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Abstract

Introduction: Behavior change is key to public health measures that have been issued
in many countries worldwide to contain COVID-19. Public health measures will only take
preventive effect if people adhere to them. Interventions based on health psychology
approaches may promote adherence to public health measures. However, evidence from
randomized controlled behavior change trials during an ongoing pandemic are scarce. Based on
the example of hand washing with soap, we aim to optimize and test a digital, theory- and
evidence-based behavior change intervention to prevent COVID-19.

Methods and analysis: This protocol describes the Multiphase Optimization Strategy
(MOST) for the preparation, optimization and evaluation of the app-based theory- and
evidence-based intervention soapp. The app aims to promote correct hand hygiene at key times
in the adult general population. The study will be conducted in German-speaking Switzerland.
In the preparation phase, relevant behavioral determinants of hand hygiene during a pandemic
were identified based on health behavior theories and formative research with focus groups
(N=8). In the optimization phase, the most effective, and acceptable combination and sequence
of three intervention modules will be identified in a parallel randomized trial (N=387) using
ANOVA and regression analysis. Additionally, thematic analysis of qualitative interview data
(N=15) will be used to gain insights on feasibility, usability and satisfaction of the intervention.
In the evaluation phase, the optimized intervention will be tested against a control group
(=treatment as usual) in a randomized controlled trial (N=205), analyzing pre-post differences
and 6-month follow-up effects using ANOVA and regression analysis.

Ethics and dissemination: The Cantonal Ethics Commission Bern of the Swiss
association of research ethics committees approved the study.

Trial registration number: This trial was prospectively registered at

ClinicalTrials.gov: NCT04830761.
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Introduction

Although scientists and international organizations had warned about the inevitability,
proximity and severity of the next pandemic of infectious disease, the world was poorly
prepared for the current coronavirus pandemic !. Starting in 2019, the coronavirus SARS-CoV-
2 has been spreading rapidly worldwide, leading to a pandemic outbreak of coronavirus disease
(COVID-19), which has caused a global health crisis resulting in 4 027 858 deaths worldwide
to date 2. Public health recommendations target a series of infection prevention behaviors that
can contain the rapid spread and transmission of the virus, which in turn will alleviate the
pressure on the health care system and save lives °. Behavior change interventions that aim to
increase adherence to these preventive behaviors are highly recommended *. Besides other
prevention behaviors such as isolation and wearing face masks, hands are the most common
mode of transmission of pathogens >, and correct hand washing is the most effective method
for decreasing transmission of infection °. Besides COVID-19, a meta-analysis suggests that
hand hygiene interventions may reduce rates of gastrointestinal illness by 31% and respiratory
illness by 21% . Hand hygiene includes correct hand washing or disinfection, performed at
key times, e.g. when coming home 7. However, the abrupt change of a habitual behavior such
as hand hygiene can be challenging 8. Thus, promoting correct hand hygiene at key times in the
general population is important to prevent the spread of various diseases such as the SARS-
CoV-2.

Health behavior change interventions based on key behavioral determinants can
significantly augment the effectiveness of informational interventions . For example, a web-
based intervention for hand hygiene based on different behavioral determinants reduced the
number and severity of respiratory infections !!. However, as only a few handwashing
interventions have included theory, little is known which behavioral determinant is most

effective 2. The present study focuses on behavioral determinants based on the theoretical



domains framework (TDF) '*. The TDF combines different theories related to behavior change
and defined 14 different domains, for example knowledge, beliefs about capabilities or
intentions. The TDF has been suggested as a suitable theoretical framework to develop
COVID-19 preventive behavior change interventions 4.

During an ongoing pandemic where social contact should be limited, app-based
interventions have the advantage that no personal contact is needed, yet can be personalized
and reach people in their daily lives. It has been postulated that health behavior interventions
that are based on smartphone apps represent a potential pathway to deliver relevant behavior
change techniques !° in real life that could lead to substantial population-level impact and long-
term health behavior change '°. Therefore, app-based interventions applying a theoretical
approach to promote health hygiene in everyday life are highly promising in the context of a
pandemic.

Research aim

The current project “BECCCS - Behavior Change in Context to Contain the Spread of SARS-
CoV-2” aims to develop, optimize and test an effective app-based behavior change intervention
to promote hand hygiene at key times. In addition to arriving at robust conclusions, we aimed
for timely results to contribute to the relief of the ongoing COVID-19 pandemic. We used the
rigorous yet efficient MOST methodology (multiphase optimization strategy) '’ to develop the
intervention based on theory and formative research. The MOST methodology provides an
efficient methodology to develop an optimized multicomponent intervention in a systematic
way in three distinct phases: preparation, optimization and evaluation. The MOST was deemed
particularly suitable during a pandemic, because prior knowledge on the most effective
behavior change strategy in this context was scarce. The available funding for our study

allowed for the development and test of three distinct intervention modules. Next, we briefly



describe the preparation phase, where the intervention modules were developed. We will then

focus on describing the study protocol for the optimization and evaluation phases.

Preparation Phase

In the preparation phase, we aimed at identifying the most promising behavioral
determinants of hand washing behavior to tackle in the interventions. To this end, we
conducted a rapid review of the hand washing behavior change literature as well as focus
groups to obtain the target population’s perspectives on hand washing with soap during the
pandemic.

Our literature review indicated that interventions based on constructs such as intention
or beliefs about capabilities, e.g. self-efficacy, have been found to be more successful to
increase hand hygiene than interventions based on constructs such as knowledge alone %8, In
addition, there is evidence that hygiene behavior is reliably related to habit, defined as the
mental association between a cue and a behavior °, over and above other signification
predictors such as intention and knowledge 2. Intention can be fostered through higher self-
efficacy, attitudes, risk perception and outcome expectancies, as these constructs can operate in
concert with intention '*?!, Self-efficacy is defined as a feeling of competency regarding a
person’s ability to overcome barriers in everyday life ?2. Attitudes is the person’s subjective
probability that performing a behavior of interest will lead to a certain outcome 3. Risk
perception is the perceived vulnerability to one’s own health and outcome expectancies are
influential beliefs in the motivation to change, e.g. a consideration of the pros and cons of
behavior consequences 2. Habit formation can be achieved through increased action planning
and action control 8. Action planning can help to initiate an action by specifying when, where

and how to act and can be considered synonymous with implementation intentions 2!, Action



control is a self-regulatory strategy for promoting maintenance of an enacted behavior through
the continual monitoring and evaluation of a behavior against a desired behavioral standard 2!

As the current project focus on intervention effects that are relevant during an ongoing
pandemic, we additionally conducted focus groups to investigate how people from the Swiss
general population experienced, perceived and implemented hand hygiene as a preventative
measure to contain the spread of SARS-CoV-2. The aim was to examine relevant predictors for
hand hygiene in everyday life specifically during an ongoing pandemic. The focused group
discussions were analyzed with the mind-mapping approach for representing the key themes
raised during the focus groups **. We subsequently allocated the themes to the categories of the
TDF. The most frequently mentioned categories were social influences, motivation and goals.
The literature review and the results of the focus groups are described in detail in the online
supplementary file.

Overall, there was high convergence between the results of the literature review and the
focus groups in that motivation and social influences emerged as important behavioral
determinants in both sources. We therefore decided to dedicate one intervention module to
promoting motivation for hand washing at key times (beliefs about consequences, self-efficacy,
intention), whereas a second intervention module focused on social influences with the main
focus on social norms including injunctive and descriptive norms '**. Third, we decided to
dedicate the third intervention module to habit processes due to strong theoretical and empirical
evidence that habit is a key process in hand hygiene 2°. The intervention modules are explained

in detail in the optimization phase, which is presented next.



Figure 1
Multiphase Optimization Strategy Design of the BECCCS Study (Behavior Change in Context

to Prevent the Spread of SARS-CoV-2)
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Note. Abbreviation: R = Randomization; RCT = Randomized controlled trial.

Optimization phase
Aim of the optimization phase

The aim of the optimization phase is to identify the most efficient, cost-effective and
scalable combination and sequence of the three different intervention modules motivation,
habit and social norms, and to assess usability and fidelity measures in order to optimize the
intervention. The following hypotheses will be tested:

H1: The intervention groups show a significant increase in correct hand hygiene at key
times after four weeks (T3) of intervention compared to baseline (T1).

H2:  The intervention groups significantly differ in their effects on correct hand hygiene at
key times (T1-T3).

If the groups significantly differ, the groups will be compared with post-hoc tests, to identify



the most effective intervention group. Further, we are interested whether a 4-week intervention
is more effective than a 2-week intervention within the same module.

Secondary analyses will investigate the following hypotheses:
H3:  The intervention groups show a significant increase in correct hand hygiene at key
times after four weeks (T3) of intervention compared to baseline (T1).
H4:  The groups attending a motivation module show a significant increase in a) intention, b)
self-efficacy, ¢) outcome expectancies and d) attitude from the start of the intervention to the
measures two (T2) and four weeks (T3) into the intervention compared to baseline (T1).
HS5:  The groups attending a habit module show a significant increase in a) habit strength, b)
action control, and c¢) planning from the start of the intervention to the measures two (T2) and
four weeks (T3) into the intervention compared to baseline (T1).
H6:  The groups attending a social norms module show a significant increase in a) injunctive
norms and b) descriptive norms from the start of the intervention to the measures two (T2) and
four weeks (T3) into the intervention, compared to baseline (T1).
As exploratory research questions, the intervention effects on self-reported symptoms of
infection or COVID-19 will be analyzed, and how the participants evaluate the intervention
regarding perceived usability, satisfaction and other user experience evaluation scales.
Additionally, to collect in-depth information about feasibility, usability and satisfaction of the
intervention, a qualitative survey will be conducted with a small subsample.

Methods

Design

For the optimization phase, a parallel randomized trial will be conducted. All
participants are randomized to one of nine intervention groups in a 1:1:1:1:1:1:1:1 ratio, and
will complete two consecutive intervention modules accordingly (see Figure 1). An even

randomization procedure is applied that has the advantage of increasing the comparability



between groups by keeping the number of subjects' ratio almost the same **. For a small
subsample (n=15) in the optimization phase, qualitative interviews will be conducted to collect
in-depth information about feasibility, usability, satisfaction of the intervention. The subsample
was recruited according to the hand hygiene adherence at T3. The aim was to recruit five

participants in each adherence group: low adherence, medium adherence and high adherence.

Population and participants

The study population for both the preparation and optimization phase is the interested
Swiss general population. Persons participating in the optimization and evaluation phase must
(1) be at least 18 years old, (2) own a smartphone with mobile access to the internet, (3) be
proficient in the German language to the degree that they understand the contents and
instructions of the study, (4) and have signed an informed consent form to participate in the
study.

Sample size calculation. According to the main research question for the optimization
phase, the sample size is calculated with a repeated measure ANOVA with a within-between-
interaction. In the optimization phase, n = 387 subjects are to be randomized. This sample size
was determined with an a priori power analysis with g*power *°. The aim is that a statistical
analysis using repeated-measure ANOVA with a within-between-interaction and with a power
of = .80 and a = .05, a small effect of /= 0.1 should be detectable. Accounting for 20%
attrition, this leads to n = 465 for the enrolment in the optimization phase.

Outcome measures

The primary study outcome is the frequency of correct hand hygiene at key times. For
this purpose, an electronic hand hygiene diary is administered. On diary days, participants
indicate five times daily whether one of the 13 key hand hygiene situations occurred, defined

by the Swiss Federal Office of Public Health (e.g. arriving home, after using the toilet, see
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Table 2). For each situation that occurred, participants will be asked: How many times did you
correctly wash or disinfect your hands [in key situation]? The response ranges from never (1)
to always (4). The primary outcome correct hand hygiene at key times will be represented by
the mean reported frequency of correct hand hygiene across all indicated key times and,

ranging from 1-4.

Table 2

List of all key times, when to perform correct hand hygiene according to the Swiss Federal
Office of Public Health*.

Number Key times Type

1 Before preparing the meal or before sitting down at General
the table

2 Before eating or before feeding the children General

3 After blowing your nose, sneezing or coughing General

4 Every time you come home General

5 After using public transport General
After visiting sick people or after close contact with

6 material from sick people or with theirs personal General
effects

7 Before inserting and removing the contact lenses General

8 After taking off the mask General

9 After going to th'e toilet or accompanying a child to General
the toilet (including after changing diapers)

10 After handling waste General

11 If you have dirty hands or if they are visibly dirty General

— . COVID-19
12 After visiting public places specific
13 After touching surfaces outside the home or money COYID-19
specific

Note: The type General indicates key times that are recommended in general and before the
COVID-19 pandemic occurred; * information from the Federal Office of Public Health of
Switzerland #'.
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To ensure that the intervention is delivered as expected and successfully implemented,
intervention fidelity and further secondary outcomes will be assessed. Secondary outcomes are
the frequency of incorrect hand hygiene at key times as well as the following behavioral
determinants: (1) intention *3, (2) risk perception #°, (3) outcome-expectancies *°, (4) action and
coping planning *3, (5) habit strength (Self-Report Behavioral Automaticity Index; SRBAI, >°,
(6) injunctive and descriptive norm (Theory of Planned Behavior Questionnaire) !, (7) attitude
(TPB Questionnaire) >!, (8) action control 32, (9) self-reported flu-like infection symptoms, (10)
self-reported statement of the occurrences of Covid-19, (11) user engagement >3, (12)
intervention usability and satisfaction for trials and qualitative survey °*>, and (13)
intervention fidelity for trials and qualitative survey.

Additionally, intervention module-specific questions will be assessed after each module
to assess the acceptance of the modules. For the motivation module e.g. “The instruction of the
problem-solving steps task was comprehensible”, for the habit module e.g. “The majorities of
my implementation intentions worked fine” and for the social norms module e.g. “I felt

motivated from the other users for the behavior correct hand hygiene at key times”.
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Procedures

For the optimization phase, the total study duration (recruitment and data collection) is
six months (start: 26.3.2021) until a total sample size of 465 participants has been enrolled. In
the optimization trial, the duration of the study for each participant is five weeks. Figure 2
illustrates the study procedure for the optimization phase. After downloading the study app,
participants receive the baseline questionnaire T1. The day after T1, participants fill in a hand
hygiene diary. The diary includes five 1-minute-questionnaires during one day to avoid
retrospective bias in reporting hand hygiene >°. The intervention will take four weeks and
includes two modules of two weeks each. During the first module, participants will fill in
another hand hygiene diary at the end of each week (two in total during one module). After the
first module, participants will receive the second questionnaire (T2). After T2, the second
intervention module follows within the same structure. After the second module, participants
receive the last questionnaire (T3). Finally, participants who were given the option and
volunteered for the qualitative study will be interviewed via telephone by a study team
member. This 30-minutes-interview entails questions about the usability of the app and the
overall experience with the intervention modules. This information will be used to optimize the
study app before starting the evaluation phase.
Enrolment

The sample will be recruited via social media, mailing lists and leaflets with the help of
a recruitment company located in Bern, Switzerland. By posting advertisements on different
sites such as Facebook and applying different recruitment channels by sending our online study
flyer, the recruitment aims to collect a stratified sample, which is based on gender, socio-
economic status and age to allow the generalizability of results to the adult Swiss population.

Those who click on the link of the campaign will be led to a landing page with the relevant

13



study information. On this site, participants can enter their e-mail address to receive a link to

the study.

Figure 2

Procedure study optimization phase

T1 Intervention module | ™ Intervention module II T3
— | —
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17:00 17:00 17:00 17:00 17:00
20:00 20:00 20:00 20:00 20:00 !
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Days 1 2 3 8 16 17-18 19 24 32 33-34

Note. This figure shows the study procedure in the optimization phase, which includes two
consecutive intervention modules, three main surveys T1-T3 and five daily diaries with five
short questionnaires at fixed times during the day.

The informed consent procedure takes place online, consistent with the safety
measurements issued by the Swiss government concerning COVID-19. Participants access an
online survey with detailed information about the study and an e-consent form to provide
consent to the study electronically. Participants are not only provided with written study
information, but are also informed orally about the study by means of an audio-visual
presentation. Participants can download a copy of the online consent form at the end of the
survey. An e-consent framework on mobile devices has been shown to be easy-to-use,

satisfying, and engaging, allowing users to progress through the consent materials at their own

pace .
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The recruitment for the sub-sample is based on their adherence to correct hand hygiene
at key times at T3. We aim to recruit five participants in three categories: low adherence,
medium adherence, and high adherence. Recruitment of this subsample will be stopped when
five participants in each of the three adherence groups have agreed to take part in the interview.
Data collection

Quantitative data collection. All quantitative measures will be collected using online
questionnaires implemented in the app. As illustrated in Figure 2, participants receive a
questionnaire at the beginning (T1), after the first module (T2) and after the second module
(T3). The primary outcome the secondary outcome incorrect hand hygiene at key times will be
assessed in the diary. All other secondary outcomes will be collected at T1, T2, and T3. An
overview of all measures in the optimization phase can be found in the online supplementary
file.

As an incentive, all participants who are participating in either the optimization phase or
the evaluation phase will have the chance to win one of three iPhone 12 after both phases are
conducted. Further, to prevent attrition, after two weeks, participants are offered to receive a
small gift, which is a hand soap and a thank you card.

t 33, acceptability %,

Qualitative data collection. Post intervention user engagemen
usability >* and satisfaction will be explored using qualitative semi-structured telephone
interviews. The interviews will be transcribed using a verbatim/denaturalized approach >°. The
pseudonymized transcripts will be analyzed using thematic analysis ¢°. After the production of
initial codes from the data, the codes will be grouped into themes. Conclusions will be drawn
on possible improvement of soapp to optimize intervention effectiveness and usability.
Intervention

In the optimization phase, the three intervention modules motivation, habit and social

norms will be tested against each other. They each take two weeks and are comparable in terms
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of user time and extent of content. A basic module will provide information on hand hygiene to
all participants. The modules will be delivered to participants via their personal smartphone
through the study application soapp, allowing high reach of the general population. The soapp
app contains all necessary information and no direct contact with the study team is required.
Below, the content of each module is summarized. Table 4 outlines all details of the different
modules and shows the allocated TDF domains and BCTs.

Basic module. The basic module entails the registration process (i.e., selecting a call
name), general information about the study app and its purpose as well as specific information
on correct hand hygiene at key times in the context of COVID-19. This information is available
in the app for all participants during the entire intervention period. After reading the
information, participants are prompted to make an implementation intention to organize
disinfectant or soap to prepare for correct hand hygiene at key times.

Motivation module. The motivation module focuses on the construct intention,
attitudes towards the target behavior, risk perception, outcome expectancies, and self-efficacy.

Participants receive information about bacteria, germs, and contamination processes and
watch a video about the contamination process after using the toilet ®!. Further, participants are
instructed to list all pros and cons for performing correct hand hygiene at key times. If they
cannot generate more pros than cons, they will receive a list with more pros. In addition,
participants are prompted to monitor challenges when performing hand hygiene in their daily
lives, and to note these in a diary. After the monitoring phase, participants are guided through
four problem-solving steps: describing the problem, finding alternative solutions, selecting a
solution, implementing and evaluating the selected solution 2. To boost self-efficacy
participants are advised to think about their previous successes in performing hand hygiene,
and they receive push-notification as a reminder. Additionally, participants receive persuasive

messages reinsuring them of their capabilities to perform the behavior.
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Habit module. The aim of the habit module is to guide participants to perform correct
hand hygiene at self-selected key times repeatedly based on a cue-action response and reach
habit formation .

The habit module first includes a brief introductory video explaining the basic principles
of habit formation. Then, participants are asked to identify suitable cues (situations in their
daily routines, when hand hygiene is required) and keep them in a diary. Participants’ notes
will then be used to form an implementation intention for each identified cue. During the
intervention period, participants are prompted with notifications to follow their implementation
intentions, and to modify them if necessary. Additionally, participants will get information on
how they can further support the process of habit formation by installing physical reminders
(e.g., post-it notes). Finally, participants can activate automated push-messages, working as
reminders for upcoming key situations to perform hand hygiene.

Social norms module. The social norms module aims to promote correct hand hygiene
at key times by fostering injunctive and descriptive norms and social identification **. First, the
social norms module presents instruction about the functionality of the module. As a key
function, participants note their performance of correct hand hygiene at key times of a
particular day in the evening (from 0% to 100%). Participants’ performance scores are posted
in a scoreboard in the Community Room, and are also shared in the daily newsfeed. On the
score board, participants can compare their own hand hygiene with the behavior of the other
group members. Participants can react to others’ performance scores with emoticons or
available standard comment options to endorse each other’s behavior. Further, participants read
quotes with phrases from healthcare professionals, who emphasize the importance of correct
hand hygiene at key times. Another task is to interview a self-chosen significant other (e.g.,
romantic partner) about their positive attitudes towards hand hygiene. Participants can note the

significant other’s statement in soapp as a reminder. Further, participants are instructed to print
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or draw eyes and put it above their sinks ®*. Finally, participants randomly receive push
notifications throughout the intervention in order to further support the perception of norms, to
emphasize social comparison or to remind participants to reward each other.

Data analysis

The comparative effects of the intervention will be determined as between-group
differences in changes in primary and secondary outcomes from T1 to T3 using repeated-
measure ANOVA with a within-between-interaction.

To select and optimize the intervention for the evaluation phase, two optimization
criteria are defined that will be analyzed after the data in the optimization phase has been
collected. The first optimization criteria to select the best intervention group is the primary
study outcome. Therefore, the correct hand hygiene behavior at key times at T3 will be
compared between all nine intervention groups. For the second optimization criteria, the
quantitative and qualitative data of the constructs satisfaction, usability and engagement in
regards of the different modules will be analyzed.

Data management, data security and quality control. All data for the intervention,
the questionnaires T1-T3 and the diary are assessed using the Qualtrics services. The data for
the consent forms are assessed using REDcap services. These services apply highest levels of
data security. At the University of Bern, only members of the research team and an
independent trial monitor have access to the system of Qualtrics. Data integrity will be
enforced through a variety of mechanisms, i.e. referential data rules, valid values, range checks,
and consistency checks. All questionnaires will be tested by members of the research team
before employing them in the study. In the intervention, no data is collected that can identify
participants. The qualitative data are recorded from the responsible team member and stored as
a pseudonymized transcription for each participant on the protected server of the University of

Bern.
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Evaluation phase
Aim of the evaluation phase

In the evaluation phase, the optimized intervention will be tested against a control group
(treatment as usual) to test short and long-term effects for correct hand hygiene at key times.
H7: The intervention group shows a greater increase in correct hand hygiene behavior at key
times at the post measure (H7a) and at 6-month follow-up (H7b) compared to the control
group.

HS8: The intervention group shows a significant increase in the targeted behavioral determinants
that are included compared to the control group at the post-intervention measure (H8a) and at
6-month follow-up (H8b). [the exact behavioral determinants depend on the results of the
optimization phase].

Methods

Design

In the evaluation phase, the optimized intervention will be compared to treatment as
usual in a randomized controlled trial. After random assignment, all participants will have
access to the information of the Federal Office of Public Health 4’ on infection prevention
behaviors, specifically on hand hygiene (treatment as usual). The intervention group will
additionally receive the optimized intervention.
Population and participants

The study population for both phases are the same and are described in the optimization
phase above.
Sample size calculation

In the evaluation phase, 205 new subjects are to be randomized. The aim is that a
statistical analysis using an independent samples t-test adopting an error probability and

statistical power of a = .05 and = .80, at least a small to intermediate intervention effect of
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Cohen’s d = 0.35 should be detectable ®°. Accounting for 20% attrition, this leads to n = 245
for the enrolment in the evaluation phase.
Outcome measures

In the evaluation phase, the same primary and secondary outcomes will be investigated
as in the optimization phase. Also, the same analyses for intervention fidelity will be applied as
described in the optimization phase.
Procedures

For the evaluation phase, the total study duration (recruitment and data collection) is
nine months (start 01.01.2022) until a total sample size of 245 participants has been enrolled.
Figure 3 illustrates the study procedure for the evaluation phase. After downloading the study
app, participants receive the baseline questionnaire and subsequently fill in the first hand
hygiene diary. Afterwards, participants are invited to use a 4-week optimized intervention
consisting of the content identified as most effective to promote correct hand hygiene at key
times in the optimization phase. Again, participants fill in a hand hygiene diary at the end of
each week during the intervention. After the intervention, participants are asked to fill in the
post-test questionnaire. Finally, participants will receive a 6-month follow-up, which includes a
diary day and the follow-up questionnaire. At the end of the study, all participants will be

informed about the purpose and the aim of the study by email.
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Figure 3

Procedure evaluation phase
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Note. This figure shows the study procedure in the evaluation phase, which includes the final
intervention, three main surveys (pre-test, post-test, 6-month follow-up) and six daily diaries
with five short questionnaires at fixed times during the day

Enrolment

The evaluation phase includes the same enrolment procedure as described in the
optimization phase
Data collection

Quantitative data collection. Data collection for all quantitative measures is the same
as in the optimization phase using the study app soapp. As illustrated in Figure 3, participants
receive a questionnaire at the beginning (pre-test), after the intervention (post-test) and after 6
months (follow-up). As in the optimization phase, all participants will have the chance to win
one of three iPhone 12 and are offered to receive a small gift after two weeks.
Intervention

Based on the results of the optimization phase in accordance to the optimization criteria,
the optimized intervention includes the most effective, and acceptable combination and

sequence of the three intervention modules.
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Data analysis

The effects of the intervention will be assessed as changes in primary and secondary
outcomes from pre-test to post-test and follow-up using an independent samples t-test.

Data management, data security and quality control. The same data management,
data security and quality control will be applied as described in the optimization phase.

Trial status

The preparation phase including the development of the intervention modules and the
programming of the study app has already been completed on 9.7.2020 (cf. Figure 4). The
ethical approval has been obtained (Cantonal Ethics Commission Bern from the Swiss
association of research ethics committees; Protocol ID: 2021-00164). At the time of manuscript
submission, 279 people have registered for participation in the study, and 127 participants have
already completed the study. Recruitment for the optimization phase will continue until August
2021 and the enrolment for the evaluation phase will take from January to March 2022 and
data collection ends in September 2022 (see Figure 4).

Figure 4

Study timetable with the preparation, optimization and evaluation phase from 2020-2022.
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s [o|n]o]ualF [Mda [m]ou]uufa |s Jo [~ [D]ualF [MdA [M[oulsufa [s [o]n[D

| Preparation phase
Literature search

Focus groups

App development
Ethical approval

Il Optimization phase
Parallel randomized design
Qualitative Inteniews
Data analysis

App optimization

Il Evaluation phase
RCT

Data analysis

RCT Follow-up

Data analysis Follow-up

Note. S = September, O = October, N = November, D = December, Ja = January, F = February,
Ma = March, A = April, M = May, Ju = June, Jul = July, A = August.

22



Ethics and dissemination

Consent to participate
All participants will provide online consent with an e-sign prior to any study
procedures. Participants can download their consent directly after the registration is finished

and receive the consent document signed by the PI by email after 1-2 weeks.

Acknowledgements

We thank the entire BECCCS research team and the computer science team
(Technologieplattform, Faculty of Human Sciences, University of Bern) for realizing the app
soapp. Also, we thank gfs.bern for their recruiting support and the Ursula Wirz-Stiftung for
funding. We sincerely thank Prof. Maria Del Rio Carral and Prof. Carlo Fabian for their
valuable support during the preparation phase.

Contributors

JI wrote the grant proposal and obtained funding; JI and MA developed the design and
study procedures; JI, MA, GGR, CA and MB obtained ethical approval; JI and MA
conceptualized the data monitoring procedures; All authors contributed to writing and revising

this manuscript.

Funding

This project was supported by Ursula Wirz-Stiftung. Contact details: Ursula-Wirz-
Stiftung, p. Adr. Rudolf Buri (Notar), Seftigenstrasse 2, Postfach 333, 3000 Bern 14,
Switzerland.

Competing interests

There are no conflicts of interest. This study is conducted and the results are published

independently of the funding agency. The intellectual property remains that of the study team.

23



Open access

This is an open access article distributed in accordance with the Creative Commons
Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute,
remix, adapt, build upon this work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited, appropriate credit is given, any
changes made indicated, and the use is non-commercial. See: http://
creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Melanie Amrein 0000-0002-0719-5109

Jennifer Inauen 0000-0002-7884-3222

24



References

10.

1.

12.

World Health Organization. A world at risk: Annual report on global preparedness for
health emergencies. Global Preparedness Monitoring. Published online 2019.
https://apps.who.int/gpmb/assets/annual report/GPMB_Annual Report English.pdf

World Health organization. Coronavirus disease 2019 (COVID-19) situation report.
Published 2020. Accessed July 13, 2021.
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports

World Health Organization. Survey tool and guidance: Rapid, simple, flexible
behavioural insights on COVID-19. Published online 2020.
https://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-
19/publications-and-technical-guidance/risk-communication-and-community-
engagement/who-tool-for-behavioural-insights-on-covid-19/survey-tool-and-guidance-
behavioural-insights-on-covid-19-produced-by-the-who-european-region

Michie S, West R. Behavioural, environmental, social, and systems interventions against
covid-19. BMJ. Published online July 28, 2020:m2982. doi:10.1136/bmj.m2982

Rabie T, Curtis V. Handwashing and risk of respiratory infections: a quantitative
systematic review. Trop Med Int Health. 2006;11(3):258-267. doi:10.1111/j.1365-
3156.2006.01568.x

Aiello AE, Coulborn RM, Perez V, Larson EL. Effect of Hand Hygiene on Infectious
Disease Risk in the Community Setting: A Meta-Analysis. Am J Public Health.
2008;98(8):1372-1381. doi:10.2105/AJPH.2007.124610

WHO. WHO Guidelines on Hand Hygiene in Health Care: a Summary. Published online
2009. https://apps.who.int/iris’handle/10665/70126

Verplanken B, ed. The Psychology of Habit: Theory, Mechanisms, Change, and Contexts.
Springer International Publishing; 2018. doi:10.1007/978-3-319-97529-0

Inauen J, Tobias R, Mosler H-J. The role of commitment strength in enhancing safe water

consumption: Mediation analysis of a cluster-randomized trial. Br J Health Psychol.
2014;19(4):701-719. doi:10.1111/bjhp.12068

Inauen J, Mosler H-J. Developing and testing theory-based and evidence-based
interventions to promote switching to arsenic-safe wells in Bangladesh. J Health Psychol.
2014;19(12):1483-1498. doi:10.1177/1359105313493811

Little P, Stuart B, Hobbs FDR, et al. An internet-delivered handwashing intervention to
modify influenza-like illness and respiratory infection transmission (PRIMIT): a primary
care randomised trial. The Lancet. 2015;386(10004):1631-1639. doi:10.1016/S0140-
6736(15)60127-1

Srigley JA, Corace K, Hargadon DP, et al. Applying psychological frameworks of

behaviour change to improve healthcare worker hand hygiene: a systematic review.
Journal of Hospital Infection. 2015;91(3):202-210. doi:10.1016/5.jhin.2015.06.019

25



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Cane J, O’Connor D, Michie S. Validation of the theoretical domains framework for use
in behaviour change and implementation research. Implementation Sci. 2012;7(1):37.
doi:10.1186/1748-5908-7-37

West R, Michie S, Rubin GJ, Amlot R. Applying principles of behaviour change to
reduce SARS-CoV-2 transmission. Nat Hum Behav. 2020;4(5):451-459.
doi:10.1038/s41562-020-0887-9

Michie S, Richardson M, Johnston M, et al. The behavior change technique taxonomy
(v1) of 93 hierarchically clustered techniques: Building an international consensus for the
reporting of behavior change interventions. Annals of Behavioral Medicine.
2013;46(1):81-95. doi:10.1007/s12160-013-9486-6

McKay FH, Wright A, Shill J, Stephens H, Uccellini M. Using Health and Well-Being
Apps for Behavior Change: A Systematic Search and Rating of Apps. JMIR mHealth and
uHealth. 2019;7(7):e11926. doi:10.2196/11926

Collins LM, Nahum-Shani I, Almirall D. Optimization of behavioral dynamic treatment
regimens based on the sequential, multiple assignment, randomized trial (SMART).
Clinical Trials. 2014;11(4):426-434. doi:10.1177/1740774514536795

Mayer J, Mooney B, Gundlapalli A, et al. Dissemination and Sustainability of a Hospital-
Wide Hand Hygiene Program Emphasizing Positive Reinforcement. Infection Control &
Hospital Epidemiology. 2011;32(1):59-66.

Gardner B. A review and analysis of the use of ‘habit’ in understanding, predicting and
influencing health-related behaviour. Health Psychology Review. 2015;9(3):277-295.
doi:10.1080/17437199.2013.876238

Diefenbacher S, Pfattheicher S, Keller J. On the role of habit in self-reported and
observed hand hygiene behavior. Appl Psychol Health Well-Being. 2020;12(1):125-143.
doi:10.1111/aphw.12176

Schwarzer R, Hamilton K. Changing Behavior Using the Health Action Process
Approach. In: Hagger MS, Cameron LD, Hamilton K, Hankonen N, Lintunen T, eds. The
Handbook of Behavior Change. Cambridge Handbooks in Psychology. Cambridge
University Press; 2020:89-103. doi:10.1017/9781108677318.007

Bandura A. Self-Efficacy. In: The Corsini Encyclopedia of Psychology. American Cancer
Society; 2010:1-3. doi:10.1002/9780470479216.corpsy0836

Ajzen I, Schmidt P. Changing Behavior Using the Theory of Planned Behavior. In:
Hagger MS, Cameron LD, Hamilton K, Hankonen N, Lintunen T, eds. The Handbook of
Behavior Change. Cambridge Handbooks in Psychology. Cambridge University Press;
2020:17-31. doi:10.1017/9781108677318.002

Gollwitzer PM. Implementation intentions: Strong effects of simple plans. American
Psychologist. 1999;54(7):493-503. doi:https://doi.org/10.1037/0003-066X.54.7.493

Al-Tawfiq J, Pittet D. Improving hand hygiene compliance in healthcare settings using
behavior change theories: reflections. Teaching and learning in medicine.
2013;25(4):374-382. doi:https://doi.org/10.1080/10401334.2013.827575

26



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Bavel JJV, Baicker K, Boggio PS, et al. Using social and behavioural science to support
COVID-19 pandemic response. Nat Hum Behav. 2020;4(5):460-471. doi:10.1038/s41562-
020-0884-z

Bish A, Michie S. Demographic and attitudinal determinants of protective behaviours
during a pandemic: A review. British Journal of Health Psychology. 2010;15(4):797-824.
do0i:10.1348/135910710X485826

Cheng C, Ng A-K. Psychosocial Factors Predicting SARS-Preventive Behaviors in Four
Major SARS-Affected Regions. Journal of Applied Social Psychology. 2006;36(1):222-
247. doi:10.1111/5.0021-9029.2006.00059.x

Curtis VA, Danquah LO, Aunger RV. Planned, motivated and habitual hygiene
behaviour: an eleven country review. Health Education Research. 2009;24(4):655-673.
doi:10.1093/her/cyp002

Dyson J, Lawton R, Jackson C, Cheater F. Development of a theory-based instrument to
identify barriers and levers to best hand hygiene practice among healthcare practitioners.
Implementation Sci. 2013;8(1):111. doi:10.1186/1748-5908-8-111

Edwards R, Charani E, Sevdalis N, et al. Optimisation of infection prevention and control
in acute health care by use of behaviour change: a systematic review. The Lancet
Infectious Diseases. 2012;12(4):318-329. doi:10.1016/S1473-3099(11)70283-3

George CM, Biswas S, Jung D, et al. Psychosocial factors mediating the effect of the
CHoBI7 intervention on handwashing with soap: A randomized controlled trial. Health
Educ Behav. 2017;44(4):613-625. doi:10.1177/1090198116683141

Gibson Miller J, Hartman TK, Levita L, et al. Capability, opportunity, and motivation to
enact hygienic practices in the early stages of the COVID-19 outbreak in the United
Kingdom. Br J Health Psychol. 2020;25(4):856-864. doi:10.1111/bjhp.12426

Hamilton K, Smith SR, Keech JJ, Moyers SA, Hagger MS. Application of the health
action process approach to social distancing behavior during COVID-19. Appl Psychol
Health Well-Being. Published online October 2, 2020:aphw.12231.
doi:10.1111/aphw.12231

Huis A, van Achterberg T, de Bruin M, Grol R, Schoonhoven L, Hulscher M. A
systematic review of hand hygiene improvement strategies: a behavioural approach.
Implementation Sci. 2012;7(1):92. doi:10.1186/1748-5908-7-92

Judah G, Aunger R, Schmidt W-P, Michie S, Granger S, Curtis V. Experimental
pretesting of hand-washing interventions in a natural setting. Am J Public Health.
2009;99(S2):S405-S411. doi:10.2105/AJPH.2009.164160

Lapinski MK, Maloney EK, Braz M, Shulman HC. Testing the effects of social norms
and behavioral privacy on hand washing: A field experiment. Human Communication
Research. 2013;39(1):21-46. doi:10.1111/j.1468-2958.2012.01441.x

Lhakhang P, Lippke S, Knoll N, Schwarzer R. Evaluating brief motivational and self-

regulatory hand hygiene interventions: a cross-over longitudinal design. BMC Public
Health. 2015;15(1):1-9. doi:10.1186/s12889-015-1453-7

27



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Lunn PD, Belton CA, Lavin C, McGowan FP, Timmons S, Robertson DA. Using
Behavioral Science to help fight the Coronavirus. JBPA. 2020;3(1).
doi:10.30636/jbpa.31.147

Moussaoui LS, Ofosu ND, Desrichard O. Social psychological correlates of protective
behaviours in the COVID-19 outbreak: Evidence and recommendations from a nationally
representative sample. Appl Psychol Health Well-Being. Published online September 27,
2020:aphw.12235. doi:10.1111/aphw.12235

Porzig-Drummond R, Stevenson R, Case T, Oaten M. Can the emotion of disgust be
harnessed to promote hand hygiene? Experimental and field-based tests. Social Science &
Medicine. 2009;68(6):1006-1012. doi:10.1016/j.socscimed.2009.01.013

Seale H, Dyer CEF, Abdi I, et al. Improving the impact of non-pharmaceutical
interventions during COVID-19: examining the factors that influence engagement and the
impact on individuals. BMC Infect Dis. 2020;20(1):607. doi:10.1186/s12879-020-05340-9

Burgess-Allen J, Owen-Smith V. Using mind mapping techniques for rapid qualitative
data analysis in public participation processes. Health Expectations. 2009;13:406—415.
doi:10.1111/5.1369-7625.2010.00594.x 406

Fishbein M, Ajzen 1. Predicting and Changing Behavior: The Reasoned Action Approach.
Psychology Press; 2010.

Lim C-Y, In J. Randomization in clinical studies. Korean J Anesthesiol. 2019;72(3):221-
232. do0i:10.4097/kja.19049

Faul F, Erdfelder E, Buchner A, Lang A-G. Statistical power analyses using G*Power
3.1: Tests for correlation and regression analyses. Behavior Research Methods.
2009;41(4):1149-1160. doi:10.3758/BRM.41.4.1149

Federal Office of Public Health Switzerland. Flu pandemic: Handwashing. Published
2021. https://www.bag.admin.ch/bag/en/home/krankheiten/ausbrueche-epidemien-
pandemien/hygiene-pandemiefall/haende-waschen.html

Allan JL, Sniehotta FF, Johnston M. The Best Laid Plans: Planning Skill Determines the
Effectiveness of Action Plans and Implementation Intentions. ann behav med.
2013;46(1):114-120. doi:10.1007/s12160-013-9483-9

Schwarzer R, Schiiz B, Ziegelmann JP, Lippke S, Luszczynska A, Scholz U. Adoption
and maintenance of four health behaviors: Theory-guided longitudinal studies on dental
flossing, seat belt use, dietary behavior, and physical activity. ann behav med.
2007;33(2):156-166. doi:10.1007/BF02879897

Gardner B, Abraham C, Lally P, de Bruijn G-J. Towards parsimony in habit
measurement: Testing the convergent and predictive validity of an automaticity subscale
of the Self-Report Habit Index. Int J Behav Nutr Phys Act. 2012;9(1):102.
doi:10.1186/1479-5868-9-102

Ajzen L. Constructing a TPB questionnaire: Conceptual and methodological
considerations. Published 2002. Accessed January 19, 2021.
http://www.people.umass.edu/aizen/pdf/tpb.measurement.pdf

28



52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Sniehotta FF, Scholz U, Schwarzer R. Bridging the intention—behaviour gap: Planning,
self-efficacy, and action control in the adoption and maintenance of physical exercise.
Psychology & Health. 2005;20(2):143-160. doi:10.1080/08870440512331317670

Perski O, Blandford A, Garnett C, Crane D, West R, Michie S. A self-report measure of
engagement with digital behavior change interventions (DBCls): development and

psychometric evaluation of the “DBCI Engagement Scale.” Translational Behavioral
Medicine. Published online March 30, 2019. doi:10.1093/tbm/ibz039

Peres SC, Pham T, Phillips R. Validation of the System Usability Scale (SUS): SUS in the
Wild. Proceedings of the Human Factors and Ergonomics Society Annual Meeting.
2013;57(1):192-196. doi:10.1177/1541931213571043

Schmidt J, Lamprecht F, Wittmann W. Zufriedenheit mit der stationdren Versorgung.
Entwicklung eines Fragebogens und erste Validititsuntersuchungen [Satisfaction with
inpatient care: Development of a questionnaire and first validity assessments]. PPmP:
Psychotherapie Psychosomatik Medizinische Psychologie. 1989;39(7):248-255.
doi:https://psycnet.apa.org/record/1991-75702-001

Contzen N, Pasquale SD, Mosler H-J. Over-reporting in handwashing self-reports:
potential explanatory factors and alternative measurements. PLOS ONE.
2015;10(8):e0136445. doi:10.1371/journal.pone.0136445

Robins D, Brody R, Jeong IC, Parvanova I, Liu J, Finkelstein J. Towards a Highly
Usable, Mobile Electronic Platform for Patient Recruitment and Consent Management.
Stud Health Technol Inform. 2020;270:1066-1070. doi:10.3233/SHTI200325

Palsola M, Renko E, Kostamo K, Lorencatto F, Hankonen N. Thematic analysis of
acceptability and fidelity of engagement for behaviour change interventions: The Let’s

Move It intervention interview study. British Journal of Health Psychology.
2020;25(3):772-789. doi:10.1111/bjhp.12433

Azevedo V, Carvalho M, Costa F, et al. Interview transcription: conceptual issues,
practical guidelines, and challenges. Rev Enf Ref. 2017;4(14):159-168.
doi:10.12707/RIV17018

Braun V, Clarke V. Using thematic analysis in psychology. Qualitative Research in
Psychology. 2006;3(2):77-101. doi:10.1191/1478088706qp0630a

Diaz R, Cova F. Reactance, morality, and disgust: the relationship between affective
dispositions and compliance with official health recommendations during the COVID-19
pandemic. Cognition and Emotion. Published online June 16, 2021:1-17.
doi:10.1080/02699931.2021.1941783

D’Zurilla TJ, Goldfried MR. Problem solving and behavior modification. Journal of
Abnormal Psychology. 1971;78(1):107-126. doi:10.1037/h0031360

Lally P, Gardner B. Promoting habit formation. Health Psychology Review.
2013;7(sup1):S137-S158. doi:10.1080/17437199.2011.603640

29



64. Pfattheicher S, Strauch C, Diefenbacher S, Schnuerch R. A field study on watching eyes

65.

and hand hygiene compliance in a public restroom. Journal of Applied Social Psychology.
2018;48(4):188-194. doi:10.1111/jasp.12501

Faul F, Erdfelder E, Lang A-G, Buchner A. G*Power 3: A flexible statistical power

analysis program for the social, behavioral, and biomedical sciences. Behavior Research
Methods. 2007;39(2):175-191. doi:10.3758/BF03193146

30



	Introduction
	Research aim
	Optimization phase
	Aim of the optimization phase
	Methods
	Design
	Population and participants
	Outcome measures
	Procedures
	Enrolment
	Data collection
	Intervention
	Data analysis

	Evaluation phase
	Aim of the evaluation phase
	Methods
	Design
	Population and participants
	Sample size calculation
	Outcome measures
	Procedures
	Enrolment
	Data collection
	Intervention
	Data analysis

	Trial status
	Ethics and dissemination
	Consent to participate

	All participants will provide online consent with an e-sign prior to any study procedures. Participants can download their consent directly after the registration is finished and receive the consent document signed by the PI by email after 1-2 weeks.
	Acknowledgements
	Contributors
	JI wrote the grant proposal and obtained funding; JI and MA developed the design and study procedures; JI, MA, GGR, CA and MB obtained ethical approval; JI and MA conceptualized the data monitoring procedures; All authors contributed to writing and re...
	Funding
	Competing interests
	Open access
	ORCID iDs
	Melanie Amrein 0000-0002-0719-5109
	Jennifer Inauen 0000-0002-7884-3222
	References

