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Abstract
Excessive alcohol consumption poses a serious problem for 
public health. Digital behavior change interventions have the 
potential to help users reduce their drinking. In accordance 
with Open Science principles, this paper describes the devel-
opment of a smartphone app to help individuals who drink 
excessively to reduce their alcohol consumption. Following the 
UK Medical Research Council’s guidance and the Multiphase 
Optimization Strategy, development consisted of two phases: 
(i) selection of intervention components and (ii) design and 
development work to implement the chosen components into 
modules to be evaluated further for inclusion in the app. Phase 
1 involved a scoping literature review, expert consensus study 
and content analysis of existing alcohol apps. Findings were 
integrated within a broad model of behavior change (Capability, 
Opportunity, Motivation-Behavior). Phase 2 involved a highly 
iterative process and used the “Person-Based” approach to 
promote engagement. From Phase 1, five intervention com-
ponents were selected: (i) Normative Feedback, (ii) Cognitive 
Bias Re-training, (iii) Self-monitoring and Feedback, (iv) Action 
Planning, and (v) Identity Change. Phase 2 indicated that each 
of these components presented different challenges for imple-
mentation as app modules; all required multiple iterations and 
design changes to arrive at versions that would be suitable for 
inclusion in a subsequent evaluation study. The development of 
the Drink Less app involved a thorough process of component 
identification with a scoping literature review, expert consensus, 
and review of other apps. Translation of the components into 
app modules required a highly iterative process involving user 
testing and design modification.
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INTRODUCTION
Excessive alcohol consumption poses a serious prob-
lem for public health [1, 2]. About 3.3 million deaths 
are attributable to alcohol consumption worldwide 
each year [1] and alcohol consumption is the third 
leading cause of morbidity and premature death in 
high-income countries [3]. Over 5 per cent of the 
global burden of disease and injury is estimated 
to be attributable to alcohol [4]. Excessive alcohol 
consumption (widely indicated by a score of 8 or 
above on the Alcohol Use Disorders Identification 
Test [AUDIT] [5]) is estimated to cost high- and mid-
dle-income economies 2.5 per cent of gross domes-
tic product due to costs associated with health and 

social care, the police and criminal justice system, 
and lost productivity [6].

Digital behavior change interventions (predomi-
nantly web-based) have the potential to reduce exces-
sive alcohol consumption [7]. They can reach large 
numbers of people for a low incremental cost of pro-
vision, offer convenience and privacy for users, and 
may reduce the stigma associated with help-seeking 
in person [8]. Smartphone ownership is increasingly 
prevalent; for example, 77 per cent of U.S. [9] and 71 
per cent of UK adults [10] own a smartphone. The 
tendency for smartphones to be carried much of the 
time [11] and used repeatedly [12] may mean that 
apps have the capacity to deliver support in a timely 
manner in the situations in which people want sup-
port [13] for however long support is required.

Many alcohol reduction apps are available [14, 
15]. However, the majority are developed with no 
reference to scientific evidence or theory [14], some 
provide inaccurate information on the user’s blood 
alcohol concentration [15], and apps treating alcohol 
use disorders tend to be of low quality [16]. There 
are development papers for mobile and web-based 

Implications
Practice: The development process for the Drink 
Less app could provide a practical model for 
developing evidence- and theory-based digital 
interventions for health-related behavior change 
following the principles of Open Science.

Policy: Policy makers should promote the adop-
tion of open and transparent methods for the 
development of digital healthcare interventions 
to help assess how far they are likely to meet their 
objectives ahead of testing in randomized trials or 
other appropriate evaluation methods.

Research: The reporting in full of the approach 
used to develop digital healthcare  interventions 
such as Drink Less provides a firm foundation for 
interpreting the results of evaluation studies that 
follow.
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interventions for alcohol reduction [17–20], and 
for digital interventions targeting other health-re-
lated behaviors such as smoking cessation [21, 22]. 
However, to the authors’ knowledge, there is no 
published report of the systematic development of 
an alcohol reduction app.

Papers that clearly report intervention develop-
ment and content are central to efficient scientific 
progress [23] and to avoiding trial wastage [24]. The 
time and resources invested in conducting interven-
tion evaluations may be wasted unless the interven-
tion content is adequately reported [24]. Improving 
the description of interventions can contribute to 
reducing avoidable waste in health research and 
to the efficient synthesis of evidence [25]. In add-
ition, clear and systematic reporting of intervention 
development can inform policy-makers’ decisions as 
to which interventions to adopt. For example, the 
smoking cessation website StopAdvisor was devel-
oped systematically [21] and, following a successful 
evaluation [26], is now being adapted and imple-
mented by Public Health England for roll-out across 
the UK.

Drink Less is an app for the general population of 
adults seeking digital support to reduce excessive 
alcohol consumption. The development and evalu-
ation strategy for the app followed UK Medical 
Research Council guidance on complex interven-
tions [27] and the Multiphase Optimization Strategy 
[28]. Both approaches recommend the use of theory 
and evidence in the selection of intervention compo-
nents and propose that the development of complex 
interventions is undertaken in a number of iterative 
phases with feedback loops [27, 28]. The Capability, 
Opportunity, Motivation-Behavior model was 
selected to inform the development of Drink Less 
on the basis that its breadth promotes a high-level 
assessment of the wide variety of possible individ-
ual influences on behavior, their interactions, and 
levers for behavior change [29, 30]. The Capability, 
Opportunity, Motivation-Behavior model posits 
that behavior results from interactions between 
“capability,” “opportunity,” and “motivation” [29, 30]. 
These three high-level components can be elab-
orated into the Theoretical Domains Framework 
[31]. The 14 domains of the Theoretical Domains 
Framework were the key influences described by 
behavior change theories [31, 32] and each com-
ponent (Capability, Opportunity, Motivation) can 
be mapped onto one or more of the Theoretical 
Domains Framework domains [31]. Together the 
Capability, Opportunity, Motivation-Behavior 
model and Theoretical Domains Framework provide 
a more detailed approach to understanding influ-
ences on behavior change [31] and an overarching 
theoretical structure for intervention development.

An intervention component is “any aspect of an 
intervention that is of interest and can be separated 
out for study” (p.  221 [33]). Components have to 

be distinct from other components, individually 
meaningful (i.e., based on a theoretical construct 
or domain), independent of time-sequencing, and 
implementable in any combination. Components 
may include individual or combinations of behav-
ior change techniques (BCTs) [34]—an observable, 
replicable, and constituent part of an intervention 
designed to change a specified behavior [35].

Intervention components can be translated 
into related app modules (the text, graphics, and 
functionality used to deliver the intervention com-
ponent) using a person-based approach for inter-
vention development [36]. Traditional user testing 
tends to focus on the hedonic or utilitarian quali-
ties of a technology [37, 38], and the person-based 
approach seeks to understand the appropriateness 
of the BCTs used and the challenges faced or antic-
ipated in adhering to them. In this way, acceptable 
and feasible BCTs can be identified and improved, 
with impractical or intrusive BCTs replaced.

This paper reports the systematic development of 
Drink Less to an appropriate stage for evaluation in a 
factorial randomized control trial.

METHODS
The development of the app consisted of the follow-
ing: (i) initial selection of intervention components 
and (ii) design and translation of the components 
into modules within a coherent and appealing app. 
The necessary research for development was con-
ducted at University College London, and related 
studies requiring ethical approval were reviewed by 
the UCL Ethics Committee under the “optimiza-
tion and implementation of interventions to change 
health-related behaviors” project (CEHP/2013/508). 
Phase 1 of development began in January 2014 and 
Phase 2 began in September 2014 with the final ver-
sion launched in May 2016. Figure 1 shows an over-
view of the app development process.

PHASE 1: SELECTION OF INTERVENTION COMPONENTS

Empirical evidence
The selection of intervention components was 
informed by an examination of the BCTs used in 
alcohol interventions [39] and by conducting two 
additional studies.

Expert consensus study
A formal consensus building exercise with seven 
international alcohol and behavior change experts 
was conducted to identify the intervention compo-
nents and engagement strategies believed to be the 
“best bets” for reducing consumption in an app-based 
intervention. Experts were asked to rely on their 
knowledge of the alcohol literature, and/or experi-
ence of designing or delivering behavior change 
interventions [40]. The overall exercise consisted 
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of a Delphi study with three rounds: (i) generating 
suggestions, (ii) rating, and (iii) ranking. Twelve inter-
vention components and 17 engagement strategies 
achieved consensus among the experts as likely to 
be effective [40]. Self-monitoring, goal setting, action 
planning, and feedback in relation to goals were the 
intervention components judged to have the greatest 
potential. The strategies most likely to engage users 
were ease of use, design, tailoring of design and infor-
mation, and unique smartphone features. This study 
has been published in full elsewhere [40].

App content analysis—most frequently used intervention 
components
A content analysis of popular alcohol-related apps 
was conducted to identify their BCTs and explore 
whether included BCTs were associated with app 
popularity or user ratings [14]. Of the 14 per cent of 
apps that had an alcohol reduction focus, the BCTs 
most frequently used were facilitate self-recording, 
provide information on consequences of excessive 
alcohol use and drinking cessation, and provide 
feedback on performance. This study has been pub-
lished in full elsewhere [14].

Theoretical framework
The Capability, Opportunity, Motivation-Behavior 
model and Theoretical Domains Framework pro-
vided an overarching structure within which to con-
sider other theories of behavior change and were 
used to conduct a behavioral analysis to identify 
potential facilitators of and barriers to behavior 
change [41]. The behavioral analysis of excessive 
alcohol consumption involved a scoping literature 
review of behavior change theories to identify factors 
associated with excessive alcohol consumption that 
could be targeted by intervention components in an 
app. This analysis indicated that the following com-
ponents were appropriate to include in an alcohol 
reduction app: provision of information, normative 
feedback, cognitive bias modification, self-monitor-
ing, action planning, identity change, evaluation of 
benefits and costs of drinking, and goal setting.

The empirical evidence and theoretical frame-
work provided multiple sources of information to 

directly inform the selection of intervention con-
tent for, and the design principles of, the Drink Less 
app (followed during the translation of intervention 
components into app modules). These sources of 
evidence provided the basis for the prioritization of 
intervention components for inclusion in the app. 
If the same intervention component arose multiple 
times, then there was an increased confidence in 
that particular component. The final decision for 
inclusion drew on researcher judgement. Multiple 
potential intervention components were identified 
and it was decided that the app should be used as a 
“toolbox” with users able to choose the components 
of the app that suited them best.

PHASE 2: DESIGN AND TRANSLATION INTO AN APP
The second phase of development required the 
translation of the selected intervention components 
into modules within a single app that was coherent 
and appealing to use.

Translating specified intervention components into app 
modules
First, the BCTs targeting the theoretical construct 
or domain (in terms of the Capability, Opportunity, 
Motivation-Behavior model and Theoretical 
Domains Framework) for each intervention com-
ponent were selected by the research team. Using 
BCTs to describe the potentially active ingredients 
of an app enables interventions to be designed in 
a systematic, replicable, and comparable manner 
[34]. The BCT Taxonomy Version 1 [34] was used 
to specify the intervention components of Drink Less.

Second, the research team used wireframes in 
the form of PowerPoint slides to describe how 
each intervention component should be translated 
into an app module (in terms of the text, graphics, 
and functionality) to the app developers (Portable 
Pixels—http://portablepixels.com/). The interven-
tion components were translated into app modules 
in close collaboration with expert and experienced 
app developers. Regular discussions between mem-
bers of the research team and the developers were 
conducted to ensure that the description provided 
of the intervention components was translated in 

Fig 1 | Overview of the app development process.
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ways that were feasible for users (judged by the app 
developers) and met the initial specification (judged 
by the research team).

Design principles
A number of design principles were followed in 
the development of the app. Users value a visually 
appealing and professionally designed app [40, 42, 
43]. Digital interventions need to be easy to use and 
their navigation needs to be intuitive and consistent 
throughout the app [43]. In-app notifications can 
encourage users to perform actions, and gamifica-
tion—the application of game-design elements and 
principles in nongame contexts—can increase inter-
vention use [40, 42, 43]. Other design principles 
recommend that the credibility of the information 
provided should be illustrated [42, 43], the language 
should be free of scientific jargon, and the amount 
of text should be minimized wherever possible [43].

Testing and iterating
An “agile” methodology for development was used 
as it delivers working software at regular intervals 
and allows the testing of individual modules before 
the app has been built in its entirety [44]. Testing 
was an extensive and iterative process that assessed 
whether all the elements functioned optimally from 
a user’s perspective. Modules went through numer-
ous iterations between the initial description of 
intervention components and the version released 
on the app store. Screens that required user input 
were tested with dummy data and the app was thor-
oughly examined for programming bugs before 
being released.

Informal testing was performed by members of 
the research team, their friends and family, and 
other staff and students at UCL. Testing included 
the app’s text, design and functionality, the registra-
tion and randomization process (for the subsequent 
evaluation), and the fidelity of data storage. The app 
build started in September 2014 and a first version 
was released for testing in May 2015. Formal testing 

was undertaken in a usability study of user views 
toward the app.

Usability testing
The usability study explored user views toward the 
app in order to determine whether the BCTs were 
acceptable and feasible to users and how they might 
be improved. The person-based approach to inter-
vention development was adopted, as this empha-
sizes the importance of understanding users’ views 
toward the acceptability and feasibility of inter-
vention components [36,45]. The usability study 
consisted of two parts: a think aloud study to under-
stand users’ first impressions and semistructured 
interviews to investigate user’s impressions of pro-
longed use in naturalistic settings [46]. Participants 
were recruited by researchers at University College 
London with purposeful sampling in order to ensure 
the views of disadvantaged groups were gathered. 
The mean interview length was 59 min, and partici-
pants gave informed consent and were compensated 
£20 for their time. Interviews were audio recorded, 
transcribed verbatim, and analyzed with thematic 
analysis. Issues identified by multiple participants 
or common to both parts of the study were given 
priority when making changes to the app [46]. For 
example, many users in both studies were confused 
about how to navigate the app after completing the 
registration process. To remedy this, a guide was 
added that encouraged users to set a goal, enter 
drinks, and explore the app. Users also expressed 
confusion about how to use different modules 
within the app, so an information button explain-
ing how to use each screen was added. This study 
is described in full elsewhere [46] and the full list of 
changes made in response to the findings is included 
in Supplementary File 2 (available online).

RESULTS
The development resulted in an alcohol reduc-
tion smartphone app that was centered around 
a goal setting intervention module and had five 

Fig 2 | Example screenshots from the Drink Less app.
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experimental modules for evaluation in a factorial 
randomized control trial: (i) Normative Feedback, 
(ii) Cognitive Bias Re-training, (iii) Self-monitoring 
and Feedback, (iv) Action Planning, and (v) 
Identity Change. In addition to the intervention 
modules, all users had to complete the Registration 
section and were given access to a Help section of 
the app. Example screenshots from the app are 
shown in Fig. 2.

INTERVENTION MODULES
The two phases for each intervention module are 
presented below: (i) rationale for selection and (ii) 
design and translation. Supplementary Table  1 
lists the theoretical constructs and domains that 
were targeted for each module, the BCTs used to 
deliver the intervention content (and the BCTs used 
in the “minimal” version for the experimental mod-
ules being evaluated) and the intervention module 
strategy/objective. Supplementary File 2 (available 
online) contains a full description of the intervention 
content with app screenshots.

Goal setting
The overall strategy of the goal setting module was 
to allow users to set different weekly goals and pro-
vide information on setting appropriately specific 
and difficult goals.

Phase 1: Rationale for selection
Goal setting has substantial evidence for its effective-
ness across many different behaviors and contexts 
[47–49]. Experts in alcohol and behavior change 
identified goal setting as a best bet for an interven-
tion component in an app [40]. Goal setting has 
been used in a number of existing digital alcohol 
interventions [50] and popular alcohol reduction 
apps [14] suggesting its feasibility for an app-based 
intervention. The evidence for goal setting as an 
effective BCT was considered sufficiently robust to 
include it as a feature that all users received (and was 
not tested experimentally) as there was a pragmatic 
need to structure the app around a feature that 
could promote engagement and facilitate the use of 
other intervention modules.

Phase 2: Design and translation
The BCT used was “goal setting (behavior).” Users 
were prompted to set a weekly “drinking reduction” 
goal (units, spending, alcohol free days, or calories) 
after completing registration.

The main screen of the goal setting module asked 
the question “I want to drink less because…?” in 
order to help participants establish an overarching 
reason for reducing their alcohol consumption. 
Their responses were prominently displayed on the 
Dashboard. Brief text explained some of the princi-
ples of good goal setting and there were links to “Set 
and view goals” and “How to set good goals.”

“Set and view goals” allowed users to set a new 
goal and contained a list of all active goals and any 
previously set goals. Users could choose between 
four types of goal with default options that provided 
recommendations for potentially suitable goals: 
units (14 units [51]), calories (1100—approximate cal-
orie equivalent of 14 units of average strength beer 
or wine), alcohol free days (3 [51, 52]), and spending 
(no default because the price of alcoholic drinks var-
ies considerably throughout the UK). If a unit goal 
was chosen, participants could click a link to see how 
many units were in typical drinks. “How to set good 
goals” provided more information on setting goals.

Goals were automatically set to recur every 
Monday but participants could deselect this option 
if they wished. On tapping the “Save” button a con-
firmation message appeared to let participants know 
they had successfully set a goal.

Normative feedback
Normative feedback is personalized feedback on 
how an individual’s behavior compares with the 
behavior of other people. The module informed 
users of the norm for alcohol consumption and 
alerted them to any discrepancy between the norm 
and their current levels of alcohol consumption.

Phase 1: Rationale for selection
Providing normative feedback was identified by 
alcohol and behavior change experts as a BCT 
likely to be effective at reducing excessive alcohol 
consumption in an app [40]. Normative mispercep-
tions, the underestimating of one’s own alcohol use 
compared with others, exist in the general popula-
tion [53] and greater normative misperceptions are 
associated with increased alcohol consumption [53, 
54]. Correcting these normative misperceptions can 
reduce subsequent alcohol use [55]. Social Norms 
Theory predicts that people behave in such a way 
that attempts to conform to the perceived norm 
[56], which can result in people behaving in a man-
ner that is inconsistent with their own beliefs and 
values [57].

Phase 2: Design and translation
Users’ normative misperceptions were assessed after 
completion of the Registration module. Users were 
compared against the following: the general popula-
tion, a subgroup of their gender and age, and only 
drinkers for both comparison groups, based on a 
representative sample of the general population in 
England [58]. Full details of the questions assessing 
users’ normative misperceptions and the comparison 
dataset are in Supplementary File 2 (available online). 
Normative feedback was provided in the form of the 
user’s percentile in a distribution of population alco-
hol consumption in England and what that meant for 
their alcohol-related risk relative to others. Visual rep-
resentations of the users’ reported drinking levels and 
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their normative misperceptions were used to minimize 
the text and make the screen more aesthetically pleas-
ing. Two separate visual representations of these data 
were chosen (a “gauge” and a “people infographic”) to 
increase the dose of the normative feedback provided.

Cognitive bias retraining
Cognitive bias retraining is typically a computerized 
task that aims to retrain automatic biases, such as 
approach and attentional biases, away from alco-
hol-related cues or stimuli. The module aimed to 
change approach biases to alcohol stimuli through 
an approach-avoidance style game in which users 
must avoid alcohol-related pictures and approach 
non-alcohol-related pictures.

Phase 1: Rationale for selection
Automatic biases in information processing of alco-
hol-related cues or stimuli, such as approach and 
attentional biases, predict alcohol use [59]. Dual pro-
cess theories of addiction suggest that excessive alco-
hol consumption occurs, in part, due to automatic 
processes when the impulses to drink overcome the 
inhibitory response not to [60,61]. Inhibition training 
is a type of cognitive bias retraining and was iden-
tified by experts as a BCT likely to be effective at 
reducing excessive alcohol consumption in an app 
[40]. Approach-avoidance training is another type of 
cognitive bias retraining that has been found to be 
effective at altering approach biases to alcohol-related 
stimuli and been shown to have a good efficacy in 
reducing subsequent alcohol consumption [62–64].

Phase 2: Design and translation
The game—named  “Yes please, No thanks”—used 
approach-avoidance training in an attempt to retrain 
biases to alcohol cues from an “approach” to an 
“avoid” bias [63]. A total of 40 images were used (20 
alcohol-related and 20 non-alcohol-related), selected 
from the validated Amsterdam Beverage Picture Set 
[65]. All the alcohol images were in the format asso-
ciated with “avoid” (“No thanks”), and nonalcohol 
images were in the format associated with “approach” 
(“Yes please”) [66].

Users approached or avoided the images using 
their finger to swipe the image (up for “avoid” and 
down for “approach”). When a user responded 
correctly, the screen flashed green and a “correct” 
sound was played, and if an incorrect response 
occurred, the screen flashed red and a sound indicat-
ing an error was played. Each game lasted 1  minute. 
Previous scores were illustrated using a bar graph to 
create a sense of competition (a principle of gamifi-
cation [67]) and promote further engagement with 
the intervention module.

Self-monitoring and feedback
Self-monitoring is the act of noticing and record-
ing goal-related behavior [68]. Feedback allows the 

current position in relation to the goal and rate of 
progress toward it to be determined [69]. The mod-
ule enabled users to record their alcohol consump-
tion and provided feedback on consumption, the 
consequences of consumption (mood, productivity, 
and sleep), and progress against goals.

Phase 1: Rationale for selection
Self-monitoring and Feedback are both recom-
mended by NICE clinical guidance as effective tech-
niques as part of interventions for alcohol reduction 
(as well as other health-related behaviors such as 
diet and smoking) [70]. Self-monitoring has been 
found an effective BCT in alcohol interventions [39]. 
Feedback on behavior and outcomes of behavior is 
a key component of face-to-face alcohol interven-
tions [71], has been commonly included in digital 
interventions [7], and has been found to augment 
the effect of self-monitoring [72,73]. Self-monitoring 
and feedback were ranked highly by alcohol and 
behavior change experts as BCTs likely to be effect-
ive in an alcohol reduction app [40].

Phase 2: Design and translation
The main aim when building the module was to 
make the process of recording drinks as easy as pos-
sible. Large numbers of users stop using health apps 
if they find data entry too burdensome [74, 75] and 
interventions which greatly increased the frequency 
of self-monitoring have been found to produce 
small-to-medium-sized improvements in goal attain-
ment [76].

Drinks were recorded by tapping a large link 
placed in the center of the bottom menu bar. Users 
could choose from six categories of drink and, once 
selected, could adjust the default entries for ABV 
(alcohol by volume), size, quantity, and price. An 
alcohol free day could also be recorded by tapping 
the “Alcohol Free Day” button, after which a pleas-
ing sound and animation was played and a large 
green tick and “Keep up the good work!” was dis-
played. Users were reminded to complete a log of 
their drinking at 11:05 am each morning, primarily 
through an on-screen alert.

The reminder that asked participants to log their 
drinking also asked them to report on their current 
mood, level of productivity, degree of clarity, and 
quality of the previous night’s sleep. Graphs dis-
played differences between scores after nights of 
heavy drinking compared with nights of no or light 
drinking for each measure, with the aim that a pos-
itive difference between scores may result in users 
increasing their motivation to drink less alcohol.

Feedback on consumption and the consequences 
of consumption was provided on the dashboard. 
The number of alcohol units consumed per week 
since the app was downloaded was displayed in a 
graph. The calories and money consumed from 
alcohol during the current week and since the app 
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was downloaded were displayed numerically. Brief 
feedback about performance against goal(s) in the 
week to date was displayed on the dashboard, and 
these linked to more detailed information about 
the progress against goals in the most recently com-
pleted week and since the app was downloaded.

In an attempt to prevent goal disengagement, pos-
itive reinforcement was provided when goals were 
met and motivational feedback when goals were 
missed. Positive reinforcement and motivational 
feedback were delivered in text form, for example, 
“Well done, you hit your goal. Keep going.” If users 
missed their goal by 20 per cent or more the app 
suggested the user might want to adjust their goal. 
These suggestions were only delivered after a goal 
had been exceeded or missed twice in a row in order 
to account for periods of unusual drinking behavior.

The drinking calendar displayed dates in months, 
beneath which were colored bars to indicate a no 
drinking day, light drinking day (greater than 0 units 
but less than 6 units), heavy drinking day (more than 
six units), or no record entered. Tapping a day when 
no drink was recorded displayed text that adhered 
to the Timeline Follow-back procedure [77] and 
prompted participants to look at their diary, text 
messages, or emails to jog their memory of their 
drinking for that day.

Action planning
Action planning, in the form of implementation 
intentions, is a prespecified behavior scheduled 
to take place when a situation expected to present 
challenges or opportunities for goal attainment is 
encountered [78]. The module allowed users to 
create implementation intentions for dealing with 
difficult drinking situations, explained why action 
planning could be helpful and gave examples of 
alcohol-related implementation intentions.

Phase 1: Rationale for selection
A meta-analysis of 94 trials found that implemen-
tation intentions had a medium-to-large positive 
effect on goal attainment across a wide variety of 
behaviors [78], including alcohol reduction [79–81]. 
Action planning was ranked highly by alcohol and 
behavior change experts as a BCT likely to be effect-
ive at reducing excessive alcohol consumption in an 
app [40].

Phase 2: Design and translation
The aims when building the Action Planning mod-
ule were as follows: to (i) make setting action plans as 
easy as possible and (ii) help participants understand 
why they should set an action plan in the first place.

The main screen of the Action Planning module 
briefly explained the benefits of setting an action 
plan and provided an example of one. Users could 
create action plans and were provided with numer-
ous examples. Users could review and edit the action 

plans they had set and were given details about the 
benefits of setting action plans and evidence to sup-
port their effectiveness.

Identity change
Identity change is the principle of adopting an iden-
tity that is incongruent with an undesired behav-
ior—in this case excessive alcohol consumption. The 
module’s aim was to help users separate alcohol con-
sumption from their sense of identity.

Phase 1: Rationale for selection
Excessive drinking is central to many peoples’ sense 
of self, particularly students [82]. The relationship 
between identity and behavior change has not been 
investigated in the field of alcohol research, though 
there is evidence from the smoking cessation litera-
ture that identity change may be an effective inter-
vention technique [83–85]. The PRIME theory 
of motivation proposes that identity is a source of 
motives, self-regulation, and stability of behavior 
[86]. Identity was also identified in a consensus 
approach as a theoretical domain to explain behav-
ior change [32].

Phase 2: Design and translation
This module (named “Drink + Me”) aimed to help 
users foster a change in their identity so that they did 
not see being a “drinker” as a key part of their iden-
tity. The main menu screen explained the general 
purpose of the module and listed its three strategies: 
(i) “Flipsides of drinking,” (ii) “Memos,” and (iii) “I 
am….”

“Flipsides of drinking” provided pairs of alco-
hol-related outcome expectancies: each pair con-
sisted of a positive expectancy (or benefit) and a 
negative “flipside” (or cost) that are important in 
influencing drinking behavior [87]. For example, 
“Drinking helps me think better” was paired with “My 
decision making is impaired and I  spend far more money 
than I intended.” This section aimed to highlight both 
the pros and cons of excessive drinking and reframe 
positive effects with their corresponding potential 
negative. Ten pairs of examples were provided, col-
lated from different studies [88] and scales [89], and 
users were encouraged to enter their own flipsides 
to make the section more personal and salient.

“Memos” allowed users to record video messages 
to watch at a later date and to set reminders to 
either watch these memos or record additional ones. 
The app suggested users record memos at different 
times, such as whilst sober, during drinking or after 
drinking, with different messages to themselves. 
Users could set a reminder to record or watch these 
memos at the most salient times.

“I am…” aimed to get users to identify the values 
of importance to their identity or sense of self in line 
with Self-affirmation Theory [90] and then consider 
whether their behavior after excessive drinking was 
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inconsistent with those values. Users were asked to 
list their personal “values of importance” [91] or 
select some from a list of examples based on values 
most commonly used in different studies [92] and 
considered of greatest relevance to the Drink Less 
app. Users were then prompted to consider which of 
these values they struggled to reconcile when drink-
ing too much. The section ended with examples of 
common “values of importance” to people, and pos-
sible ways in which someone’s behavior could be 
inconsistent with those values. On subsequent uses 
of the “I am…” section, users were given the choice 
of reviewing their previous entry or completing the 
section again.

REGISTRATION AND HELP SECTIONS
All users had to complete the Registration section 
on opening the app for the first time, which con-
sisted of five screens. Users were given details about 
the study and those who consented to participate 
then completed the AUDIT and a sociodemo-
graphic assessment that measured as follows: gen-
der, age, ethnicity, educational level, employment 
status, smoking status, and country. Users were also 
asked for their reason for using the app (“interested 
in drinking less” or “just browsing”) and to provide 
their email address (an inclusion criterion for the 
subsequent trial).

The “Help” section contained information about 
UK drinking guidelines, the harms of drinking, good 
goal setting, and advice for users who think that 
they might have a serious problem with their drink-
ing. Users could change the time they received the 
reminder to complete their drinking diary or turn 
this reminder off or back on. An “About the app” 
section included information on the team behind 
the app, their contact details, references for infor-
mation used in the app, the participant information 
sheet, details of the privacy policy, a link to opt-out 
of the trial, and a link to rate the app.

DISCUSSION

Summary of main findings
Drink Less is a standalone app-based intervention 
aimed at individuals in the UK who drink exces-
sively who are seeking digital support for alcohol 
reduction. It appears to be the first alcohol reduction 
app that has been systematically developed based 
on evidence and theory and using a person-based 
approach. The initial development resulted in a 
smartphone app centered around alcohol reduc-
tion goal setting with five independent intervention 
modules: (i) Normative Feedback, (ii) Cognitive Bias 
Retraining, (iii) Self-monitoring and Feedback, (iv) 
Action Planning, and (v) Identity Change. Early pro-
totypes were refined to make the app easy, reward-
ing, and beneficial to use. The modular app was 
developed with a rigorous evaluation strategy in 

place to identify the optimum combination of inter-
vention components to reduce excessive alcohol 
consumption, which underpins intervention opti-
mization according to the Multiphase Optimization 
Strategy.

Comparison with prior work
Although most apps for alcohol reduction targeted 
at the general population have not been formally 
evaluated [93], three apps for specific alcohol 
problems or populations have been examined in 
randomized control trials [94]. The “Promillekoll” 
and “PartyPlanner” apps targeted risky alcohol 
use in Swedish university students, though nei-
ther had a statistically significant positive effect on 
reducing alcohol use [95]. “A-CHESS” (Addiction 
Comprehensive Health Enhancement Support 
System) supported individuals in the USA with 
recovery from alcohol use disorders and was found 
to result in significantly fewer risky drinking days 
than in participants who only received treatment 
as usual [25]. However, the target population of the 
Drink Less app (general population of individuals 
who drink excessively in the UK) is substantially dif-
ferent from the target population for A-CHESS.

Strengths and limitations
Drink Less appears to be the first alcohol reduction 
app aimed at the general population of individuals 
who drink excessively to have reported a systematic 
and transparent approach to its development. The 
intervention components for Drink Less were selected 
on the best available empirical and theoretical evi-
dence, which included an expert consensus study. 
However, the final decision for inclusion drew on 
researcher judgement where there was no direct evi-
dence for the effectiveness of specific intervention 
components in an alcohol reduction app. This pro-
cess was still preferable to most alcohol reduction 
apps, which do not report the use of any evidence 
or theory during the intervention development [14].

There are multiple ways to conduct the transla-
tion of intervention components to app modules and 
if a different team of researchers and app develop-
ers conducted the same process, it is possible that 
they would have resulted in a different final app. 
However, the translation process was conducted in 
close collaboration with experienced app develop-
ers and based on design principles from previous 
studies. Therefore, it is likely that the intervention 
components have been implemented in Drink Less 
in one of the best possible ways to create a user 
friendly app.

The development of Drink Less is in accordance 
with the Open Science principles of making mate-
rials, data, results, and publications freely available 
[23]. As well as the reporting of the intervention 
development and modules, which may provide a 
helpful template to other researchers developing 
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health-related behavior change apps, the source 
code for the app will be shared on request with other 
researchers who wish to develop similar apps. This 
is important for efficient scientific progress as well 
as reducing development costs for other researchers.

There is no clear existing evidence base to work 
from as app interventions for reducing excessive 
drinking are a recent field of research. Therefore, it is 
important to use triangulation—different approaches 
to address the same underlying question—with evi-
dence from multiple sources when developing a new 
intervention [96]. The triangulation of findings is a 
strength of this development process and whilst each 
method has its own advantages and disadvantages, 
increased confidence can be given to intervention 
components that arise from multiple sources.

The app went through a number of iterations 
before being released, a process which accords 
with Medical Research Council guidance on com-
plex behavior change interventions [27] and the 
Multiphase Optimization Strategy [97]. Changes 
made to the app resulted from testing by research-
ers and a formal usability study [46]. It was deemed 
important to take time to develop a user friendly 
and engaging app as behavior change interventions 
need to engage users in order to be effective [98]. 
However, this involves a longer development pro-
cess and could increase the likelihood of the app 
becoming obsolete, as digital technology already 
advances faster than the speed at which interven-
tions are typically developed and evaluated [99]. To 
resolve this conflict, digital intervention developers 
are encouraged to iterate rapidly, releasing, testing, 
and improving new versions until one suitable for 
experimentation is found. Due to time constraints, 
usability testing was only conducted with the initial 
version of the app, not the final one.

Future research
Drink Less was developed with intervention compo-
nents designed in independent modules with two 
versions—“enhanced” (hypothesized active ingredi-
ents for reducing alcohol consumption) and “mini-
mal” (control)—to facilitate optimization according 
to the Multiphase Optimization Strategy. The inde-
pendent and interactive effects of the intervention 
modules at reducing excessive alcohol consumption 
have been investigated in an initial factorial rand-
omized control trial [100]. The factorial evaluation 
is a crucial first step for optimizing the intervention—
by informing decisions whether to then include or 
remove individual intervention components—before 
evaluating the app as a single multicomponent pack-
age in a full randomized control trial [27, 28, 97]. 
The factorial randomized control trial of Drink Less 
could inform and provide useful information for the 
development of future digital behavior change inter-
ventions, as well as future versions of the app.

The app was launched in May 2016 with an 
active dissemination strategy that involved promo-
tion through relevant organizations (e.g., Public 
Health England, Cancer Research, UK) and listing 
in the iTunes Store according to best practices for 
app store optimization (e.g., careful selection of 
keywords, a well-written description and illustrative 
screenshots). The app now consistently appears in 
the top three of results for “alcohol” searches in 
the UK App Store and there have been approxi-
mately 17,000 unique downloads in the UK since 
its launch.

Drink Less is currently only available for UK users 
and on iPhone operating systems. The decision to 
make the app UK-specific was based on the differ-
ences in the standard definition of units between 
countries, which would require additional coun-
try-specific coding. A  single delivery platform 
was chosen as we considered it important to focus 
resources on developing a native app that would 
provide a better user experience. If effective, Drink 
Less can be taken as a proof of concept, developed 
on Android and released worldwide, to reach a 
larger proportion of users. There is no evidence 
currently for whether the app will generalize to 
people outside of the UK, though there are a num-
ber of parts to the app (e.g., units, country-specific 
guidelines, and country-specific alcohol consump-
tion comparisons) that would need to be adapted 
before the app could be used elsewhere. However, 
as Drink Less has been developed in accordance 
with the Open Science principles, and as its code 
is available to researchers on request, there is the 
potential for other researchers to build further 
on the app by extending the reach to other geo-
graphic regions and, potentially, specific target 
populations.

CONCLUSIONS
Drink Less is the first alcohol reduction app to our 
knowledge that has been systematically developed 
based on evidence and theory, using a person-based 
approach. Drink Less is centered around a goal set-
ting intervention module and has five experimen-
tal modules: Normative Feedback, Cognitive Bias 
Retraining, Self-monitoring and Feedback, Action 
Planning, and Identity Change. Drink Less has been 
developed with a rigorous evaluation strategy in 
place, to identify the optimum combination of 
intervention components to help individuals who 
drink excessively to reduce their consumption of 
alcohol. A well-designed and effective intervention 
to reduce excessive alcohol consumption would 
have important implications for public health. The 
development of Drink Less is in line with the Open 
Science principles, to support the efficient opti-
mization of future interventions and reduce trial 
wastage.
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SUPPLEMENTARY MATERIAL
Supplementary material is available at Translational 
Behavioral Medicine online.
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