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Background: Using mobile communication technology as new personalizedpproach

to treat mental disorders or to more generally improve quaji of life is highly promising.
Knowledge about intervention components that target key pgchopathological

processes in terms of transdiagnostic psychotherapy appraches is urgently needed. We
explored the use of smartphone-based micro-interventiondased on psychotherapeutic
techniques, guided by short video-clips, to elicit mood chages.

Method: As part of a larger neurofeedback study, all subjects—after éing randomly
assigned to an experimental or control neurofeedback contion—underwent daily
smartphone-based micro-interventions for 13 consecutivedays. They were free to
choose out of provided techniques, including viscerosensky attention, emotional
imagery, facial expression, and contemplative repetitionChanges in mood were
assessed in real world using the Multidimensional Mood Stat Questionnaire (scales:
good-bad, GB; awake-tired, AT; and calm—nervous, CN).

Results: Twenty-seven men participated on at least 11 days and were tiss included in
the analyses. Altogether, they underwent 335, generally Wietolerated, micro-intervention
sessions, with viscerosensory attention (178 sessions, 533%) and contemplative
repetition (68 sessions, 20.30%) being the most frequentlapplied techniques. Mixed
models indicated that subjects showed better mood [GB:b D 0.464, 95%con dence
interval (CI) [0.068, 0.860]ts13.3) D 2.298, p D 0.022] and became more awake [ATb D
0.514, 95%ClI [0.103, 0.925],tg12.4) D 2.456, p D 0.014] and calmer [CN:b D 0.685,
95%CI [0.360, 1.010],t12.3)D 4.137, p < 0.001] from pre- to post-micro-intervention.
These mood improvements from pre- to post-micro-intervenibn were associated with
changes in mood from the 1st day until the last day with regardo GB mood (r D 0.614,
95%CI [0.297, 0.809], p < 0.001), but not AT mood ¢ D 0.279, 95%CI [ 0.122,
0.602], p D 0.167) and CN mood ¢ D 0.277, 95%CI [0.124, 0.601], p D 0.170).
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Discussion: Our ndings provide evidence for the applicability of smaghone-based
micro-interventions eliciting short-term mood changes, bhsed on techniques used
in psychotherapeutic approaches, such as mindfulness-basd psychotherapy,
transcendental meditation, and other contemplative thenaies. The results encourage
exploring these techniques' capability to improve mood inandomized controlled studies
and patients. Smartphone-based micro-interventions are pmising to modify mood
in real-world settings, complementing other psychotheraputic interventions, in line
with the precision medicine approach. The here presented da were collected within
a randomized trial, registered at ClinicalTrials.gov (ld& er: NCT01921088) https://
clinicaltrials.gov/ct2/show/NCT01921088

Keywords: behavioral intervention technology, ehealth, h ealth information technology, information and
communication technology, Internet- and mobile-based interv ention, mental disorder, mhealth, wireless health

INTRODUCTION many other technologies, the rapid uptake of mobile phones
has not been restricted to developed countriggy( et al.,
Mental disorders are one of the leading global causes ofititgab 2011). Furthermore, mobile phones are the preferred means
(Murray et al., 201p Besides the personal su ering, their of communication among young people, the age group most
direct and indirect economic costs are tremendougitichen  unlikely to seek treatment{liver et al., 2006 However, some
et al., 2011; Olesen et al., 2D1A prominent consortium target populations, such as veterans, that experience mental
of researchers, advocates, and clinicians identi ed keprid health service gaps may also be more dicult to reach via
challenges in global mental health” in terms of major reskar smartphone-based interventions, as compared to the general
priorities for improving the lives of people with mental illnesse population Klee et al., 2016 Smartphones are increasingly
around the world Collins et al., 201}l Notably, one of the complex, computationally powerful, sensory-rich, and integitate
prioritized goals is to improve treatments and expand accessith social networking [(lorris and Aguilera, 2012 These
to mental health care, with the development of mobile andactors make them ideal for the delivery of mental health
Internet technologies to increase access to evidencetlmase information, digital psychotherapeutic techniques and suppor
being among the top challenge€dllins et al., 2001 This anywhere, in real-time and when needed, the latter idermti e
need is underscored by the fact that in countries, regarddéss amongst others using sensors integrated in the smartphone
their economic status, the demand for individual face-4ad (McClernon and Roy Choudhury, 20)L.3This is in line with
psychotherapy is already exceeding or will exceed mentahheathe “precision medicine approach,” aiming to provide the right
service supply in the future@zdin and Blase, 20).ITTherefore, treatment, at the right time, and for the right persoimgel,
new forms of treatment are required that can complement o2014; Collins and Varmus, 20)l9ntegrating smartphones in
expand our current approaches in treating people who su emental healthcare provides a wealth of opportunities, inaigdi
from mental disordersiazdin and Blase, 2011; Kostkova, 2015 to overcome the innovation gap by allowing for “disruptive
To this end, Internet-based psychotherapies have receivednovation” (Bower and Christensen, 199%nd to provide the
considerable attention during the past decade, lowering thbasis for new, personalized forms of treatmegit(enreich et al.,
barrier to access mental health service. Most studies itetica 2011; Zeevi et al., 201L5
that Internet-delivered interventions were e cacious in  Modifying mood or inducing certain mood states in the
achieving positive behavioral change or symptom reductionaboratory, using di erent approaches in non-clinical samples
with no clear evidence of superiority or inferiority as comedr has a long-standing history in psychological researc¢hlien,
to face-to-face intervention&(ijpers et al., 2010; Gri ths et al., 1968; Martin, 1990; Schaefer et al., JOHowever, there are only
2010; Richards and Richardson, 2012; Andersson et al., 20féw studies that examined the use of exclusively smartphone-
Riper etal., 2014; Ebert et al., 2015; Richards et al., 2015te¢fue based interventions to modify mood or a ective states in lieal
et al., 2016; Melioli et al., 2016; Olthuis et al., 2016; Z@mbha populations (e.gCipresso et al., 20);avhich is in contrast to the
etal., 201p large number of studies using smartphones for mood assegsmen
The advent of mobile information technologies has taken(e.g.,Asselbergs et al., 201@However, a better understanding
this low-barrier approach to the next level. In the year 2020pn how smartphones may be used to modify mood in healthy
70% of the world's population will use a smartphorigi¢sson, subjects may provide an important basis for its future applicatio
2015. The core features of smartphones and other mobilén clinical samples.
devices are that they are running most of the time, are used Notably, even though an increasing number of mobile
in a variety of situations during daily life, and ensure aapplications (apps)thatclaim to target mental health are atégl
broad reachability of their users beyond calls, e-mailsirtsh in software repositoriesMani et al., 2015; Nicholas et al.,
messaging, or instant messaging. Unlike the dissemination @015; Shen et al., 201 %&s yet, studies that evaluate the e ects
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of applying smartphones as a means of behavior modi cation Our goal was to explore in a real-world setting, in a
are relatively scarceDpnker et al., 2013; Mohr et al., 2013a;non-clinical sample, the use of smartphone-based micro-
Harrison and Goozee, 2014; Mani et al.,, 2015; Ol, 2015interventions and related changes in mood. We thereby applied
Torous and Powell, 2015; Bakker et al., 201fitial studies micro-interventions in form of psychotherapeutic technigue
provide evidence that smartphone-based interventions hiage t that have already been used as components of face-to-face
potential to reduce symptoms of mental disorders, such apsychotherapy (seé’aredes et al., 20)4guided by short
anxiety, depression, schizophrenia, and substance useddisor video-clips of<5min duration. More speci cally, we aimed at
(Watts et al.,, 2013; Ben-Zeev et al., 2014; Gustafson et @stimating changes in mood and hypothesized that mood would
2014; Ly et al., 2014; Ahmedani et al., 20Further, there is improve from pre- to post-micro-intervention. Furthermore ew
rst evidence that mobile technology, including smartphene evaluated whether these changes were related to change®oh m
based applications, can boost the e cacy of psychotherapfrom the rst to the last micro-intervention day, and nally
and behavioral interventionsL{ndhiem et al., 2016 In sum, whether they varied over time and between techniques. The
further research on smartphone-based interventions in nonanalyzed data were collected from 13 daily micro-interveamti
clinical samples is highly warranted, and may provide arsessions, as part of a larger neurofeedback study, in which tw
important basis for future studies and applications, aimingreal-time functional magnetic resonance imaging neurdbeek
at improving and facilitating prevention and treatment of (RT-fMRI NF) sessions were conducted, one before all daily
mental disorders, which has the potential to complemenimicro-intervention sessions and one after, separated byay4.d
established treatment approaches, serving great clinicel an
societal relevance. _ _ MATERIALS AND METHODS

One particular challenge in the eld of mobile mental
health research is the mismatch of the paces of research akutline of the Study Procedure
technology development, with rather long timeframes ofsitzed =~ Overall Study Procedure
randomized controlled trials (RCTs), the gold standard ofThe data presented here were collected within a randomized
research designs to determine the e cacy of an interventiontrial, registered at ClinicalTrials.gov (Identi er: NCT022088)
with a median duration of more than 5 years from initial https://clinicaltrials.gov/ct2/show/NCT01921088. Thémaof
enrollment to publication and much longer timeframes until this larger study was to assess the application of real-time
implementation into routine carel¢annidis, 1998; Riley et al., functional magnetic resonance imaging neurofeedbackf{i®mR}
2013; Clough and Casey, 2015his has led to the call NF) to modulate the response to an acute stressor in form
for new frameworks and re nement of mobile mental health of the Stroop color word interference task. RT-fMRI NF is a
research Kumar et al., 2013; Riley et al., 2013; Mohr et al.type of self-regulation technique that provides an individua
2013a,b; Ben-Zeev et al., 2015; Clough and Casey, 2016jdéich with feedback about specic brain activity using functional
et al.,, 2015; Bakker et al., 201€lassical RCTs evaluate amagnetic resonance imaging in connection with a related
well-circumscribed intervention; hence modications oheé behavior; The underlying assumption at the core of this practi
intervention require conducting a new RCT. One solution tois that through RT-fMRI NF a subject can learn to regulate
this problem, we believe, is to evaluate core psychotherapeutieural activity and related mental functions (sBebault et al.,
components and key features of interventions, which can the&019.
guide the assembly of the intervention as a whole, if desired The institutional review board of Korea University approved
still followed by an RCT. To this end, studies that focus oa th the study protocol. All subjects gave written informed corisen
evaluation of important elements, characteristics, andg@gles in accordance with the Declaration of Helsinki. The study was
of smartphone-based interventions, starting with non-tlal  conducted between August and October 2013 at the faciliies
samples and later being applied to patients, may be of gre&irea University, Seoul, Republic of Korea [Resource Identi er
importance (iohr et al., 2014; Alkhaldi et al., 2016; Bakker et al.(RRID): SCR_004095].
20149. The whole study consisted of three laboratory visits and 13

The idea to focus on core intervention components is in linedays of ambulatory smartphone-based micro-interventiosisag
with transdiagnostic treatment approaches, which centerame ¢  psychotherapeutic strategies, the latter following the séco
disease mechanisms to improve the understanding and tre@tmelaboratory visit on which the RT-fMRI NF procedure was
of mental disorders \(Vilamowska et al., 2010; Thompson- applied for the rst time (seeFigure 1, for a brief overview
Hollands et al., 2014; Newby et al., 2015, 300he central of the whole study, please refer to Supplementary Material
target of psychotherapeutic interventions is the improvemenData Sheet 1). The data presented here were collected during
of mood, with mood disturbances being the key symptom of d@he preliminary testing day and the smartphone-based micro-
variety of mental disordersA(merican Psychiatric Association, interventions, with the exception of the feedback on the
2013. Furthermore, mood plays a key role in the quality of dailymicro-interventions that was collected before the RT-fMRI NF
life, and in uences personal and social adjustment and pha}sic procedure on experiment day 2. First, we screened subjects
health, social interactions, and problem solvirgredrickson, interested in study participation during a telephone intewie
2004; Shallcross et al., 2)1Hence, the advancement of easilyfor any history of neurological or mental disorders and iredt
applicable interventions to improve mood is of paramountthose eligible to a laboratory visit, the preliminary testin
importance. day, on which we veri ed whether subjects met all eligilgilit
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Preliminary Testing Day

At the preliminary testing day, we rst outlined the whole stud
procedure to the subjects and collected their written infexam
consent. Then, we had them practice four psychotherapeutic
techniques (for details, see below), which they later applied
during the RT-fMRI NF experiment and the micro-interventions.
In this rst introduction to the techniques, we used detailed
instructions and handed out copies with the written instriocts

to the participants, so that they could follow the text while
we explained the techniques. Next, we explained them all
other tasks relevant for the RT-fMRI NF experiment procedure
(details available from the authors on request). We then
asked the participants to Il in a set of questionnaires and
checklists to verify their eligibility to the experiment agdther
additional information (e.g., sociodemographic data). Aadled
description of those questionnaires relevant for this pudiimn

is given below. The experimenter then looked through theltssu
and decided upon inclusion of participants. In case of inclosio
the experimenter and subject made an appointment for the next
visit at the laboratory for experiment day 1 (6 weeks later at
maximum).

Preliminary Testing Day

* Check inclusion/exclusion criteria

* Get informed consent

* Assess sociodemographic
and additional information

* Provide instructions for psycho-
therapeutic techniques*

* Randomly allocate to RT-fMRI NF
experimental and sham/control condition O/

Experiment Day 1

* Repeat instructions for psycho-
therapeutic techniques*

« Participants undergo experimental
or sham RT-fMRI NF procedure

* Provide instructions for smartphone-
based micro-interventions

Micro-Intervention Session

» Conduct smartphone-based
micro-intervention
« Conduct mood assessments

Psychotherapeutic Techniques

We instructed the participants in four psychotherapeutic
techniques, rst at the preliminary testing day, then at the
beginning of the session at experiment day 1, and briey
reiterated these instructions at the end of this session. We
told the participants that they might nd these techniques
useful to accomplish the upcoming tasks during the RT-fMRI
NF experiment in terms of modulating their brain activity
as well as their stress level. The following four techniques
were instructed: (i) viscerosensory attention, (i) emaotb
imagery, (iii) facial expression, and (iv) contemplative téjm.
Additionally, participants were allowed to use (v) any other
individual technique that they felt would be helpful. A brief
outline of the techniques, as provided at the end of experiment
day 1, is depicted iffable 1 In brief, (i) viscerosensory attention

Experiment Day 2

+ Collect feedback on
micro-intervention sessions

* Participants undergo experimental
or sham RT-fMRI NF procedure

A,

FIGURE 1 | Outline of the larger study. The data presented here were consisted of shifting attention toward vs. away from bodily
collected during the preliminary testing day and the smartpone-based sensations, for examp|e heartbeat or breathing; (ii) enmatio
micro-interventions, with the exception of the feedback orthe . . fi .. ti Il itiv r
micro-interventions that was collected before the RT-fMRNF procedure on Ima}gery consisted o Imagining emq ionally positive (e'ga‘ag
experiment day 2. *We instructed participants in four psyattherapeutic holldays, a beloved person), negatlve (e-g-: a Stl’eSSf[l'l, &xa
techniques, rst at the preliminary testing day, then at the Bginning of the conict) or neutral (e.g., a bus ride, reading the newspaper)

session at experiment day 1, and brie y reiterated these ingtictions at the end situations; (iii) facial expression consisted of making dietre
of this session; RT-fMRI NF, real-time functional magneti@sonance imaging emotional facial expressions, e.g.a happy, angry, or ndataj
neurofeedback. . . L . .
and (iv) contemplative repetition consisted of repeating a short
simple sentence or word over and over again, or slowly and
criteria (see below). Subjects ful lling eligibility crita and repeatedly counting from 1 to 10. The shifting between di erent
interested in study participation were asked to provide addiél ~ extremities, as instructed for viscerosensory attentiomtonal
data via questionnaires, were instructed in psychotherapeutimagery, and facial expression, was to exploit a preferabjelar
techniques (see section below) to be practiced in di erent peas scope of modi ability. To ensure that subjects well remembdere
of the study, and invited to two further laboratory visits4(1 the techniques for application during the smartphone-based
days apart from each other) for a RT-fMRI NF experiment.micro-interventions, at the end of experiment day 1, we asked
Between these two experiment days, subjects participatedibjects (i) to take some time to vividly remember the tecjuei
in smartphone-based micro-interventions, during which yhe that they had just applied in the scanner and that worked best
practiced the psychotherapeutic techniques they had previoustgr them, and to brie y describe this technique in writtenrfo;
learned on the preliminary testing day and experiment day 1(ii) to think of and write down a keyword that might help them
respectively. to call up this technique once they would apply it during the
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TABLE 1 | Description of techniques applied during the micro- interventions.

Technique Instruction

Viscerosensory attention “Shift your attention toward vs. away from bodily sensatios, for example your heartbeat, breathing, or feelings in stnach. Keep your
attention focused on each sensation for a while.”

Emotional imagery “Imagine emotionally positive, negative, or neutral situians, and shift your attention between them. For example thk of a beloved
person, a stressful exam or a con ict, or a bus ride. Keep your tiention focused on each situation for a while.”

Facial expression Make different emotional expressions with your face and kegeeach for a while (e.g., happy face, angry face, neutral fage

Contemplative repetition “Repeat a short, very easy sentence, or slowly count from 1 td0 (repeat this over and over again).”

Other technique “Remember the strategy that you have successfully practiatin the scanner. Please concentrate and practice this stragy during the next
minutes.”

subsequent micro-intervention sessions; and (iii) to thiof a to ensure having a stable Internet connection. Furthermeore
picture that might help them to recall this technique durintget  instructed them that the end of the micro-intervention would
micro-intervention sessions, and to describe it in wordgloaft  be signalized by a sound, and that they should thereforerensu
it. All four psychotherapeutic techniques have been showreto bto plug in their headphones or set the loudspeakers of their
related to changes in mood(einke et al., 1998; Holmes et al., smartphone on high volume, if possible, and that alternagivel
2006; Lane et al., 2007; Pollatos et al., pO&ith potential for  the end of the micro-intervention would also be recognizable b
the treatment of mental disorder$ig et al., 2001; Holmes et al., visual cues. (3) We asked the subjects to enter their indadid

2007; Orme-Johnson and Barnes, 2014; Lin et al.,)2015 subject ID that we had previously provided, as well as a self-
generated personal code that they had already generatedgduri
Smartphone-Based Micro-Interventions the preliminary testing day. This code allowed verifying sabj

To familiarize the participants with the smartphone-baseddentity. (4) Subjects responded to the Multidimensional Mood
micro-intervention, we asked all subjects to undergo oneroy ~ State Questionnaire (MDMQ), described in more detail below,
intervention session for training purposes, while still ineth and the self-assessment manikin (SAM) scalesaqley and
laboratory at the end of experiment day 1. Data collectedrayri Lang, 199% (5) We instructed the subjects to prepare for the
this training session were not included in our analyses. micro-intervention, including (i) asking them to remembdére

On the 13 days between experiment day 1 and 2, eadkchnique that they successfully applied during experiment day
participant underwent one session of smartphone-based and telling them that they should use this technique on each
micro-intervention per day during their daily life, in which of the daily micro-intervention sessions, (ii) instrucgjrthem
he applied one of the psychotherapeutic techniques outlinethat a micro-intervention session would consist of two rounds
above. We instructed subjects to use their own smartphondasting 2 min each, interrupted by a pause of 30s and that in
for participating in the micro-intervention sessions (seeorder to start with the session, they should click on the “play”-
Supplementary Material Table 1 for additional information onbutton of the video player; (iii) asking them—if their Integh
smartphone types, operating systems, and Internet browseg®nnection was weak—to click on the “stop”-button to wait dinti
used). Subjects were free to choose the time of day at whithe player had completely loaded the video, then to reset the
they underwent the micro-intervention session. The timevideo, and to the start the video by clicking on “play” again;
window during which the subjects had to undergo the dailyand (iv) informing them that the end of the micro-interveoti
micro-intervention session started each day at 0800h whesession was signalized by a sound and visually announced in
they received the invitation-e-mail including the persdmatl the video, and instructing them not to click on “Continue”
and day-speci ¢ hyperlink for access to the micro-interventi before they heard the sound or before the end of the video was
session. This hyperlink expired at 0300 h on the following day. | reached, as this is important to ensure a standardized dumati
addition to the daily invitation-e-mail at 0800 h, subjecgseived of the session for each participant and on each day; (v) After
a reminder-e-mail at 2000 h if they had not yet participatectsin this, we asked subjects to select the psychotherapeuticitpzEhn
the last invitation. they wanted to use during this session (for details, see pusvi

We used EFS Survey 10.0 (Questback GmbH, Berlisections). (6) Then, subjects underwent the micro-intetian
Germany) to conduct the smartphone-based micro-by following the instructions provided within a short video-
interventions, including instructions, presentation of aclip (duration each: 4min 40s), presented according to the
video-clip, and collection of questionnaire data, as well atechnique thatthey wanted to apply (the video-clips are provided
for automatically sending the invitation- and reminderreails. as Supplementary Material Video 1-5; details of the structure

The detailed procedure of each session was as follows: @nd content of the video-clips are as Supplementary Material
Subjects used their smartphones to connect via internet besw Data Sheet 2; additional information regarding the videesl
using a personalized hyperlink provided in the daily invitatio as Supplementary Material Data Sheet 3). (7) Subjects again
or reminder e-mails, to the server hosted by Questback. (2esponded to the MDMQ and the SAM scales. (8) Then, subjects
We instructed the subjects by text display to seek a quiet placeplied to two questions related to the micro-intervention
allowing them to concentrate on the micro-intervention,dan session: rst, they were asked how successful their sessisn
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today, with possible replies on a 5-level scale ranging fra2n university website and a local bulletin board. Participanésl h
(much less than expected/very bad) @2 (much more than to fulll the following eligibility criteria, which were ba=d
expected/very good). Second, they were asked how they cowdd the requirements of the larger RT-fMRI NF study: male,
optimize their micro-intervention (e.g., conditions, meétion, age 18-65 years, right-handed, no color-blindness, namhjist
timing, etc.), with an open answer format. The aim of this s&to of cardiovascular or neurological diseases or mental diserde
question was to guide subjects toward individual optimiaati su cient English language skills to follow the experimental
of their personal micro-intervention. (9) The session neth instructions, and self-reported at least minimal familtgirivith

by thanking them for their participation in today's sessiondan smartphone-use to carry out the micro-interventions. The
reminding them of the next micro-intervention session oreth sample size was determinadriori, based on the requirements
subsequent day (or of experiment day 2 on the last day aff the randomized trial assessing RT-fMRI NF e ects, to provide
micro-intervention sessions). su cient statistical power to test the main hypotheses of the

For each page that EFS provided, it recorded a time-stamprjal. Samples size estimates were based on previous studies,

from which we were able to derive date and time of each microdemonstrating large e ect sizes within RT-fMRI NF paradigms

intervention session. (deCharms et al., 2005; Yoo et al., 2008; Kim et al., 20¥8B
estimated, by calculatireypriori power analysis (using Gower

Assessment Instruments 3, Faul et al., 20Q7RRID: SCR_013726) that with D 14

Assessment of Inclusion/Exclusion Criteria subjects in each condition, e ects dfD 1.0 can be detected with

We applied a set of well-established questionnaires (predentsu cient power (143> 0.80; givera D 0.05, one-sided test).
as paper-pencil questionnaires or electronically) to gather After completion of the study, each subject received 60,000
information from the participants along the study. Furtherew KRW (57 USD) in compensation for his participation. The
used a set of short checklists to collect additional infotiorg ~ compensation was split in three parts, for the participation at
such as data regarding eligibility criteria and feedbagarding ~experiment day 1, smartphone-based micro-interventionsl an
the smartphone-based micro-interventions. experiment day 2, and paid out in part if the subject did not take
To verify the eligibility criterion “right handedness” and partin the complete study.
the exclusion criterion “color-blindness,” we asked thedst
participants to Il in the Edinburgh Handedness Inventory (EH  Statistical Analyses
Old eld, 1971) and the Ishihara test for color-blindnessiiinara We checked the data for distribution properties and veri ed
and Force, 1943respectively, on the preliminary testing day.  normality by inspecting histograms and qqg-plots. For descvipti
analyses, we calculated means and standard deviations for
Assessment of Mood and Feedback on continuous normally distributed variables and absolute and
Micro-Intervention Sessions relative frequencies for categorical variables with aaieg
We applied the 12-item MDMQ to assess current mood on threeutlined in Table 2
dimensions ranging from good to bad (GB), awake to tired (AT)  As the values of the scales of the MDMQ were approximately
and calm to nervous (CN). The MDMQ is the English version ofnormally distributed, transformation was not required. Tig-
the GermarMehrdimensionale Be ndlichkeitsfragebo@DBF;  six of the 27 participants applied the same psychotherapeutic
Steyer et al., 1997; Steyer, 20Which is a well-established tool technique across micro-intervention days, but one subject
for the assessment of current mood, with very good psychadmetrextensively varied the psychotherapeutic technique acrags.d
properties, especially suited for repeated measures withirt shaTherefore, we did not enter psychotherapeutic technique as
intervals. For each dimension, a score is calculated, nangi factor at the level of the micro-intervention day, but eradr
from 4 to 24. Depending on the dimension, high scores suggegt at the participant level. To this end, we assigned each of
positive a ectivity, wakefulness, and calmness, respectiVély the above-mentioned 26 participants to the psychotherapeutic
applied the MDMQ twice during each smartphone-based microtechnique category that they used, and created an additional
intervention session, both before and after subjects predtthe category “mixed techniques” for the subject that extergive
psychotherapeutic technique. varied the psychotherapeutic techniques. As in four of the
We obtained feedback regarding the smartphone-base@sulting six categories there were only few subjects (tiemal
micro-intervention sessions at the beginning of experiméay imagery”, n D 3; “facial expression’n D 2; “other
2, asking the subjects if they agreed with the four statementechnique”,n D 2; and “mixed techniques’/h D 1), we
displayed in Supplementary Material Table 2. Additionallycollapsed these four categories, leading to the trichotanou
participants were encouraged to provide further commentwariable “psychotherapeutic technique” with the three Isvel
regarding the micro-intervention sessions. “viscerosensory attention’h(D 14), “contemplative repetition”
Two researchers (AB and JA) independently entered all datg D 5), and “other” i D 8).
from paper-pencil questionnaires into electronic spreadshieet Each scale of the MDMQ was entered as outcome variable in

and a third researcher (ES) crosschecked their entries. separate linear mixed-e ects modelSifger and Willett, 2003
o to estimate mood changes from pre- to post-micro-intervention
Participants and across micro-intervention days, as well as di erences in

We recruited participants from the student body of the Koreamood changes from pre- to post-micro-intervention across
University. Advertisements for the study were posted on themicro-intervention days and between psychotherapeutic
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TABLE 2 | Characteristics of the study sample (N D 27). in mood from pre-micro-intervention day 1 to pre-micro-
Variable Category . o0y intervention day 13, sep.arately for GB, AT, anq C-N mood.
All tests were two-tailed and we set the signi cance level at

CATEGORICAL VARIABLES 0.05. We used the statistical software package R (versi@eha
Marital status Single 20 (74.07%) above; R Project for Statistical Computing, RRID: SCR_001905;

In a relationship - (25.93%) R Core Team, 20)For all data analyses and statistical testing,
Highest degree High school or equivalent 24 (88.89%) including the packages to _conduct the mixed models, “Ime4”

Bachelor degree 3 (11.119%) (Bates et al., 20)4nd “optimx” (Nash and Varadhan, 20},1 _
Size of household 1 1 (3.85%) as well as f_urther pagkages, required for _data preparation
(including participanty™ o 0 (0%) and desc_rlptlve statistics "c_ar"F()x and Wels_berg, 20)1

3 1 (3.85%) “dplyr” (Wickham _and Francois, 20}),5'haven” (NVickham and

. - (84.629%) Miller, 2019, “Hmisc” (Frank and Dupont, 2015 “ImerTest”

s 5 (7.69%) (Kuzn_etsova et al., 20)1,5“Isme“a.ns”"Len_th, 201p, “pastecs”
1 am very experienced in _ Strongly agree ; (25.93%) (Grosjean and Ibanez, 20)14nd “tidyr” (Wickham, 2015
using smartphones” Agree 14 (51.85%)

Neutral 4 (14.81%)

Disagree 1 (3.70%) R ES U LTS

Strongly disagree 1 (3.70%) Flow and Descriptive Information on StUdy
Variable (unit) Mean ( SD) Range [min, max] PartICIDantS L . . L
ORI UGS VA A Lo The owchart of participants is provided irFigure 2 From
Age (years) 2432 (227)  [19.75. 28.70] the 31 subjects incl_uded in the study, one partiqipant did _not
Full time education (years) 15.15 (1.38) 12, 18] show up on experiment day 1 and hence neither received

instructions for nor participated in any smartphone-basedroic
*Percentages may not total 100 due to rounding; **Information from oneubject missing; intervention. Three other SUbjECtS did participate<tr3 micro-
miax, maximum; min, minimum; SD, standard deviation. intervention sessions (one subject participated in 1 session
and two subjects participated in 2 sessions) and were hence
techniques. Furthermore, we adjusted analyses for the tiondi excluded from further analyses. All subjects were males of
(experimental or sham/control condition) to which subjectsKorean nationality. Characteristics of the study sample on
had been assigned within the larger randomized controlleavhich the analyses are basetl (D 27) are provided in
trial from which the data was derived. Hence, we entered thdable 2 (For the sake of transparency, characteristics of the full
following predictors into the model: (i) “pre- vs. post-micro- study sampleN D 30) is provided in Supplementary Material
intervention”, (i) “micro-intervention day” (dimensioal, day Table 3).
1-13), iii) “psychotherapeutic technique” (trichotomousges
above), and iv) “condition” (experimental vs. sham/contray A .
well as the interactions of “pre- vs. post micro-interventiovith Descriptive Informatlo_n on .
“micro-intervention day”, “psychotherapeutic techniqueind Smartphone-Based Micro-Intervention
“condition”. We entered random intercept and random slopeSessions
parameters when this improved model t, with the latter being The 27 subjects participated in 336 out of 351 possible
assessed based on Akaike's Information Criterion (ABGjger smartphone-based micro-intervention sessions in total{9%).
and Willett, 2003. Furthermore, we tested whether enteringThe mean number of micro-intervention sessions per subject
a higher order polynomial of the variable “micro-intervemi  was 12.44 (standard deviatiogD D 0.80, Range: 11-13)
day” would improve model t. We rst tted models including [respective information regarding the sample &f D 30
main and interaction e ects, as outlined above. In case oparticipants, who in total participated in 342 out of 390
the interaction e ects being statistically not signi cantye possible micro-intervention sessions (87.69%) is provided in
repeated analyses with main e ects only, leading to the maiSupplementary Material Table 3]. 26 sessions (7.74%) were
results reported. We calculated 95% con dence intervals)Cl conducted at 0800h or later but before 0900h, 63 sessions
using the Wald method. For the main mixed model analyseg,18.75%) were conducted at 0900 h or later but before 1200 h,
we included all subjects that took part in at least 3 micro-54 sessions (16.07%) were conducted at 1200h or later but
intervention sessions. Mixed models accommodated furthelbefore 1500 h, 44 sessions (13.10%) were conducted at 1500 h
missing data. or later but before 1800 h, 69 sessions (20.54%) were coructe
To test whether average mood improvements from pre- taat 1800h or later but before 2100h, 69 sessions (20.54%)
post-micro-interventions were associated with overalldiias  were conducted at 2100 h or later but before 0000h, and 11
mood improvements over all intervention days, we calculatedessions (3.27%) were conducted at 0000 h or later but before
Pearson product-moment correlation coe cients between the0300 h. The relative frequency of psychotherapeutic teclesqu
mean of the non-missing mood changes from pre- toapplied during the micro-intervention sessions is depicted in
post-micro-interventions averaged across days 2—12 andgeha Figure 3.
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Assessed for eligibility
(n=31)
Excluded at telephone screening
(n=0)
Not meeting inclusion criteria (n=0)
- Sex (n=0)
- Mental disorder (n=0)
- Physical disease (n=0)
Declined to participate (n=0)
Other reasons (n=0)
Excluded at preliminary testing day
(n=0)
Not meeting inclusion criteria (n=0)
- Handedness (n=0)
- Color-blindness (n=0)
Declined to participate (n=0)
Other reasons (n=0)
v
Randomized
(n=31)

Allocated to experimental condition (n=17) Allocated to sham condition (n=14)
 Participated on experiment day 1 (n=17) | | Participated on experimentday 1 (n=13) |
! Did not participate on experiment day 1 (n=0) | i Did not participate on experiment day 1 (n=1)
e SO s

Participated in micro-intervention (n=17) Participated in micro-intervention (n=13)

Did not participate in micro-intervention  (n=0) Did not participate in micro-intervention (n=1)

- No-show (n=0) - No-show (n=1)
Participatea"an experimenitm&’ay 2 (n=17) Parﬁ&pated on exﬁg;iment day 2 (n=13)"
{ Did not participate on experimentday 2  (n=0) | Did not participate on experimentday2 (n=1)

- No-show (n=0) | - No-show (n=1)
Analyzed (n=27)
Excluded from analysis (n=3)

- Due to number of micro-intervention sessions < 11 (n=3)

FIGURE 2 | Participant ow through study.
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o with an increase in mood pre-micro-interventions from dayadl t

53.13% day 13 with regard to GB mood © 0.614, 95%CI [0.297, 0.809],
50% p < 0.001), but not AT moodr(D 0.279, 95%CI1[0.122, 0.602],
p D 0.167) and CN moodr(D 0.277, 95%CI [0.124, 0.601],
40% p D 0.170) (calculations based arD 26, due to missing data).

The feedback of the participantN(D 27) regarding the
number of days of the smartphone-based micro-intervention
20.30% revealed that 5 subjects (18.52%) agreed that 2 weeks were too
11.549% short to be successful, while 10 subjects (37.04%) disagteed
10% 7.46% 7.16% other 12 subjects were neutral); 13 subjects (48.15%) atiraed
2 weeks were well tolerable, while 3 subjects (11.11%) diskgree
(the other 11 subjects were neutral). Regarding the duratibn

30%

20%

0%

Viscerosensory ~ Emotional Facial Contemplative Other technique

attention  imagery (s=40)  expression repetition (s=68)  (s=24) the sessions, 8 subjects (29.63%) agreed that the duratisn wa

(s=178) (=29 too short to be successful, while 13 subjects (48.10%) deshgre

FIGURE 3 | Relative frequency of psychotherapeutic techniqu  es (among which one SUbJeCt even Strongly dlsagreed ; theoth

applied during the smartphone-based micro-intervention ses sions. 6 SUbjeCtS were neUtral); 18 SUbjeCtS (66-66%) agreed (among
Information on selected technique missing for one session;,siwumber of which one subject even “strongly agreed”) that the duraticas
sessions. well tolerable, while 2 subjects (7.40%) disagreed (amonghwhi
one subject even “strongly disagreed”) (the other sevejests
Main Results from the Mixed Model were neutral). More detailed information on the feedbackya#
Analyses as respective information based on the sample of participants

who at least received the micro-intervention instructiaihé D

Changes. in m(t)od fr(;m zre- to p(;)st-'nlic;?-inter;/ela':ijol\: and 30) with relative frequency of responses virtually idertima
across micro-intervention days are depictedrigure ( Q those reported here, are provided in Supplementary Material
good-bad moodFigures 4B,A respectively)Figure 5(MDMQ Table 2

awake-tired mood;Figures 5B,A respectively), and-igure 6

(MDMQ calm-nervous mood; Figures 6B,A respectively).

Mood changes stratied according to psychotherapeuti

technique are depicted iRigure 7. All mixed models included DISCUSSION

a random intercept and slope of day varying among subject§he aim of this study was to scrutinize in a real-world

Entering “micro-intervention day” as higher order than éar  geting the use of smartphone-based micro-interventions in

polynomial did not improve model t. In all three mixed models form of psychotherapeutic techniques and related changes in
(with GB, AT, and CN as outcome) none of the interaction termsy,ood in a non-clinical sample. We hypothesized that mood

were statistically signi cant (see Supplementary Materéd|& 4 improved from pre- to post micro-intervention sessions. Our
for related statistical parameters) and they were hence vegho hypothesis was con rmed. Subjects reported better mood and
from the models. This means that there was no indication thabeing calmer and more awake at post- as compared to pre-micro-
changes in mood from pre- to post-micro-intervention di ered jhteryention. However, there was no indication of increnge
across micro-intervention days, between psychotherapeutiqod across days. Notably, greater mood improvements (GB
techniques, and between conditions. mood) from pre- to post-micro-intervention were associated
_ With regard to good or bad mood as outcome, moodyyith gverall changes in mood from the 1st day until the last day
improved from pre- to post-micro-interventiontf D 0.464,  \which would be in line with micro-interventions incremerita
95%ClI [0.068, 0.860]13.3) D 2.298p D 0.022]. Increases in jmproving mood across days if successful on individual days,
mood across days were statistically non-signi cantl) 0.051,  gyen though our study design does not allow inferring catsal
95%CI [-0.039, 0.140p6 ) D 1.112p D 0.276]. With regard o making assumptions about the long-term stability of the
to awake-tired (AT) mood as outcome, subjects became Mogeects. There was no indication that mood improvements from
awake from pre- to post-micro-interventiorb[D 0.514, 95%Cl - to post-micro-intervention diered between techniques
[0.103, 0.925}(612.4) D 2.456,p D 0.014], but not across days o1 across the 13 micro-intervention days; hence there was
[b D 0.002, 95%CI [0.073, 0.077)255 D 0.048p D 0.962]. g evidence for habituation of potential micro-interventio
With regard to calm-nervous (CN) mood as outcome, subjectg qcts.

became calmer from pre- to post-micro-interventidnD 0.685, Participants conducted the vast majority of the requested
95%Cl [0.360, 1.010}p123) D 4.137,p < 0.001], but not  mjcro-interventions sessions, and only a minority of siitge
across daysyD  0.018, 95%CI[0.088, 0.052}(263)D 0.502,  provided negative feedback regarding the number of micro-

p D 0.620]. intervention days or the duration of the sessions. This
. . indicates that a repeated application of smartphone-based micro

Additional Results Regarding Mood intervention sessions is generally well tolerated. Stilmeso

Changes, and Patrticipants' Feedback individuals reported that they would have preferred a higher or

Average mood improvements from pre- to post-micro- lower number of sessions or alonger or shorter training diarms,
interventions across day 2 to day 12 were signi cantly assed  which indicates that personalization also of these parameters
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FIGURE 4 | Good-bad mood (predicted marginal means, 95%CIs) pre - and post-micro-intervention, by the micro-intervention da y (A) and across all

micro-intervention days (B). *b D 0.464, 95%Cl: 0.068-0.860, t(g13.3) D 2.298, p D 0.022; Higher values indicate better mood; In(A), for the
pre-micro-intervention values, the lower boundaries of th 95%Cls are depicted, for the post-micro-intervention vales, the upper boundaries of the 95%Cls are
depicted; ClI, con dence interval; MDMQ, Multidimensional Mod State Questionnaire; PMM, predicted marginal means.
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FIGURE 5 | Awake—tired mood (predicted marginal means, 95%Cls) pre- and post-micro-intervention, by the micro-interventio n day (A) and across all

micro-intervention days (B). *b D 0.514, 95%Cl: 0.103-0.924,t(g12.4) D 2.456, p D 0.014; Higher values indicate being more awake; Ii§A), for the
pre-micro-intervention values, the lower boundaries of th 95%Cls are depicted, for the post-micro-intervention vales, the upper boundaries of the 95%Cls are
depicted; ClI, con dence interval; MDMQ, Multidimensional Mod State Questionnaire; PMM, predicted marginal means.

may have the potential to further improve the acceptance ofine with evidence that mindfulness-based strategies can
smartphone-based micro-interventions. improve mood and distress (e.g8rake et al., 20)6 even
Our ndings extend previous evidence that short-termthough the current study was only performed on a non-
interventions, using dierent strategies, can modify moodclinical sample of participants. A recent meta-analysis reported
in non-clinical samples in well-controlled laboratory seffs that online mindfulness-based intervention programs of 2—1
(Velten, 1968; Martin, 1990; Schaefer et al., Y08y indicating weeks duration were e ective to reduce symptoms of mental
that this holds true when interventions are applied viadisorders, notably with larger e ect sizes for interventsoof
smartphone in a real-world setting. They are in line withlonger duration Gpijkerman et al., 20)6Furthermore, there
preliminary laboratory-based evidence that smartphonestlas is preliminary evidence that smartphone-based mindfulness
interventions can elicit positive mood states (e@presso et al., intervention programs, lasting one to several weeks, mayadwgr
2012. mood and reduce stress or symptoms of mental disorders (e.g.,
With regard to studies with clinical samples assessingrake et al., 2036 Our ndings—notably based on a non-
psychotherapeutic face-to-face settings, our ndings are irtlinical sample of participants—are in line with this obseroafi
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FIGURE 6 | Calm-nervous mood (predicted marginal means, 95%Cls) pre- and post-micro-intervention, by the micro-interventio n day (A) and across

all micro-intervention days (B).  *b D 0.685, 95%Cl: 0.360-1.010, t(g12.3) D 4.137, p < 0.001; Higher values indicate being calmer; IifA), for the
pre-micro-intervention values, the lower boundaries of th 95%Cls are depicted, for the post-micro-intervention vales, the upper boundaries of the 95%Cls are
depicted; Cl, con dence interval; MDMQ, Multidimensional Mod State Questionnaire; PMM, predicted marginal means.

indicating that (i) mindfulness-based micro-interventiof only  use of video-clip supported procedures, ensuring a standeddiz
several minutes duration, applied via smartphone, go alonl witapplication of the micro-intervention; and fth, the use of nex
rapid mood improvements, and (i) if these interventions aremodel analyses, taking into account, amongst others, iddsdi
successful during daily individual sessions, they are pi@kyn mood variations across days.
leading to mood improvements across 2 weeks, even though There are also limitations. First, we did not include a
we cannot make any assumptions about potential longer-termandomized control condition. Therefore, we cannot detéren
e ects. Furthermore, our ndings are in line with evidencef  which factors led to the mood related changes, and we cannot
the eld of smoking cessation, indicating that mobile phonesexclude changes in mood driven by digital placebo e ects
(however, primarily via text messaging), have been suadhssf (Torous and Firth, 201§ which, however, is an issue not only
used to trigger behavior changé/(ittaker et al., 2016 Notably, in our study but in numerous other studies on the e ects
studies on smartphone-based interventions that target mlent of psychotherapeutic interventiondo@nnidis, 201k Future
health related behavior do not always provide evidence thattudies should estimate the e ects of micro-interventions o
the interventions have the intended e ects; in contrast, som mood within larger randomized controlled trials. Seconde th
interventions may even lead to opposite e ects, at least imlata presented here were collected within a larger study. We
subgroups Gajecki et al., 20)4 cannot nally exclude that our ndings were inuenced by
Our study design does not allow to disentangle potentiaprocedures during the preceding study days. However, these wa
processes underlying the mood changes observed in our studyp statistically signi cant association between the experital
and to identify to which extent dierent features of the condition participants were assigned to on experiment day 1 and
intervention may have contributed to the observed moodsmartphone-based micro-intervention-related mood change
changes and the overall good engagement of study participandsiring the 13 real-world sessions, making it rather unkkel
with the digital intervention. One may speculate that thethat the randomization within the framework of the larger
use of prompts and reminders in our study has improvedstudy was of substantial relevance. Third, the study sampke w
digital engagement, in line with what has been previouslyather homogenous, with all participants being male and the
shown @lkhaldi et al., 20156 Further, consistent with previous majority being rather experienced using smartphones. Notably
evidence, the personal encounter between study personnel agiven that males seek less traditional face-to-face treatm
the participants preceding the real-world micro-intervemt#o for mental health issues than femalgghpdes et al., 20)2
may have enhanced intervention e ects and digital engagememales may be of special interest as target group for altemati
(Palmqvist et al., 2007; Spek et al., 2007; Andersson and €&yijpanterventive approaches. Our ndings should be generalizéd w
2009; Richards and Richardson, 2012; Baumeister et al).2014 caution, and future studies are needed that target population
Important strengths of this study include, rst, the use of dierent cultural backgrounds and more heterogeneous
of psychotherapeutic techniques for which previous evidencwith regard to sex, age, educational background, and digita
indicated potential to improve stress-related processesnsec literacy. Fourth, even though participants were of Korean
the participants' individual selection of their preferredi@iques  nationality, having Korean as a rst language, written study
and, third, individual selection of training times; fourtithe  material was provided in English, which was not adapted or
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FIGURE 7 | Mood changes (means, 95%Cls) from pre- to post-micro- intervention, strati ed according to psychotherapeutic t echnique. Depending on
the scale, higher values indicate better mood, being more aake, and calmer, respectively; Cl, con dence interval; s, nufer of sessions.

normed to the local population. However, all participants hadin line with the precision medicine approachngel, 2014;
excellent knowledge of written English, and using the Efgli Collins and Varmus, 20)5 Furthermore, they may be used
versions of assessment instruments ensured that wetlatalil  to provide in-the-moment support for non-clinical populations
versions were applied. Fifth, without follow-up assessmest, to improve their mood, and allow delivering state-of-the-ar
cannot draw any conclusion regarding the long-term st&pili psychotherapeutic techniques in a non-stigmatizing fashimn
of the mood changes. Finally, we did not randomize thendividuals who otherwise would not have access to therapy
order in which the dierent techniques were introduced to (Morris etal., 2010
the participants. Hence, we cannot exclude that order of As mentioned above, future randomized controlled triale ar
introduction may have inuenced the individual choice of needed to further scrutinize the e ects of smartphone-based
techniques. However, identifying di erences in mood chasmge micro-interventions on mood, including studies addregsin
across psychotherapeutic techniques was not the main goal iof detail the underlying mechanisms. Notably, alternative
our study, and we would have needed a larger sample size antethodological frameworks, such as the “Continuous Evana
randomized assignment to techniques to further scrutirtizis  of Evolving Behavioral Intervention Technologies (CEEBIT
question. Notably, allowing participants to select the tegha  approach {lohr et al., 2013por the “Person-Based Approach
of their choice increased external validity of our studyigesas to Intervention Development” Yardley et al., 20)5 may
smartphone-users usually substantially participate in theicd  allow evaluating the micro-interventions in di erent appli¢anh
of apps that they apply, and the individual selection may alse hawcontexts and help to further tailor applications based on
improved engagemensChueller, 2000 the micro-interventions toward the target user population.
Our ndings may have di erent implications. They suggest In this context, we acknowledge that techniques used in the
the applicability of smartphone-based micro-interventiomsed present study (i.e., the micro-interventions based on video
on techniques that have been previously applied acrosdips accessed via smartphones) may be considered rather
a range of therapeutic approaches, including mindfulness‘conventional,” in light of the rapid technological advancents
based psychotherapy. If our ndings are corroborated inmade in smartphone technology. More recently, more advanced
randomized controlled settings and di erent patient groups,techniques, such as game-like applications, have been used for
targeted smartphone-based micro-interventions may represe delivering smartphone-based psychotherapeutic intervestion
promising tool to modify mood in real-world settings, as part (e.g., Franklin et al., 2016 However, we also note that the
of more complex behavioral intervention technologies (BlTsadvantage of our approach is that the video-clips can be easily
Mohr et al., 201}, and complementing other psychotherapeuticintegrated into more complex interventive “apps” (mobile phone
interventions within blended treatments.y et al., 2015 and  applications) or within the contexts of communication routes
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for example social media or messenger servibésakar et al., JA entered the data and prepared it for statistical analyses; GM,
2015. These approaches, with proper steps taken to safeguai, and AB analyzed the data; GM, JL, and MT interpreted the
information privacy, may confer low-barrier psychosocialdata; GM wrote the rst draft of the manuscript; GM, JL, ES, AB,
interventions. With regard to technological advances, arey MO, EJ, HK, JA, SY, and MT critically revised the manuscript
also consider combining the approach with the collectionfor important intellectual content; MT obtained funding; All
of information based on ambulatory biomarker8d¢n Khelil authors gave nal approval of the manuscript version to be
et al., 2011; Tegetho et al., 2011; Choi et al., 20Which  published and agreed to be accountable for all aspects of tHe wo
may allow the application of micro-interventions based onin ensuring that questions related to the accuracy or intggr
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