


Research Report Somnoactive

As poor sleep is a major problem in to-
day’s fast-paced modern society and
among students, team Somnoactive in-
tended to promote healthier sleep and to
improve the overall wellbeing. Therefore,
we created and easy-to-implement dai-
ly routine which combines a short exer-
cise with scientifically proven measures to
enhance student’s sleep quality. Further-
more, we investigated how incentives for
active reflection and feedback on already
achieved progresses impacts the motiva-
tion to follow the routine. To get an addi-
tional insight into cross-cultural aspects,
we not only conducted the study at TUM
but also at Kwame Nkrumah University of

Science and Technology in Kumasi/Ghana.
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Prof. Dr. Philipp Reiss and Prof. Dr. Manuel Spitschan

Poor sleep is a major problem in today's fast-paced, 24-hour soci-
ety, reducing productivity, affecting social relationships and causing
mental and physical health problems. The goal of the Somnoactive
team was to create an effective routine that promotes regular and
improved sleep, and thus overall wellbeing, and that can be easily
integrated into daily life.

To achieve this goal, the team implemented a study with universi-
ty students, accompanied by interventions of short, daily exercise
routines, a sleep diary, and suggestions for improving sleep hygiene
while measuring the sleep-wake cycle using wrist-worn actiwatch-
es. With their study, they raised awareness for this important topic
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and found that the multi-component intervention has a significant
positive impact on subjects suffering from insomnia. The team also
conducted a second study in collaboration with Kwame Nkrumah
University of Science and Technology (KNUST) in Ghana, a flagship
partner university of the Technical University of Munich, investigat-
ing cultural differences.

As supervisors, we were thoroughly impressed by the high level of
motivation within the team and the self-directed management of
the entire project — from concept to analysis. As the topic was new
to most of the Somnoactive team, their accomplishments are all the
more impressive and noteworthy.



Prof. Dr. Philipp Reiss

It was an insightful experience
to see how the team developed
their idea and realized it within
a very short time besides their
studies. The team showed great
commitment by bringing to-
gether expertise from various
backgrounds and produced a
novel method to investigate and
improve sleep hygiene — a topic
that is highly relevant to us all.

What is your research interest or motivation for science?

As a professor of lunar and planetary exploration, my goal is to
develop and expand our knowledge and capabilities in space sci-
ence and exploration, with a focus on volatiles and resources on
planetary bodies. Besides research, my priority is the education of
our students, providing them with the best possible opportunities
and supervision to acquire and develop their skills and prepare for
a future career.

What special experience from your studies/career would you
like to share with the scholars?

During my studies | was always actively seeking practical experi-
ence by participating in various projects, internships, and student
groups. In a small team, we even developed and launched a micro-
gravity experiment on a sounding rocket, which was an outstanding
learning experience | still treasure today. The university environment
offers a variety of such opportunities, including TUMJA, and | en-
courage our students to explore these and go beyond the common
boundaries of the study program.

Somnoactive

Prof. Dr. Manuel Spitschan

It was great to see the team
flourish and take full ownership
of the project. The topic — using
a simple and scalable interven-
tion to empower people to op-
timize their sleep hygiene - is
right at the core of my research
group’s interest.

What was your best TUMJA
moment?

Seeing the team reach out to
potential partners at KNUST in Ghana, a flagship partner university
of TUM was great. The team demonstrated the feasibility of this
novel arm of their project and acquired further funding for it. As a
circadian neuroscientist and sleep researcher, the ‘global’ approach
to research is key, and seeing the Somnoactive team have this view
toward the horizon, and leaping towards it, was invigorating.

-~

What does mentoring the team mean for your own research?

Mentoring the Somnoactive team brought home the value of an
interdisciplinary team approaching a joint problem of high impor-
tance not only to science but also to society. As a scientist, pro-
fessor research group leader, it can sometimes be easy to work
only within one’s own scientific silo. Seeing a student team take an
interdisciplinary approach was exciting and extremely rewarding.
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Improving students’ sleep in Ghana and Germany

As Prof. Atinuke Adebaniji opens the door to her office, she wears
a bright smile and a patterned dress of vivid orange and purple
colors. The dress is self-designed; she learned how to sew when
she was younger and still uses that skill to design her own clothes
nowadays. Five of us are visiting Kumasi for one week and asked
her for an interview. Prof. Adebaniji is a Professor at the Department
of Statistics & Actuarial Science at the Kwame Nkrumah University
of Science and Technology (KNUST) in Kumasi, Ghana, where she
holds her lectures and coordinates the Laboratory for Interdiscipli-
nary Statistical Analysis (LISA). Besides her work as a professor,
she is a founding member of WISTEMGh (Women in STEM, Ghana).
This initiative offers mentoring workshops and summer schools to
senior high school girls and young women, to inspire and support
them to become senior scientists and technologists. Prof. Adebaniji
had her battles to fight, being a woman in a male-dominated field.
Growing up in Nigeria, she knew from a young age that she had
two passions — books and teaching, but the journey to research
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would take some twists and turns. Having left sec-
ular work in accounting to be a stay-at-home moth-
er for about 7 years, she entered academia in 2003
as an Assistant lecturer at the Department of Math-
ematics, University of Agriculture, Abeokuta, Nige-
ria. In 2009, she was the acting head of the newly
created department of Statistics when she became
aware that KNUST was looking for a lecturer to intro-
duce a Statistics program at the university, so she left
her former university and moved to Kumasi to focus
on her academic career — even though she was the
only woman in the Maths department at that time.

Fourteen years later, she is hosting us at her univer-
sity for our sleep-related study. The topic of ‘sleep’
is becoming more and more famous and awareness
about its importance for physical and mental health is
increasing. Still, the student population tends to suf-
fer strongly from insomnia, bad sleep quality and low
sleep duration. The number of young adults with di-
agnosed sleeping disorders is rising. Many students
do not get the recommended 7-9 hours of sleep per
night, especially not during exam periods. This can lead to several
mental and physical problems and a reduction in academic perfor-
mance. Although research on the topic has increased significantly
over the last two decades, effective solutions to this problem still
need to be found. We aimed to provide a low-threshold routine that
improves the participants’ sleep efficiently without taking up too
much time every day or changing the students’ day-to-day life too
radically.

To do that, we designed a 30-day routine. During the intervention,
the participants receive a video every morning, which includes an
easy and short workout to stimulate the cardiovascular system and
a scientifically proven suggestion on healthy sleep hygiene prac-
tices. We previously carried out the study in Munich and are now
looking for participants at KNUST. After both studies, we would like
to compare sleep habits in Ghana and Germany, keeping in mind the
different cultural and climatic conditions.



We are not the first research group of TUM that is visiting KNUST.
The strategic partnership between the two universities started in
2018, after several collaborative projects. Prof. Adebaniji herself isn’t
very involved in the partnership, but started working with professors
at TUM, mainly Prof. Muller from the Maths Department and Prof.
Tellier in Genetics, about two years ago. A few of her graduate stu-
dents participated in the TUM.Africa Talent program, an exchange
program for doctoral candidates, and, therefore, stayed in Munich
for three months. At the closing event of this program, two of us first
met Emmanuel Owireda, a participant of TUM.Africa and Assistant
Lecturer at KNUST. He later helped to organize and conduct the
study in Kumasi and initiated the first contact between Prof. Ade-
banji and us. When she first heard of the project, she was happy
and excited to host us in Kumasi, especially because she hoped
to encourage contact between us and KNUST students. She en-
visioned a gathering of both groups, to give the KNUST students
the opportunity to ask questions about life and studies in Germany.
Unfortunately, such a gathering did not take place during the week
we stayed in Kumasi due to a tight schedule. Hopefully, future teams
can take this opportunity.

We did, however, visit several lectures to advertise our project and to
look for participants for the study. In the end, we were able to enlist
54 students, the same number of participants as we had in Munich.
All students were introduced to the topic and the study procedure
and were equipped with a sleep tracker. The sleep tracker is an es-
sential part of the study and measures the activity of the person who
wears it throughout the night. With this information, it is possible to
determine the participant‘s pattern of sleep phases and draw con-
clusions about changes.

After the interview, we present some gifts from Munich, a Beer Mak-
ing Kit and gingerbread hearts, to thank Prof. Adebanji, Emmanuel
and all the other responsible people for their help and hospitality
throughout the past week. We definitely enjoyed our stay in Kumasi
and encourage other teams to organize a similar exchange them-
selves. Hopefully, we were able to strengthen the bond between
TUM and KNUST and help students in both universities to sleep
better in the future.

Somnoactive

Our Top Ten sleep facts:

Start your day outdoors! Exposure to natural light can
assist in waking up and prevent afternoon crashes.

Create arelaxing bedtime routine tailored to your pref-
erences, like reading or listening to soothing music,
and limit screen time to avoid disruptive blue light.

Incorporate a cold shower into your morning routine
to feel more energized throughout the morning.

Limit caffeine intake within the first hour or two of
waking up and avoid it before bedtime to ensure a
restful night's sleep.

If you're having trouble falling asleep, get out of bed
and do a calming activity until you feel drowsy rather
than staying awake in bed.

Exercise in the morning to enhance alertness and
synchronize your body's internal clock.

Experiencing orgasm, no matter how it's achieved,
can help with falling asleep.

Determine your chronotype (morning lark, humming-
bird or night owl) to understand your natural sleep
tendencies and, if possible, adjust your schedule ac-
cordingly.

Resist the urge to hit snooze to avoid disrupting your
sleep cycle.

If you need a nap, aim for a short duration of 10-20
minutes to prevent disrupting your nighttime sleep
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The importance of sleep for health and well-being is well known,
yet third of all adults in the US report getting less than the rec-
ommended amount of sleep. Here, we investigate the impact of
feedback and incentives for active self-reflection on drop-out rates
in a 30-day intervention for sleep habit improvement. Furthermore,
the impact of the intervention on the participant’s sleep routine and
quality is studied. After the study an overall reduction of BIS scores
is observed for participants completing the study. A significant
improvement is noted in participants identified as “insomniacs”
at the beginning of the study, providing some evidence that the
multi-component intervention including sleep education, physical
exercise, and relaxation techniques, has a positive impact on sub-
jects suffering from insomnia. Study groups receiving incentives for
active reflection by filling out a sleep diary, or additionally receiving
feedback on sleep improvements, showed a higher motivation for
study continuation and therefore a lower drop-out rate.

Background:

The importance of sleep for health and well-being is well known
to the general public. However, poor sleep and insomnia remain
prevalent issues worldwide. A reason for this prevalence could
be that adhering to routines aimed at treating symptoms is diffi-
cult. Therefore, we studied the effect of feedback and incentives
for self-reflection on the completion rate of a 30-day multi-com-
ponent intervention, including sleep education, physical exer-
cise, and relaxation techniques. Also, the effect of the interven-
tion on the participant’s insomnia and sleep hygiene knowledge
was studied. A comparison between participants in Germany and
Ghana was made.

Methods:

Healthy students (n = 56, age range 18-30) were randomized to
three study groups, one watching only videos during the interven-
tion, one watching videos and filling out a daily questionnaire, and
a third one watching videos, filling out a daily questionnaire, and
getting weekly individual feedback. The Bergen Insomnia Scale
was used to assess insomnia symptoms before and after the study,
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while a Sleep Hygiene Knowledge questionnaire based on sleep
myths and evidence-based sleep hygiene recommendations was
used to assess improvement of knowledge before and after the
study.

Results:

After the study an overall reduction of BIS scores is observed for
participants completing the study. A significant improvement (5
points compared to pre-intervention) is noted in participants identi-
fied as “insomniacs” at the beginning of the study, providing some
evidence that the multi-component intervention including sleep
education, physical exercise, and relaxation techniques, has a
positive impact on subjects suffering from insomnia. Study groups
receiving incentives for active reflection by filling out a sleep diary,
or additionally receiving feedback on sleep improvements, showed
a higher motivation for study continuation and therefore a lower
drop-out rate.

Understanding of the importance of sleep for well-being, i.e., phys-
ical and mental health, as well as cognitive and physical capabili-
ties, is well established [1, 2, 3]. Although the significance of sleep
is widely recognized and acknowledged by the general public, it
is often disregarded that maintaining a consistent sleep schedule
can help in regulating the circadian rhythm and enhancing overall
sleep quality [4]. Acting as an internal clock, the circadian rhythm
regulates hormone production and the body’s metabolism, as well
as people’s sleep [5]. A disturbance or lack of sleep is therefore as-
sociated with a disruption of the internal clock, potentially leading
to adverse health effects such as obesity [6], hormonal imbalances
[7], mental health problems [8], and learning and memory difficulties
[9] (see e.g. [10] for a review).

Poor and inconsistent sleep is not a niche problem but affects large
swathes of society, with one-third of Americans reporting getting
less than the recommended amount of sleep [11], one out of ten
Europeans suffering from chronic insomnia [12] and also 7.5% of



adults in low- and middle-income countries reporting sleep prob-
lems [13]. More alarmingly, the prevalence is increasing [14], high-
lighting the importance of addressing this issue on a societal level.
Within 20 years, the prevalence of sleep problems in low-income
countries is expected to almost double, from 150 million in 2010 to
260 million in 2030 [15].

There are major social reasons for sleep deprivation and sleeping
patterns that diverge from the 24-hour light-dark cycle. The phe-
nomenon of shorter sleep during work weeks has been coined as
“social jetlag,” and with the rising availability of instant media and
entertainment, this often leads to strong variations and disruptions
in sleep patterns resulting in reduced sleep quality.

To tackle the adverse health and other negative effects [16] of
poor and/or insufficient sleep and promote better sleeping quality,
a simple but effective intervention, that can be used on a large
scale without requiring any advanced tools, is desirable. Albakri,
Drotos, and Meertens [17] reviewed existing intervention stud-
ies and classified them into eleven broad categories, namely:
sleep education, behavioral change methods aimed at promoting
awareness and active control of routines and stimuli, relaxation
techniques, physical exercise, mind-body exercise that combine
meditation with physical exercise, aromatherapy and or massage,
environmental, psychotherapy, later school times, multicompo-
nent, and others. The effectiveness of these interventions varies
strongly among studies, with Lie Aslund et al. [18] reviewing six
studies among school-age children and adolescents and finding
an increase in total sleep time (TST) and sleep onset latency (SOL)
in the intervention group during the studies. The positive effect on
SOL remained in follow-up studies 4-8 weeks later. A review of
interventions that included education on sleep hygiene behavior
among undergraduate or graduate college students (18 years or
older) found three studies reporting no significant difference on
sleep quality (P > 0.05) and only one study reporting significant
improvements (P = 0.017). Although the sample size of reviews
is small, Albakri, Drotos, and Meertens [17] found promising im-
provements in TST and sleep quality for physical exercise inter-
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ventions and some small positive impacts on sleep duration for
sleep education interventions.

For a broad application in the general public, a multi-component
intervention, including sleep education, physical exercise, and re-
laxation techniques, hold up to the aim of being simple in their im-
plementation and requiring no additional tools. It should therefore
serve as a good basis for a sleep improvement protocol.

Even though studies with similar methodologies reach different
conclusions and overall impact appears low, there were no reviews
indicating adverse effects. This indicates that the reason for no sig-
nificant improvement in sleep duration and quality in certain studies
might have been a consequence of how motivated and prepared
the participants were to change their sleep habits, how relevant
and important sleep was to them, and how the intervention was
delivered and designed [19].

Therefore, an important aspect of a successful intervention is to
make the program engaging — like Duolingo for language learning,
for example.

Most importantly, an intervention should keep participants’ intrinsic
motivation high over a long time. To build a long-lasting habit, it
takes around 66 days of repetition [20], while a lack of motivation
and the appearance of boredom are major reasons why people
stop routines beneficial to their health.

One of our aims is therefore to study how intrinsic motivation can af-
fect the adherence to a sleep improvement routine. The developed
30-day program, designed around proven sleep hygiene measures
to help students establish a better sleep routine, is outlined in de-
tail in subsection 3.1. The students participating in our study all
followed a 30-day program, whereby one group was encouraged
to actively reflect on their sleep by filling out a daily questionnaire,
the second group, on top of that, got weekly feedback on their pro-
gress, while a control group only followed the 30-day program with-
out further reflection incentives or feedback.
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The primary objective of the study was to investigate the conditions
under which students maintain their motivation to participate in a
30-day intervention on sleep and physical activity. This research
interest led to the formulation of the following research question:

Research Question: How do feedback and incentives for active
reflection influence the motivation of participants to stay engaged
and committed to a 30-day routine to improve their sleep quality?

Based on the research question, a hypothesis was developed:
Hypothesis: Participants who receive specific feedback on chang-
es regarding their sleep during the 30-day program will be more
motivated to continue with the intervention. Furthermore, we ex-
pect that existing incentives to reflect on sleeping habits in the
form of filling out a questionnaire regularly help in actively noticing
positive changes, thereby also increasing the motivation to stay
committed.

Apart from this overall research objective, the study and especially
the developed routine program (also aimed to reduce the time it
takes the participants to fall asleep) decrease the number of times
they wake up during the night, increase the feeling of restfulness in
the morning, and reduce tiredness during the day.

To draw conclusions about possible intercultural differences, the
study was also conducted at Kwame Nkrumah University of Sci-
ence and Technology in Ghana, a partner university of Technical
University of Munich.

In the following, a detailed description will be provided of how the
above-mentioned research objectives were methodically investi-
gated and processed.

3.1 Development of a 30-Day Routine Program

The 30-day routine program, which formed the basis of the study,
was developed conscientiously and based on scientifically proven
measures by the project group. It consisted of 30 videos with a
length of 7 minutes each, in which practical exercises for physical
activity and information how to improve one’s sleep hygiene were
presented. The videos were produced by two members of the pro-
ject group, assisted by an experienced videographer.
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3.2 Surveys and Questionnaires
For the study, a total of 4 different questionnaires were developed,
as seen in the following.

Initial survey (1x, pre-intervention): Prior to study start, partic-
ipants were given an initial questionnaire. Besides organizational
questions, the participants had to answer questions relating to
sleep and tiredness using the Bergen Insomnia Scale (BIS). Fur-
thermore, prior knowledge about sleep hygiene was investigated
by various questions. Both sections will be explained in further
detail below.

Questionnaire about sleep in the previous night (daily
throughout the study): During the 30-day program, the partic-
ipants were asked to answer a few questions about their sleep
during the previous night each day after watching the exercise
video. This questionnaire included, for example, the time it took
one to fall asleep or the frequency of waking up during the night.

Survey about motivation (weekly throughout the study): In a
weekly rhythm, participants were asked about their general mo-
tivation to maintain the program or routine.

Final survey (1x, post-intervention): In addition to general or-
ganizational questions, the participants should, as in the initial
survey, answer questions relating to sleep and tiredness using
the Bergen Insomnia Scale (BIS). Furthermore, a list of all sleep
facts that were provided to the participants during the study was
presented and the participants had to answer whether a sleep
hygiene measure was new/surprising to them; if they had con-
tinued any of them so far; if they planned to continue one in the
future; and if they were able to incorporate the sleep hygiene
measure into their day-to-day life. Finally, the sleep hygiene
knowledge questionnaire was given again, to check whether
their knowledge level might have changed.

The Bergen Insomnia Scale (BIS) questionnaire [21], that was used
in the initial and final survey, contains six questions (see Table 1). It
is based on the Diagnostic and Statistical Manual of Mental Disor-
ders [22], and aims to asses insomnia, with the first three questions
being on the ability to fall asleep, stay asleep, and sleep enough,
while the second three questions asses tiredness and sleep sat-
isfaction. In the BIS questionnaire, the participants were asked to



answer on a scale from 1 to 7, whereby 0 meant no days during a
week, while 7 meant every day during a week.

In addition to the BIS, participants were also asked to fill out a
questionnaire on sleep hygiene knowledge in the initial and the final
surveys (see Tables 2 and 3). Half of the participants were given
the statements in Table 2, while the other half were given the state-
ments in Table 3. The groups were randomly selected without re-
gard to which study group the participants belonged.

The participants were asked to rate the statements on a scale from
1 to 7. Whereas for the BIS an answer of 0 meant no days and
7 every day during a week, for the sleep hygiene questionnaire,
the scale from 1 to 7 measured their agreement with the given
statements, whereby 1 meant Strongly Disagree, 2 Disagree,
3 More or Less Disagree, 4 Unsure, 5 More or Less Agree, 6 Agree,

During the past month, how many days
a week has it taken you more than 30
minutes to fall asleep after the light
was switched off?

0 -7 days

During the past month, how many days
a week have you been awake for more
than 30 minutes between periods of
sleep?

0 -7 days

During the past month, how many days
a week have you awakened more than
30 minutes earlier than you wished
without managing to fall asleep again?

0 -7 days

During the past month, how many days
a week have you felt that you have not
had enough rest after waking up?

0 -7 days

During the past month, how many days
a week have you been so sleepy/tired
that it has affected you at school/work
or in your private life?

0 -7 days

During the past month, how many days
a week have you been dissatisfied with
your sleep?

0 - 7 days

Table 1: The Bergen Insomnia Scale (BIS) questionnaire contains 6 questions on
sleep patterns and perceived tiredness [21]
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and 7 Strongly Agree. Half of the questions seen in Tables 2 and
3 were correct, meaning an answer of 7 is considered good,
while the other half were incorrect, meaning 1 would be the cor-
rect answer.

3.3 Marketing and Recruiting

In order to draw attention to the study and recruit participants, dif-
ferent marketing strategies were implemented. On one hand, ad-
vertising posters were designed and placed at various locations
around the TUM site. On the other, an Instagram channel served as
a platform to raise awareness about the project and the possibility
to register. In addition, promotional materials such as the poster
and infographics were sent by e-mail to student councils and other
TUM-affiliated organizations. The possibility of participating in the
study was also raised by personal communication in the social en-
vironment of the project group. Participants were able to register
for the study using a link via the portal “BayernCollab” whereby the
registration period lasted about 5 weeks.

3.4 Participants and Study Groups
After the registration period, all registrants meeting the defined re-
quirements were informed by E-mail about the further steps of the
study. Applicants were disqualified if they met at least one of the
following exclusion criteria:

Not a student

Pregnancy/Parenthood

Major sleeping disorder

Travelling to another time zone within

the duration of the routine program

Shiftwork

All participants were given an appointment to pick up a sleep track-
er and sign further study documents. In total, 53 persons were offi-
cially introduced as study participants.

The participants were randomly assigned to three different study

groups:

1. Group 1: Survey about motivation (weekly)

2. Group 2: Survey about motivation (weekly) + questions about
sleep in the previous night (daily)

3. Group 3: Survey about motivation (weekly) + questions about
sleep in the previous night (daily) + feedback on changes in
sleep quality (weekly)

TUM: Junge Akademie — Research Reports 2023 101



1 Consistent Sleep Schedule | Consistently waking up at the same time each day and going to sleep when the | [23] True
first signs of sleepiness emerge might contribute to better sleep hygiene.
Avoiding Caffeine Avoiding caffeine within 8-10 hours of bedtime can improve sleep quality. [24] [25] | False
Caffeine Intake Caffeine intake in the morning after waking does not impact sleep quality. [24] [25] | False
Light Exposure Restricting exposure to bright lights, especially bright overhead lights, between [26] True
10 pm and 4 am might be associated with better sleep hygiene.
5 Short Naps Only Limiting daytime naps to less than 90 minutes, or abstaining from napping, may | [27] [28] | True
be conducive to improved sleep quality.
6 Pre-Bedtime Alertness Expecting to feel highly alert approximately one hour before one’s natural bed- [29] [30] | False
time could be a characteristic of good sleep hygiene.
7 Alcohol Consumption The consumption of alcohol has no effect on sleep patterns. [31] False
8 Sleep Environment Maintaining a cool sleeping environment may be a factor that improves sleep. [31] True
9 Sleep Needs Sleep needs are individual and constant in adult humans. [31] False
10 Sleep Flexibility Being able to fall asleep “anytime, anywhere” is a sign of a healthy sleep system. | [31] False
11 Sleep Duration Many adults need only 5 or fewer hours of sleep for general health. [31] False
12 Adaptability Your brain and body can learn to function just as well with less sleep. [31] False

Table 2: Version 1 of the Sleep Hygiene Knowledge questionnaire, developed by the authors based on behavioral and environmental recommendations intended to promote

healthy sleep. Participants were asked to rate statements on a scale from 1 (Strongly Disagree) to 7 (Strongly Agree) based on their knowledge and beliefs about sleep hygiene.

13 Adults’ Sleep Patterns Adults sleep more as they get older. [31] False
14 Sleep Quantity If you can get it, more sleep is always better. [31] False
15 Sleep Timing In terms of your health, it does not matter what time of day you sleep. [31] False
16 Rest vs. Sleep Lying in bed with your eyes closed is almost as good as sleeping. [31] False
17 Weekend Sleep Sleeping in on weekends is a good way to ensure you get adequate sleep. [32] False
18 Sleep Difficulties If you have difficulty falling asleep, it is best to stay in bed and try to fall back to sleep. | [31] False
19 Snoring Although annoying for bed partners, loud snoring is mostly harmless [31] False
20 Afternoon naps If you are having difficulties sleeping, taking a nap in the afternoon is a good way | [31] [33] | False
to get adequate sleep

21 TV Before Bed Watching television in bed is a good way to relax before sleep [31] False
22 Boredom and Sleepiness Boredom can make you sleepy even if you got adequate sleep before [31] False
23 Exercise and Sleep Exercising within 4 hours of bedtime will disturb your sleep [34] False
24 Sunlight Exposure Exposure to natural sunlight after waking and again in the late afternoon, prior to | [35] True

sunset, may positively impact sleep quality

Table 3: Version 2 of the Sleep Hygiene Knowledge questionnaire, developed by the authors based on behavioral and environmental recommendations intended to promote
healthy sleep. Participants were asked to rate statements on a scale from 1 (Strongly Disagree) to 7 (Strongly Agree) based on their knowledge and beliefs about sleep hy-
giene. The questionnaire was aimed at measuring the participant’s knowledge about routines and techniques impacting sleep quality and their belief in so-called sleep myths.
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3.5 Study Design and Procedure of the Investigation

The 30-day intervention was preceded by a one-week pre-interven-
tion phase, in which participants had to complete an initial survey.
The sleep of the participants was already being tracked during this
time. Afterwards, the 30-day intervention started, in which the par-
ticipants were presented with a 7-minute exercise video every day.
They were recommended to watch the video and follow the exer-
cises directly after waking up in the morning. Furthermore, partic-
ipants were provided with information on good sleep hygiene and
their sleep was tracked with a sleep tracker. This was followed by a
one-week post-intervention phase, in which sleep was still tracked.
At the end, a final questionnaire was presented to the participants.
Depending on which group the participants were assigned to, in
addition to a weekly survey (Group 1, 2, and 3) they were asked
daily questions about their sleep during the previous night (Group
2 and 3). Group 3 was additionally given feedback weekly about
changes in their sleep.

BIS1 BIS 2
4.0

3.0
F

20

HAverage BIS

15

BIS 4 BIS 5
4.0

3.0

Average BIS

Group 1 Group 2 Group 3 Group 1 Group 2

10
0.0

25
20
LS
10
0.0

Group 3
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4.1 Study in Germany

4.1.1 Bergen Insomnia Scale (BIS)

The study was conducted amongst 56 students aged 18 to 30 years
(mean age of 23.1 years, 56% female) at TUM, of which all filled out
the initial survey and 29 the final survey. In both surveys the partici-
pants were asked to complete the Bergen Insomnia Scale (BIS) ques-
tionnaire containing six questions (see Table 1), where 0 meant no
days during a week and 7 meant every day. The average answers to
the BIS questionnaire split up into the three subgroups before (blue)
and after (yellow) the study are shown in Figure 1. The key finding
derived from Fig. 1 is a notable amelioration in participants’ subjective
assessments of insomnia symptoms throughout the 44-day duration,
observed consistently across all queried domains and experimental
subgroups. Also, it is worth noting that the students participating in
the study indicated that they struggled most with feeling rested after
waking up and overall sleep satisfaction, while waking up at night for

BIS 3

Type
BIS 6 . nitia
final

Figure 1: Average answer
to the Bergen Insomnia
Scale (BIS) questionnaire
of all 29 German partici-
pants finishing the study,
before (blue) and after
(yellow) the study, split up
Group 1 into the subgroups

Group 2 Group 3
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longer periods and waking up earlier than intended were not major
issues. A large-scale study amongst 50054 students in Norway con-
ducted in 2018 also used the BIS to assess insomnia [36] and found
that 34.2% of female study participants suffered from insomnia while
it was only 22.2% in men. Overall a strong increase in insomnia from
22.6% in 2010 to 30.5% in 2018 was observed [36]. The average of
30.5% is because only three in ten participants were men. The criteria
for the assessment of whether a participant suffered from insomnia
were the following: “(a) the presence of either DIS [Authors’ note: DIS
stands for “difficulties initiating sleep,” and is in the following treated
as being equal to question 1 in Table 1], DMS [Authors’ note: DMS
stands for “difficulties maintaining sleep,” and is in the following treat-
ed as being equal to question 2 in Table 1] or EMA [Authors’ note:
EMA stands for “early morning awakening,” and is in the following
treated as being equal to question 3 in Table 1] for at least 3 nights per
week; (b) the presence of daytime sleepiness and tiredness [Authors’
note: in the following, this is treated as being equal to any of the ques-
tions 4-6 in Table 1] for at least 3 days per week; and (c) a duration of
the sleep problems for at least 3 months.”

Applying an equivalent method to determine the prevalence of in-
somnia in our participants prior to the study, excluding the duration
criteria (i.e., sleep problems lasting at least 3 months, which were not
evaluated), we find that 36% suffered from insomnia before the inter-
vention. This aligns closely with reported rates in Norway.

s Boxplots for All Survey Initial Values

25

20

10

— L

BIS_sum_initial BIS_sum_final

Variable

Figure 2: Box plot of the BIS median composite score for the initial (blue) and final
survey (yellow)
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The median composite score of the BIS in our study before the inter-
vention was 13, and 9 after the intervention (see Fig. 2). In a 2023 study
the capability of mindfulness-based cognitive therapy (MBCT) to im-
prove insomnia symptoms was tested in 55 individuals with recurrent
depression with a mean age of 40.7+12.9 years, of which 74.5% were
females. The intervention lasting 8 weeks was successful in reducing
the average composite score of the BIS in the MBCT group by 5.8
points from an initial score of 20.6+8.1 on the BIS score compared
to an increase by 1.1 points in the waitlist control group [37]. The
mean composite BIS score of the participants who completed the
study by filling out the final survey declined by 4 points in our study
and by 5 points for participants classified as “insomniacs” at the start
of the study. We observed no improvement for participants with no
insomnia symptoms at the start of the study. While we did not have a
control group in the study, the findings of the participants who com-
pleted the study, alongside the findings on the evolution of the waitlist
control group of the Norwegian study [37] on MBCT, suggests that
our multi-component intervention can help decrease symptoms of in-
somnia. Moreover, 95% of the participants with insomnia symptoms
completed the intervention, indicating a high level of adherence and
engagement with the multi-component program for the target group.

To further support the claim of an improvement in insomnia symp-
toms, we utilized a method known as a “random walk.” A random
walk describes a process in which a step in any allowed direction
is equally likely and determined at random. This method is a good
tool to simulate the evolution of a system, especially when multiple
external factors introduce unpredictability.

In our case, we studied the evolution of the BIS score over 30 steps,
each step representing a day of the intervention. We assume the step
size, i.e. how much the score changes from one day to another, to be
equal to 1 point on the BIS. We also allow for the BIS score to remain
at its current value, which corresponds to a step size of 0.

We then compared a pure random walk, where the likelihood of the
BIS score increasing, decreasing, or remaining the same is equal,
to a random walk with a trend. In the latter, although the direction of
each step remains random, the probability of the BIS score decreas-
ing is greater than the probability of it increasing.

In Fig. 3 we show the evolution of the standard deviation and mean
for the pure random walk method (blue) and the random walk with



a trend (orange) averaged over 30 trials. In each trial we bounded
the BIS scores to lie within [0, 42] by ignoring steps that would
exceed these bounds. In the blue random walk, we assume equal
probabilities of one-third for each of the following outcomes: an
increase, a decrease, or no change in the BIS score. On the other
hand, the orange random walk assumes a one-third probability for
the BIS score to remain the same at each step, a 45% probability of
a decrease, and only a 22% probability of an increase.

While the specific values of the random walk simulation may not
describe the actual evolution perfectly (for instance, we expect the
improvement to not kick in from the start and flatten with increased
time), the simulation serves as a visualization of the positive impact
our intervention has.

Evolution of BIS score over time for participants suffering from insomnia

—— Random walk without trend
225 4 —— Random walk with trend
& [Initial BIS score
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Figure 3: The blue (initial) and red (final) error bars show the mean and standard devi-
ation of the initial and final BIS scores of participants with insomnia symptoms, while
the blue (equal probability of increasing p,,.,se and decreasing ppes- the BIS score)
and orange (Ppetie/Pworse = 1-35) lines show the evolution of the mean BIS scores and
standard deviations assuming an underlying random walk.

4.1.2 Sleep Hygiene Knowledge

The sleep myths were debunked, and sleep hygiene knowledge was
disseminated during the 30-day intervention by including a short
fact at the end of the workout videos the participants were sup-
posed to watch each morning. These sleep facts addressed all the
statements given in the initial survey.

Somnoactive

After the intervention, the participants got a survey again including
the BIS questionnaire and the sleep hygiene knowledge question-
naire with the same set of questions.

We expect the answers regarding sleep myths to follow a bimodal
distribution with participants either believing them to be correct or
incorrect. For these questions we report the percentage of agree-
ment and disagreement and their certitude, as the average value
within the two subgroups (see Table 2).

For the questions on knowledge that impacts sleep quality that is not
directly tied to a sleep myth, we expect the answers to be normally
distributed with a mean of 3.5, meaning there is no knowledge about
the technique/ routine among the study population.

26 out of the 54 initial participants filled out the final survey, and only
those 26 were considered for the evaluation of the sleep hygiene knowl-
edge improvement. To assess how their sleep hygiene knowledge
changed, the difference between the answered value was calculated,
where a positive difference means they became more sure of the cor-
rectanswer. The resultis shownin Figure 4 per participantand question.

To analyze the overall improvement per participant, the differenc-
es were then summed up, so that a lowest value of -72 could be
reached for maximum deterioration, or a high of 72 for highest pos-
sible improvement. As seen in Figure 5, the mean improvement is
at 0.38, with the median value at 0.5. This increase is not signifi-
cant. One reason could have been that the participants only got
the correct information once and a retention of the information over
an extended period is unlikely. However, we expected “motivated”
participants to improve nevertheless either by reading up on sleep
hygiene knowledge privately or by paying close attention to the in-
formation in the videos, and by incorporating the positive tips into
their daily routines and avoiding habits with negative impact on
their sleep.

4.1.3 Motivation of participants

To assess the impact of incentives for active reflection and provid-
ing feedback on the motivation of the participants two main data
points were analyzed: The number of participants that dropped out
of the study and the time they spent watching the daily video. As
threshold for a participant to be considered as “dropped out” we
defined skipping two videos in a row or five videos in total. Monitor-
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ing dropout rates is generally essential to monitor as they can im-
pact the validity and reliability of study results. High dropout rates
may indicate issues with participant engagement, study design, or
intervention effectiveness.

An overview of initial number of participants, total dropouts and the
percentage of dropouts for each study group is shown in Figure 6.
Group one exhibits the highest dropout rate, with more than 60%,
while group two has a rate of about 50% and in group three, less
than 40% dropped out.

Answer change by participant and question
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Figure 4: Difference in answer confidence per participant and question. Both ques-
tion sets one and two are combined.survey (yellow)

This suggests potential concerns with participant engagement or
the effectiveness of the video-only intervention. Based on these
results, strategies to improve participant retention, such as en-
hancing intervention content, providing incentives, or implement-
ing reminders, seem more effective than only providing the routine
content. Further investigation of reasons for dropout, such as par-
ticipant demographics, preferences, or study-related factors, could
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Arewan changes summad up

promote development of targeted
interventions to mitigate dropout .
rates and improve overall study
success. 8

The second metric investigated
is the time the participants spent
on the survey page with the video.
Spending less time than the video a3
duration might imply a loss of inter-
est or skipping parts of the intend-
ed routine. Based on the length of
the videos, where the shorter ones
are about 367 seconds and some ...

time was deducted for intros and

outros, a threshold of 350 seconds ~ -*

was set for a participant to have  Figure 5: Answer confidence differ-
spent ’enough’ time on that web- ences summed up per participant.
site. From the p-values calculated for the results shown in Figure 7,
no significant difference between the groups could be found.

1]

4.2 Study in Ghana

After the study in Munich concluded, the team traveled to Kwame
Nkrumah University of Science and Technology (KNUST) to set up
the study there as well. The same study design as described in
section 3 was used. Because of time constraints and significant
differences in how student projects are approached in Ghana, the
way participants were selected differed: In Germany, all students
could voluntarily join if they had interest in the topic of sleep im-
provement, and they were only incentivized by advertisement or
word of mouth.

At KNUST however, advertisement possibilities were limited, so
most of the communication to students was through visiting lec-
tures and introducing the project. Afterwards, to help gain enough
participants, the lecturers advised certain students of their classes
to join our program. The selection of students was based on their
perceived reliability in handling and returning the sleep trackers that
were given out.

This factor might have led to a different general motivation to partic-
ipate in the study compared to the German students. It is therefore
important to note that it is difficult to amalgamate the two data sets



from Germany and Ghana. Some comparisons of notable values
are shown in the following, but they have to be viewed with caution.

4.3 Difference in Sleep Hygiene Knowledge and BIS score be-
tween Ghana and Germany

As part of our study, we investigated how sleep routines and hab-

its, motivation, and knowledge vary between different regions of the

world, specifically Germany and Ghana, and how this affects the

Total Participants for Each Group

Somnoactive

outcome of the 30-day sleep quality and sleep routine improvement
program. Independent of the differences between the studies in Ger-
many and Ghana, outlined in section 4.2, an assessment of different
sleep hygiene knowledge in Germany vs. Ghana was done. Fig. 8
shows the average scores for sleep hygiene knowledge questions
from 1 (Strongly Disagree) to 7 (Strongly Agree) of Tables 2 and 3 in
Germany and Ghana sorted in descending order by the difference
in points between the German and the Ghanaian students’ answers.

Group 3

Group 3

Group 3 Figure 6: Counts of all participants (top), dropped

out participants (middle), and the dropout percent-
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Distribution of Videos Watched for Different Groups (Watched =350s)
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Figure 7: Amount of Videos watched for more than 350s based on total time spent on the
webpage, for Group 1 (right), Group 2 (middle) and Group 3 (left)

It is worth noting that there was a significant discrepancy (over 1.5 points)
in the average agreement with the top 10 statements. Also, for statements
21,14, 6, 18, 9, and 17, the German students tended to disagree more,
while the Ghanaian students tended to agree more with the statements.

A more precise comparison for each question is depicted in Figure 9, in
which the six questions with the biggest difference were compared using
boxplots for each of the two participant groups. Particularly noteworthy is
the difference in confidence for particular questions. While for question 21
and 14, German students were more undecided in their answer, Ghanaian
students showed a much more uniform agreement with the statements.
On the other hand for question 11, German participants were very uniform
in their denial of the thesis, while Ghanaian participants were much more
undecided.

Figure 10 shows a similar comparison of pre- and post-intervention BIS
scores for the participants of the Ghana study. While the improvement was
even less than for German participants, it is worth noting that participants
in Ghana started with a much higher BIS score on average than German
participants.
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Figure 8: The figure shows the average scores reflecting the agreement/
disagreement with the statements provided in the sleep hygiene knowl-
edge questionnaire between the study participants from the Technical
University of Munich in Germany and the participants from the Kwame
Nkrumah University of Science and Technology in Ghana, sorted by the
difference between the German and Ghanaian students.
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The observed reduction of BIS scores across all subgroups with a
median composite score decreasing from 13 before the interven-
tion to 9 afterwards, coupled with the significant improvement not-
ed in participants identified as "insomniacs” at the study’s outset,
provides some evidence that the multi-component intervention
including sleep education, physical exercise, and relaxation tech-
niques, has a positive impact on subjects suffering from insomnia.
Furthermore, the high completion rate of 95% among participants
with insomnia symptoms, suggests that the intervention achieved
a high attention rate and thus has the potential to address sleep
disturbances effectively, especially among university students.

Significant differences between the subgroups 1 (only weekly
surveys), 2 (weekly survey and daily questionnaire) and 3 (weekly
survey, daily questionnaire and feedback on sleep quality), indi-
cating that receiving feedback and incentives for active reflec-
tion are essential for enhancing sleep quality over the 30-day
period were not observed. However, the lower dropout rates for
the group receiving feedback and reflecting on their sleep by
keeping a sleep diary suggests that motivation for study contin-
uation is impacted. The non-significant level of improvement in
sleep hygiene knowledge before and after the study suggests
that a brief sleep fact presented after a daily workout routine may
not suffice to enhance understanding of positive sleep practices.
Thus, future interventions may benefit from exploring alternative
techniques for disseminating knowledge to enhance this aspect
of the intervention.

We want to thank Nils, especially for filming and editing the exer-
cise videos used in the intervention. Also a big thank you to our
supervisors Prof. Dr. Manuel Spitschan and Prof. Dr. Philipp ReiB,
our tutors Genoveva Milller and Elisa Rodepeter, and the office
team around Constanze, Dennis and Peter for all the help and
guidance during the 20 months. Last but not least, thank you to
the TUM: Junge Akademie as well as the Freunde der TUM e.V. for
ideological and financial support in conducting our research.
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POSTER 1:

Starting from the kick-off weekend in November
2022, we initially wanted to develop pilot projects
on the subject of air pollution. After encountering
several practical difficulties with that, we recon-
sidered within the group and decided to focus on
the topic of sleep in combination with physical
activity instead. The intent of our group “Somno-
active” was to promote healthier sleep and to im-
prove the overall wellbeing of participants. There-
fore, we planned to create an easy-to-implement
daily routine by combining a short exercise with
scientifically proven measures to enhance stu-
dents’ sleep quality.

To get a deeper insight into the topic, we conduct-
ed thorough research on the subject of sleep and
adequate exercises as well as suitable tools for
data collection.
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POSTER 2:

After finishing our main research, we formulated a
research question and a hypothesis for our study
and defined a concrete study design.

Within four subgroups, it was our goal to advance
the study as effectively as possible: While one
team addressed the ethical aspects of our study,
another group worked on the planning and imple-
mentation of the daily exercise videos we wanted
to present to our participants. In addition, a third
team took care of the project marketing and ac-
quisition of participants and the last group dealt
with how the videos and surveys could be made
available to the participants.
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POSTER 3:

After our study was promoted successfully, all ex-
ercise videos were recorded and everything was
prepared, the project started on November 2,
2023, with students mainly from TUM - a first mile-
stone of our project was realized. We were able to
collect data throughout the 30-day-intervention
and during pre- and post-intervention periods of
one week each. We also started to evaluate the
data and gained a first insight into the results.

Besides that, we planned a trip to Kwame Nk-
rumah University of Science and Technology
(KNUST) in Kumasi/Ghana, a partner university of
TUM, to conduct the same study there.
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POSTER 4:

Right after a TUMJA weekend seminar in January
2024, five members of our team travelled to Ku-
masi/Ghana for one week to prepare and help with
the start of the study on site at KNUST. Besides
this scientific aspect, we were also able to meet
great personalities and to gain amazing insights
into the country, its culture and its customs — an
incredible and unique experience.

We continued with data evaluation, compiled the
most important results and finished the writing of
our research report.

During the final stage of the scholarship program,

we planned the presentation of our project at the
TUMJA symposium in June 2024.
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