohol-related variables by group

Control Intervention Test

Age—mean (SD) 22.75 (4.41) 21.36 (4.15) t(43) = 1.09

Gender—% (n)

Female 90% (18) 72% (18)

Male 10% (2) 28% (7) X2 (1) = 2.25

AUDIT—mean (SD) 14.10 (6.30) 11.48 (3.55) t(28) = 1.66

Origin of birth

Australia 80% (16) 80% (20) X2 (5) = 6.30

Sri Lanka 12% (3)

New Zealand 4% (1)

Canada 10% (2) 4% (1)

South Korea 5% (1)

Belgium 5% (1)

Occupation

Student 55% (11) 84% (21) X2 (4) = 5.84

Retail assistant 15% (3) 5% (1)

Hospitality 10% (2)

Unemployed 5% (1) 5% (1)

Administration 15% (3) 10% (2)

Table 2 Frequency of primary and secondary outcomes in the prior 2 weeks across group and time

Time T1 T2 T1 vs T2 T1 T2 T1 vs T2 T1 vs T1 T2 vs T2

Group Control
n = 20

Control
n = 16

Control Intervention
n = 25

Intervention
n = 22

Intervention Control
Intervention

Control
Intervention

M (SD) M (SD) Z p values M (SD) M (SD) Z p values Z p values Z p values

RSOD 1.55 (.18) 1.18 (.20) 0.36 19 1.60 (.16) 1.50 (.17) − 0.10 .68 0.05 .84 0.31 .25

Work/study
consequence

0.96 (.17) 0.59 (.19) − 0.37 .08 0.82 (.16) 0.60 (.16) − 0.22 .23 − 0.13 .57 0.14 .96

Interpersonal
issues

0.61 (.17) 0.56 (.18) − 0.05 .80 0.51 (.15) 0.28 (.16) − 0.23 .16 − 0.10 .67 − 0.28 .24

Physically unwell 1.05 (.16) 0.98 (.17) − 0.07 .74 1.08 (.14) 0.83 (.15) − 0.25 .15 0.03 .89 − 0.15 50

PBS alcohol use 1.10 (.18) 1.07 (.20) − 0.03 .91 1.00 (.16) 1.61 (.17) 0.61 .003 − 0.10 .69 0.54 .04

PBS alcohol harm 0.99 (.23) 0.63 (.25) − 0.36 .21 1.04 (.21) 1.47 (.22) 0.43 .08 0.05 .87 0.84 .01

Note. RSOD risky single occasion drinking, consumption of more than 4 standard drinks in a single setting, PBS protective behavioral strategies applied
for alcohol use or alcohol-related harm, T1 baseline, T2 follow-up
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System Usability Scale The SUS [34] is an industry-
standard 10-item scale (e.g., [38]) that examines the us-
ability of a technological tool. Responses are measured
on a 5-point Likert-type scale with 1 (strongly disagree)
to 5 (strongly agree). The SUS yields a composite score
between 0 and 100, with higher scores indicating higher
perceptions of usability. A SUS score greater than 68 is
considered Babove average^ and consistent with satisfac-
tory usability (e.g., [39]). The SUS has been found as a
reliable and valid tool among both experts and service
users when assessing the usability of smartphone appli-
cations [40].

Enlight A total of 10 open-ended questions were taken from
the Enlight evaluation tool [1] and posed to participants during
a one-on-one phone interview. These questions were designed
to gain an in-depth understanding into the acceptability and
usability of the app. Example questions include Bto what ex-
tent is the app an appropriate tool to use in reducing alcohol
use?^ and Bhow easy was it to learn to use the app?^

Procedure

At the end of the intervention period, a subgroup of six par-
ticipants engaged in a one-on-one phone interview with a
trained research assistant who presented the following ques-
tions: basic demographics, the System Usability Scale, (SUS),
and open-ended questions adapted from the Enlight catego-
ries. The mean length of the interview was 35 min (SD =
9.46).

Results

Thematic Analysis Procedure

Thematic analysis was used to identify the recurring themes
from the qualitative data, as outlined by Braun and Clarke
[41]. All audio recordings were transcribed verbatim and sys-
tematically double-coded independently among two re-
searchers (RO, PS). Following an in-depth review of the cod-
ed data, independent themes were developed based on recur-
rent content. Both coders (RO, PS) then engaged in a cooper-
ative discussion of themes to decide on the most pertinent and
recurrent aspects of coded data. The process of refining and
reviewing themes was iterative until themes were representa-
tive of the data and saturation was achieved.

Usability

Quantitative usability data indicated high usability scores
among the participants with the average overall score of
74.16 (SD = 9.31), exceeding the acceptable cut-off score of
68 [42]. As shown in Table 4, participants felt that most people
would be able to learn to use the app quickly and that they
themselves felt confident using the app.

Acceptability

The semi-structured interviews were informed by the Enlight
evaluation framework [1]. Ten open-ended questions regard-
ing acceptability, experiences of use, and challenges of utiliz-
ing the app were asked to a subgroup of participants. Thematic
analysis revealed seven broad themes which are described
below: four themes were related to the advantages of the app
and three related to the challenges.

Table 3 Main and interaction effects of time and group upon primary
and secondary outcomes

Estimate SE R2

RSOD

Intercept 0.62 0.51

Time − 0.32 0.32

Group − 0.01 0.30

Time*group .11 0.20 .01

Interpersonal

Intercept − 1.29 1.38

Time 0.58 0.78

Group 0.52 0.79

Time*group − 0.59 0.48 .02

Unwell

Intercept − 0.00 0.70

Time 0.07 0.43

Group 0.16 0.41

Time*group − 0.16 0.26 .02

Work/study

Intercept 0.66 0.77

Time − 0.57 0.60

Group − 0.24 0.51

Time*group 0.10 0.38 .01

PBS alcohol

Intercept 0.73 0.59

Time − 0.55 0.43

Group − 0.61 0.39

Time*group 0.52* 0.25 .02

PBS harm

Intercept 1.08 0.93

Time − 1.22 0.66

Group − 0.79 0.58

Time*group 0.82* 0.38 .03

Note. RSOD risky single occasion drinking, consumption of more than 4
standard drinks (defined as consumption of an alcoholic beverage with
10 g of alcohol), PBS protective behavioral strategies applied for alcohol
use or alcohol-related harm *p < .05
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Perceived Advantages of Minimise

Tailored Delivery of Protective Strategies

All participants commented that the tailored delivery of the
protective strategies was useful in providing specific alcohol
reduction information, relevant to their context. Indeed, users
felt that receiving information, matched to their context, en-
abled the application of the strategies into their drinking con-
text as they were applicable:

BThere were different strategies for different scenarios
so there was good advice for each environment which
was easy to incorporate^
[Participant 3]

The majority of participants appreciated being prompted to
use these specific strategies in the drinking context (N = 5/6).
Specifically, users reported that without the prompting re-
minder it would be difficult to remember to implement the
strategies:

BI liked the strategies the most, using those and when it
prompted you if you have intentions to drink…if I
wasn’t prompted I probably would’ve forgotten^
[Participant 5]

Habit Formation

The users commented on how the app check-in process had
become habitual. Specifically, four of the six participants ex-
periencedMinimise as part of their daily routine stating that it

had become routine to check in with the app when they were
also engaging with other apps (i.e., social media):

BIt’s become part of my app checking habit^ [Participant
3]

Some participants referred to the app as having gamification
elements that they felt were fun and enjoyable to complete,
which provided a short distraction from reality (N = 3/6). This
further assisted the habit-formation of checking in with the
Minimise app:

BIt’s like having a game of bejewelled—it gives you two
minutes of mindfulness^
[Participant 2]

Increased Awareness of Drinking

A prominent finding identified among all participants was that
the app increased awareness in the user in two ways: first, it
helped the user identify how much they were drinking, and
second, there was insight into the circumstances preceding
their decision to drink.

BIt mademe realise that I drinkmore than I realised and I
only drink because I amwith friends. I didn’t realise that
before^ [Participant 5]

Three participants commented that this self-awareness was
particularly effective in prompting behavioral change in re-
gard to their alcohol consumption and would have a lasting
impact on their future drinking behaviors:

Table 4 Means and standard
deviations for the SUS Question M SD

I think I would like to use the app frequently 3.50 0.55

I found the app to be unnecessarily complex 2.16 0.98

I thought the app was easy to use 3.66 1.03

I think that I would need support of a technical person to be able to use the app 1.33 0.82

I found that the various functions in the app were well integrated 4.00 1.09

I thought there was too much inconsistency in the app 2.50 1.22

I would imagine that most people would learn to use the app very quickly 4.33 0.82

I found the app very cumbersome to use 2.33 0.52

I felt very confident using the app 4.17 0.75

I needed to learn a lot of things before I could get going with the app 1.66 0.82

Overall SUS score M = 74.16 SD = 9.31

Note. Responses were scored on a 5-point Likert scale ranging from 1 = strongly disagree to 5 = strongly agree.
The overall SUS score is out of 100
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BQuantity wise it’s definitely going to decrease—I knew
that my tolerance level was a bit low, but I used to drink
anyway but now I start to see the direct effect on my
health and wellbeing.^
[Participant 3]

Insight Into Current Emotional State

While it was not an intention of Minimise, four out of the six
participants reported that the app had helped them to reflect on
their emotions, which in turn helped to inform their decision
regarding alcohol use:

BSometimes you just don’t feel like drinking, you might
be sad, but it is a mate's birthday, so you have to or a
social situation where you have to. So, all those ques-
tions [in the app] helped me make the right decision.^
[Participant 2]

Another user commented that the ability to monitor their emo-
tional state helped them to understand why they were
drinking:

BWhen I was filling in the emotions part of it every
single day it made me go through a process of self-
realisation - you don't often acknowledge why you
drink.^ [Participant 3]

Perceived Challenges of Using Minimise

Technical Issues

There were two technical issues identified by three out of six
participants. First, the notification schedule was inconsistent:

BSometimes I wouldn’t even get the notification, so I
then had to open the app^ [Participant 3]

Second, the slider used in the self-reports was temperamental
for some items:

BSometimes when I used to move the scale it used to get
stuck. It would say this question is unanswered, but I did
answer it. That used to get really annoying^ [Participant
6]

These types of errors impeded upon a small number of partic-
ipants’ (N = 2/6) motivation to use the app:

BThe app was starting to glitch out a heap of times and I
was getting really annoyed by that. I was contemplating
quitting the study as I was getting sick of it^
[Participant 1]

The Strategies Were Not Unique

The main concern users had with the delivery of the PBS was
that they were familiar with some of the strategies recom-
mended within the app, and for some users (N = 3/6), this lack
of novelty reduced their engagement in the app:

BI have gone in and looked at my protective strategies a
few times but a lot of them I have heard about from
friends and school and so I haven’t looked over them
too much^ [Participant 4]

Most participants (N = 4 out of 6) relied on the PBS that were
novel and more specific to their situation rather than the fa-
miliar and more obvious suggestions:

BIn terms of the general strategies provided like cover-
ing your drink or having a designated driver—they
weren’t very specific so it wasn't that applicable^
[Participant 3]

The Lack of Certain Functions

The large proportion of users (N = 5/6) commented that they
would have liked more functionality surrounding the ability to
track progress while using the app. Users emphasized that if
they were able to see how many drinks they were consuming
on a frequent basis, and how this aligned with their goals, this
would have better facilitated them to stay on track:

BIt would be good to implement like a goal setting
where people enter in their goals of how many drinks
they want to have a week and then at the end of the week
they can check^ [Participant 1]

When asked how the strategies could be delivered in a more
effective manner, all users mentioned that it would be useful to
include a function within the app in which the strategies that
had been previously applied could be referred to at any time:

BI found it confusing because you couldn’t confirm
whether or not you had used a particular strategy^
[Participant 4]
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Discussion

Accumulated literature suggests that PBS are a promising ad-
junct to treatment for risky drinking (e.g., [43]). Findings have
been less consistent when PBS has been offered as a stand-
alone treatment (e.g., [14]). In these prior implementations,
participants have typically been given strategies at a single
time point that are not tailored to their context. To expand
on these developments, Minimise, an EMI for young adults
that combines self-monitoring functionality and tailored deliv-
ery of protective strategies, was developed. To evaluate this
app, the aim of this pilot study was twofold: (1) assess the
benefit of Minimise using a randomized controlled design
and (2) examine the usability and acceptability of Minimise
using a qualitative study design.

Outcome Findings

In terms of RQ1, no change was found in alcohol use (i.e.,
RSOD episodes) or drinking-related harms (i.e., interpersonal)
across time or group. For RQ2, participants in the intervention
group appeared to increase their use of PBS at follow-up, as
compared to the control group.

The intervention was shown to be successful in increasing
the users’ application of PBS; however, this increased uptake
was not shown to be associated with a reduction in risky
drinking behaviors, as would be expected. There are two pos-
sible reasons for this. First, participants may not have imple-
mented the PBS in high-risk situations. For example, perhaps
users only applied the strategies to situations in which they felt
comfortable reducing their alcohol intake, where there was no
expectation to drink excessively (e.g., family gathering). In
contrast, in situations with inherent pressure to drink (e.g.,
social events with peers), participants may not have had the
capability to implement the appropriate strategies.
Interventions incorporating PBS should include other tech-
niques that can support the user to overcome potential barriers
in the implementation of the strategies, particularly in situa-
tions where external pressure to drink is high. Indeed, drink
refusal skills training has been shown to promote self-efficacy
and reductions in alcohol use, particularly in high risk social
situations (e.g., [44, 45]). The purpose of this training is to
teach the individual on how to adopt and enact more adaptive
responses to social situations that involve alcohol use [46]. It
would be advantageous for future app-based interventions to
assess if the combination of PBS coupled with training on
drink-refusal skills generates reductions in risky drinking
behaviors.

Second, it is also possible that some of the PBS strategies
were not as effective as anticipated. A growing body of liter-
ature shows that there are some PBS strategy subtypes that are
more effective in reducing alcohol use than others. Indeed, a
number of studies (e.g., [47, 48]) have shown that strategies

which change the Bmanner of drinking^ (e.g., mixing different
types of alcohol) are more effective in reducing alcohol use
than strategies which aim to Blimit consumption^ (e.g., set a
limit on the number of drinks) or Bavoid serious hazards^
(e.g., nominate a designated driver). The current study used
all available strategies from the PBS framework in order to
deliver a breadth and variety of information, and the require-
ment to disseminate strategies that were tailored to the per-
son’s context. Yet, this did not appear to improve the partici-
pants’ drinking behaviors. Further, there was no association
between adherence to the app and subsequent positive out-
comes, suggesting that more engagement with the content
does not appear to effect change in drinking outcomes.
Interventions utilizing PBS, therefore, may benefit from de-
livering only the strategies that have the strongest evidence in
reducing alcohol use (i.e., manner of drinking) and excluding
those that are less effective (e.g., limiting consumption and
avoiding serious hazards).

Outcome Limitations

This pilot study did not include a long-term follow-up, and
hence, it is possible that some of the changes in drinking may
not be detected by the immediate post intervention assessment
used. Indeed, research shows that changes to drinking behav-
ior, via the application of PBS, can take time as the individual
requires the opportunity to enact the strategy in order for a
change to drinking habits to take effect (e.g., [49, 50]). The
current study adopted this post-intervention protocol based on
prior alcohol reduction EMIs (e.g., [38, 51]), which use an
immediate follow-up assessment to mitigate the risk of attri-
tion and dropout. However, it is recommended that EMI stud-
ies, designed to alter habits surrounding drinking behaviors,
include a longer-follow up period to ensure that if there is an
intervention effect, it is captured.

Second, these findings should be considered in light of the
relatively small number of participants. While this sample size
is consistent with other pilot studies (e.g., [52, 53]), it may
have been more difficult to reveal a truly significant finding
(given the small effect sizes). In this respect, the study needs to
be considered preliminary in nature and one that provides
useful information regarding feasibility and effect sizes to
guide further work in this area.

Usability Findings

Interestingly, even though participants did not report a reduc-
tion in their drinking, the qualitative findings were supportive
of the usability and acceptability of theMinimise app to reduce
alcohol use. In particular, there were three features of the app
that were well-received by the users. First, users scored
Minimise high on the SUS due to its streamlined interface
and well-integrated functionality. This feedback is important
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in delivering an intervention for substance misuse. Indeed, it is
probable that there will be times in which the user will be
engaging with the app when they are drinking and possibly
intoxicated. Ensuring that the system is a straightforward one
is essential for people to continue to engage with the app even
if they are inebriated. Second, users agreed that a strength of
theMinimise app was its tailored functionality. In turn, partic-
ipants reported that this feature made the strategies highly
transferable to the environment they were in. This finding
echoes a number of research studies that show tailored infor-
mation is more likely to be read, remembered, and acted upon,
in contrast to generic information (e.g., [52, 54]). Finally, par-
ticipants commented that the self-monitoring functionality fa-
cilitated their understanding into how much alcohol they were
drinking and the complex interplay between internal states,
external factors, and subsequent drinking behavior. This find-
ing is consistent with a number of studies that have found self-
monitoring useful in providing insight to and curtailing risky
drinking behaviors (e.g., [55, 56]).

Usability Limitations

Notwithstanding the positive feedback regarding Minimise,
qualitative feedback identified two key areas in which the
app could be improved. First, some participants were already
familiar with the strategies suggested by the app and were
hoping instead to find new approaches to reducing their drink-
ing. When they recognized strategies, they reported being less
interested and engaged in the app. Further instruction at the
outset of the study that the app provides common sense, easy-
to-implement approaches that may be familiar to the user may
serve to offset expectation that all the strategies will be novel
and unfamiliar to the participants. A second limitation was the
lack of advanced goal-setting functionality. While the self-
monitoring component ofMinimise was designed to facilitate
monitoring and tracking of performance, more explicit mes-
saging and prompts to remind participants of their goals (es-
pecially when they are struggling to maintain these) may be
helpful. Indeed, research suggests that the mere reminder of
goals can be enough to keep participants on track with their
intended behavior change [57, 58].

Implications and Conclusion

There are a number of implications that warrant consideration.
First, the lack of impact findings suggests that more work is
needed on the specific intervention content that is delivered
within this app. More broadly, this finding suggests that PBS
delivered as a stand-alone intervention, repetitively and tai-
lored to the user’s goal and context, does not appear to be a
beneficial method to reduce risky drinking behaviors among
young adults, at least not in the short term. Future smartphone-
based research that includes PBS components should pair this

with additional intervention components that have a strong
evidence base (e.g., implementation intentions, e.g., [59], nor-
mative feedback, e.g., [60], and drink-refusal skills training,
e.g., [61]).

Second, the results of the qualitative study demonstrate
Minimise as a highly usable and acceptable tool in helping
young adults reduce their alcohol consumption and
drinking-related harm in their everyday life. This finding sug-
gests that smartphone apps are a viable platform to deliver
drinking-based interventions. This is especially important for
those working with young people, considering how notorious-
ly difficult they are to engage in AoD programs [62], but yet
how frequently they engage with their smartphone device
[63].

In conclusion, this study found that users of the
Minimise app significantly increased their application of
PBS. Moreover, the app itself was rated by end-users as
a highly acceptable and usable device to intervene on
drinking behaviors. Despite these encouraging findings,
Minimise did not appear to alter drinking-related out-
comes among young adults. This suggests one of two
things: first, the Minimise app was not helpful in reduc-
ing the user’s drinking behaviors. Given that the usabil-
ity assessment revealed the app to be user-friendly, it is
possible that the limited feature of the app is the inter-
vention used, the PBS. As research findings suggest,
PBS is more effective when delivered as part of a mul-
ticomponent intervention. The second possibility is that
the sample size was too small to reveal a true-positive
effect. Further work is needed to examine whether this
app could generate positive change in the user’s drinking
behaviors if the intervention delivered was PBS coupled
with other effective intervention components. Moreover,
employing a large enough sample size to detect poten-
tially small effect sizes (as evinced in the current study)
is strongly recommended for future research in this area.
With the significant potential that smartphone-based
drinking interventions provide young people (i.e., acces-
sibility, ease of use, no shame), it is important that we as
researchers invest in developing a smartphone app that
can effectively reduce harmful drinking behaviors among
young people.
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