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Abstract
Hospitalized patients were found to sleep significantly worse in the 
hospital than at home. The lack of quality sleep can cause serious 
health problems and affect patients’ health recovery. Music as a low-
cost sleep aid is a promising way to improve patients’ sleep. However, 
most available sleep music playlists are limited to generic, soothing 
songs. People’s personal preferences in relation to the effects of music 
are not well-considered and under-researched. Therefore, this project 
aims to explore how to design and deliver music that fits with patients’ 
sleep and music preferences with a profile-based personalization ap-
proach.

Literature research was first carried out to understand sleep knowl-
edge, how and why music aid sleep, practices in music therapy and 
profile-based personalization. Through generative research, people’s 
preference data was collected and lead to four sleep music profiles: 
explorer, diver, hunter, observer. A design direction was proposed 
based on insights from the research activities. In the design phase, 
two brainstorming sessions were carried out and resulted in a feasible 
system concept. After two iterations, the final design DREAMe was 
proposed. DREAMe is personalized music modular system, including 
profile generation and music delivery. The profile generation logic al-
lows the system to predict which profile users are based on a list of 
questions. Each profile comes with a sleep music module. To evaluate 
the music effects, sleep music samples were made under a summa-
rized music design guideline. The music melodies of users’ favourite 
music come from instrumental covers of the songs participants pro-
vided. The resources downloaded online were used fairly and only for 
this evaluation purpose.

In project evaluation, results suggest that the product and profile ex-
perience are logical, intuitive, and easy to use. The four profiles can 
reflect people’s preferences, but they may not be stable. An eight-day 
evaluation was conducted to test the music effects on sleep. DREAMe 
music was found to reduce sleep onset latency and improve sleep 
quality. People could fall asleep more easily and feel more relaxed af-
ter two days’ music listening. The music design delivers a relaxing, 
enjoyable and immersive music experience. 
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1.1. Problem definition

The sleep problem is a serious health problem. 
In the Netherlands, 22% of people over 12 suf-
fer from sleep disorders (Kerkhof, G. A., 2017). 
The recommended sleep duration of the National 
Sleep Foundation is seven to nine hours per night 
for adults between 18 and 64 years. However, 
more than one-third of adults do not get the rec-
ommended amount of sleep. 10 to 30% of adults 
struggle with insomnia. 2 to 9% of adults are af-
fected by obstructive sleep apnea (“Sleep by the 
Numbers | National Sleep Foundation,” 2021).

For hospitalized patients, sleep is even more im-
portant to maintain a healthy state for recovery. 
However, hospitalized patients struggle with the 
problem of lack of quality sleep. It was found that 
the total sleep time in the hospital was 83 min-
utes shorter than the usual sleep at home, and 
patients found it more difficult to fall asleep in 
the hospital (Wesselius et al., 2018).  

This problem also occured in the context of 
Reinier de Graaf Hospital. Patients at Reinier de 
Graaf Hospital were found to have shorter sleep 
duration, lower sleep quality, and lower sleep ef-
ficiency than at home (Yiling, 2020). 

Many existing sleep-promoting approaches aim 
to tackle sleep-disturbing factors like noise by 
providing earplugs, raising noise awareness, and 
changing nurses’ behaviours. Many of these ap-
proaches attempt to manage the adverse effects 
caused by sleep-disrupting factors. It is unde-
niable that patients’ sleep quality could be im-
proved if the negative effects were eliminated. 
From another perspective, delivering interven-
tions that can positively influence patients’ sleep 
experience is also a feasible direction for dealing 
with sleep issues. 

Music is considered a feasible and promising in-
tervention for delivering positive and direct ef-
fects on patients’ sleep. In music research, many 
studies were conducted to explore the effects of 
music on sleep. Music has been shown to have 
positive effects on patients sleep in different age 
groups. On the other hand, the music used in the 
sleep studies is mostly generic sleep music play-
lists without considering personal preferences. 
No one sleep music is suitable for everyone. 
People have different sleep habits and differ-
ent tastes in music. These personal factors can 
influence the effects of music on sleep promotion 
and the desirability of listening to it. 

Moreover, music therapy for sleep induction has 
high credibility and validated effects in solving 
sleep problems among the available music in-
terventions. Music therapy delivers sleep music 
to each patient’s specific sleep needs, and the 
music elements are selected under serious con-
sideration. However, music therapy has not been 
widely used to promote sleep because it depends 
much on the therapist’s credibility and is not flex-
ible enough to satisfy the needs of a larger num-
ber of patients’ groups. 

In conclusion, research and design that can 
accommodate both sleep and music preference 
are still underexplored. The main challenges 
remain: what are these personal preferences, and 
how to take individual preferences into account 
while designing music.
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1.2. Project scope

The project scope is illustrated in figure 1, and the 
key components include:

Project goal
This project's overarching objective is to improve 
the sleep experiences for patients at Reinier de 
Graaf hospital. The desired final effect is that 
patients fall asleep easier, with an improvement 
in sleep onset latency.

Target user and context:
Patients at Reinier de Graaf hospital are the 
target users. Patients' sleep conditions and 
sleep routines at the hospital are taken into 
consideration.

Sleep promoting approaches
There are many approaches in promoting sleep, 
in which music and sound interventions are 
considered the main design interventions within 
the project scope.

Personalization design approach
The personalization design approach is used as 
the primary design approach to deliver specific 
music to patients toward their sleep and music 
preferences.

Patients in general wards at 
Reinier de Graaf hospital

Sleep promoting 
approaches

Design 
approaches

Sleep quality

Sleep onset
 latency

Music 
intervention

Personalization
design

Figure 1. Project scope visualization

relaxation
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1.3. Project approach

Figure 2. An overview of the project approaches  

Figure 2 shows an overview of the project jour-
ney. Literature research was conducted to gain 
basic knowledge in the areas that fall within the 
design scope, sleep, music and personalization. 
The rest of the project followed the profile-based 
personalization approach, including preference 
data collection, sleep music profile creation, and 
integration of profiles into the personalization 
system. 

The generative research method was used to un-
derstand and collect personalized data contribut-
ing to four profiles and a design direction. Follow-
ing the design direction, a modular music delivery 
system was delivered based on profiles. After two 
design iterations, the final design was proposed. 
Finally, two iteration tests provided both quali-
tative and quantitative insights into product and 
music listening experiences.
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2.1. Basic sleep knowledge

In this section, basic sleep knowledge will be 
introduced. Understanding properties of sleep, 
individual differences, and how to determine a 
good night’s sleep is important for conducting the 
following design and research activities.

Scientific knowledge about sleep provides a 
foundation for developing a research-based 
sleep-enhancing design solution. It is helpful for 
user research to determine the scope of the re-
search, such as whether sleep routines should be 
considered. Scientific knowledge about sleep will 
also support approaches to sleep quality assess-
ment in the final phase of this project, in terms 
of what aspects of sleep should be assessed and 
what metrics determine good or poor sleep. 

Good sleep is vital
People spend a third of their lives sleeping. Most 
of us know the self-evident importance of a good 
night’s sleep. While sleep, diet and exercise all 
contribute to overall health, sleep is considered 
much more important than diet and exercise 
(Phillips, 2020).

Adequate good sleep plays a crucial role in a per-
son’s physical and mental health. A good night’s 
sleep helps us improve our cognitive thinking 
skills, such as decision making, problem-solving, 
and learning new things. On the other hand, lack 
of efficient sleep can cause many chronic health 
problems, impair the performance, or even affect 
brain function and emotional well-being (“Sleep 
Deprivation and Deficiency | NHLBI, NIH,” 2021). 

What influence our sleep quality?
Many people do not get proper rest at night. Ac-
cording to Phillips Global Sleep Health Survey, 
2020, half of the population is dissatisfied with 
their sleep (Phillips, 2020). Among all the factors 
that affect sleep, anxiety and stress are identified 
as the factor that most limits a good night’s rest. 
Thirty-three percent of people in this study said 
worry and stress have a bad effect on them.
  
In the 2021 survey results, nearly half (48% )
people said the epidemic COVID -19 had greatly 
affected their stress. 37% believed the epidem-
ic had negatively impacted their ability to sleep 
soundly. 
 
On a positive note, the adoption of techniques to 
improve sleep had increased since 2020. More 
and more people are turning to internet services 
and telemedicine for sleep problems. Strategies 
people are using to address their sleep problems 
include watching TV, reading, listening to sooth-
ing music, reducing coffee consumption, and us-
ing natural or organic sleep aids.

Figure 3. A bar chart about how people perceive the impor-
tance of sleep, diet, and exercise (Phillips, 2020) 
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Sleep characteristics 
The definition of the main sleep parameters and 
their relationship to sleep quality are summarised 
as follows.

Sleep quality and sleep health
Sleep quality means how well people sleep. Kline 
defined sleep quality as the satisfaction with the 
sleep experience, which includes aspects of sleep 
initiation, sleep maintenance, sleep quantity, and 
refreshment upon awakening (Kline C., 2013). 
Later, the concept of sleep health was defined 
by Buysse (see figure 4). Sleep health has six as-
pects: regularity, satisfaction, alertness, timing ef-
ficiency, and duration. Sleep health is very similar 
to sleep quality but take the sleep routine like reg-
ularity into consideration (Buysse, 2014).

The definition of sleep quality and sleep health 
indicates that sleep is influenced by factors in dif-
ferent sleep phases, including pre-sleep, during-
sleep, and post-sleep performance. Overall posi-
tive performance on all of these aspects indicates 
quality sleep. 

Sleep cycles
While humans sleep, the body goes through four 
phases called sleep cycles. Over the course of a 
night, the body goes through a new stage of sleep 
approximately every 90 minutes. Healthy sleep 

consists of a total of 4-5 complete sleep cycles.  
Each stage is different and serves different pur-
poses (“What are the Sleep Stages? | National 
Sleep Foundation”, 2021). 

Sleep duration 
Sleep duration refers to total sleep time in 24 
hours. Sleep duration is different for everyone, 
and there is no one number that is optimal for 
everyone. It is recommended that most people 
should stick to the recommended sleep duration 
depending on their age (Chaput et al., 2018)). For 
adults, 7-9 hours of sleep is good enough. Sleep-
ing too short or too long is strongly associated 
with health problems (Cappuccio et al., 2010). 

Sleep latency 
Sleep latency is defined as the time it takes peo-
ple to fall asleep. A sleep latency of 15 minutes 
indicates good quality sleep. 16 to 30 minutes is 
close to good quality. A sleep latency of 45-60 
minutes indicates poor sleep quality in all age 
groups except the elderly, and more than 60 min-
utes indicates poor sleep quality in all age groups 
(Ohayon et al., 2017).

Sleep efficiency
Sleep efficiency is the percentage of time spent in 
bed that is spent falling asleep. It is calculated by 
dividing the time spent in sleep by the total time 
spent in bed. It indicates how long people stay in 
bed trying to fall asleep. Across all age groups, a 
sleep efficiency of ≥85% was judged as an ap-
propriate indicator of good sleep quality (Ohayon 
et al., 2017).

Figure 4. Sleep health includes six aspects: regularity, satisfac-
tion, alertness, timing, efficiency, and duration (Buysse, 2014)

SLEEP 
HEALTH

Alertness Timing

Satisfaction

Regularity Duration
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Sleep quality measurement  
 
In order to evaluate sleep quality, it is necessary to 
understand the advantages and disadvantages of 
sleep measurement methods. 
 
Sleep measurement methods can be divided 
into objective methods (polysomnography, acti-
graphs) or subjective methods (questionnaires, 
sleep diaries). All methods have their advantages 
and disadvantages.
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Objective methods have a very high sensitivi-
ty, over 90%, but a low specificity. (Ibáñez, Silva 
& Cauli, 2018). Now many apps have the sleep 
measurement functions embedded. These sleep 
measurement apps can measure sleep quality 
with actigraphy. However, many commercial soft-
ware apps have not yet been validated for clinical 
use. Among these hardware and software prod-
ucts, Fitbit, the app watch, and the sleep cycle app 
have better accuracy than others (College of Ari-
zona Health Sciences, 2021). Objective methods 
are not used in this project due to the constraints 
in devices and participants requirements. The 
use of objective methods requires that all partic-
ipants wear the same devices. Due to the Covid 
situation, it is not possible to remotely recruit all 
participants wearing the same sleep monitoring 
devices.
 

Instead, subjective measurements are used in this 
project. Subjective methods have lower sensi-
tivity (73%-97.7%) than objective methods, but 
higher specificity (50%-96%) (Ibáñez, Silva & 
Cauli, 2018). This means that subjective meth-
ods can provide detailed information about which 
part of sleep is going wrong. Subjective methods 
also have the advantage of knowing the patient’s 
perception of sleep based on the qualitative re-
sponses in the diary, questionnaire or interview. 
This advantage is very important for a design 
research project such as this one. The results of 
detailed sleep patterns and scores alone cannot 
show which part of the design actually plays a 
role in influencing the sleep experience and how 
the design can be subsequently developed.
 
Among these subjective methods, the Pitts-
burgh Quality Sleep Index (PSQI) is a validat-
ed and accessible questionnaire-based method 
for assessing sleep quality from various as-
pects. The PSQI questionnaire consists of a se-
ries of questions about sleep-related behaviours. 
It includes seven components: subjective sleep 
quality, sleep latency, sleep duration, habitual 
sleep efficiency, sleep disturbances, use of sleep 
medication, and daily routine disturbances. The 
sum of the items can assess sleepers’ sleep qual-
ity (Buysse, Reynolds, Monk, Berman & Kupfer, 
1989). The questions are divided into different 
aspects, and researchers can also use only a part 
of them for sleep research without causing bias. 
Due to the project focus, questions in subjective 
sleep quality, sleep latency and sleep duration 
part is used.

Figure 5. Objective sleep measurement examples
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2.2. Patients’ sleep at the hospital

Various studies have shown that the sleep qual-
ity of patients in hospitals is worse than sleep at 
home. Both external and internal sleep-disturb-
ing factors have been discovered.
 
In hospitalized Canadian General Internal Medi-
cine patients, sleep quality is significantly worse 
than at home. Noise (59%), nursing interruptions 
(30%), uncomfortable mattresses (18%), bright 
lights (16%), new settings (14%), and discomfort 
were the most commonly cited causes of poor 
sleep (9% ) (Dobing et al., 2016).
 
A study in the Netherlands involving 39 hospitals 
and a total of 220 patients demonstrated a low 
sleep quality of patients in hospitals than at home 
(Wesselius, 2018). It was found that patients’ 
total sleep time in the hospital was 83 minutes 
shorter than normal sleep at home, and patients 
found it harder to fall asleep in the hospital. The 
sleep quality and duration of hospital patients 
are negatively affected by some hospital-re-
lated factors. Among all factors, environmental 
noise and pain are the most influential factors. 

Similar results were found at Reiner de Graaf Hos-
pital. A survey was conducted with 13 patients in 
the neurology department to measure the sleep 
quality of the patients (Yiling, 2020). The results 
show that patients also experience shorter sleep 
duration, poorer sleep quality, and lower sleep 
efficiency in the hospital than at home (figure 6). 
Noise was found to be the most threatening fac-
tor affecting patients’ sleep in the hospital.
 
A qualitative study of patients’ sleep experienc-
es found that both physical and psychological 
experiences affect patients’ sleep (Gellerstedt et 
al., 2014). Psychological factors such as nurses’ 
bedside manner, integrity, and commitment were 
reported to positively or negatively influence pa-
tients’ sleep. The physical factors found are similar 
to sleep-disturbing factors such as environmental 
noise, light, pain, the influence of medication and 
treatment, etc. 
 
From the study results, we can see that the sleep-
ing conditions in the hospital with many exter-
nal and unpredictable disturbing factors makes 
it difficult for patients to have a good night’s 
rest. The good thing is that many of these factors 
are modifiable, and introducing design interven-
tions can positively influence patients’ sleep qual-
ity.

Figure 6. A comparation of sleep at home and sleep at Renier 
de Graaf hospital (Yiling, 2020)
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2.3. Music as a sleep aid

Music effects for sleep 
Music has been proved to have positive effects 
on people's sleep, in support of subjective and 
objective-based sleep music studies.
 
The improvement measured by self-report 
questionnaires is established with healthy 
participants and patients from infants to the 
elderly. For example, a meta-analysis about the 
effects of music intervention on sleep quality of 
older adults showed that music interventions 
benefitted especially sleep latency, sleep duration, 
sleep efficiency, and sleep of daytime dysfunction 
(Wang et al., 2021). Another meta-analysis 
evaluates the efficacy of music-assisted relaxation 
for sleep quality in adults and elders with sleep 
complaints and found out that music-assisted 
relaxation had a moderate effect on patients' 
sleep quality (de Niet, Tiemens, Lendemeijer & 
Hutschemaekers, 2009). 
 
The objective effects of sleep quality have been 
considered more and more important in recent 
years as well. Chen et al. measured the effects 
of music on objective sleep quality.  One hour 
of listening to music after subjects went to bed 
significantly decreased the amount of stage N2 
sleep and increased deep SWS in a subgroup of 
participants with long sleep latencies. Another 
study shows that participants' subjective and 
objective sleep parameters were improved when 
listening to music before a nap (Cordi, Ackermann 
& Rasch, 2019).
 
However, not all sleep music study has positive 
effects. Lazic and Ogilvie (2007) found that 
delivering music for only one night has no positive 
impact on sleep quality. An extended usage 
might also increase the possibility of improving 
sleep quality (Dickson & Schubert, 2020). As 
summarized in a literature review: "music, in and 
of itself, may or may not improve sleep. If skillfully 
selected, and when music can be part of a protocol 
informed by music therapists, the likelihood of its 

contributing to sleep health will increase"(Loewy, 
J., 2020). This indicates that music can play a 
better role in promoting sleep when there is a 
rationale behind the music selection and delivery. 

The effects of music might be improved when 
the patients' needs are better considered when 
delivering the music. 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7 summarises factors that might influence 
how music affects sleep quality, such as level of 
musicality, personal preferences, exposure and 
familiarity with music, age, stress level, sleep 
routine, and habits (Loewy, J., 2020). Some 
of these factors, such as routine and habits, 
are stable, but stress levels can be unstable. 
Great variety can be observed in personal 
preferences regarding sleep and music, in 
contrast to the most commonly used soothing 
playlists for sleep. Individual differences in sleep 
habits and music experiences may explain why 
generic music playlists in sleep music studies do 
not always work for everyone.

Figure 7. Identified factors that might influence the effects of 
music on sleep
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As shown in figure 9, four themes about how 
people think music can help them fall asleep were 
defined in this study.

Provide: stimulate a secondary experience that 
facilitates sleep
Habit: listen to music as a habit or love to enjoy 
music before sleep
State: change to a sleep state
Distract: block sounds or a state of mind

The variety of responses reflects that music 
can play different roles to support people’s dif-
ferent and changing sleep needs and concerns. 
There is no one particular way in which mu-
sic can achieve the best effects. The impact of 
music largely depends on who is using the music, 
where they are using it, and whether the intention 
of music selection fits with people’s needs.

Music for sleep promotion in every-
dat life
A study conducted by Tabitha shows how peo-
ple use sleep music in their daily lives (Tabitha, 
2018). First, listening to music to aid sleep is a 
fairly common sleep-inducing strategy for people 
of all ages. From the survey results, 62% of the 
651 respondents have listened to music at least 
once to help them fall asleep. However, not many 
people listen to music every day. About 1 in 3 
people use music at least once a week, with only 
4.22% of respondents listening to music every 
day. This might indicate that listening to music is 
not a daily sleep routine for most people. It was 
also found out that music users were younger, 
more stressed, and had poorer sleep quality and 
efficiency than those who did not listen to music. 
It is also believed that sleep quality deteriorates 
when the age of stress increases, but no music 
is used. 

As can be seen in figure 8, the music that is con-
sidered effective for sleep includes 14 musical 
genres and 545 artists. This wide range of music 
selection suggests that generic playlists for fall-
ing asleep without considering people’s per-
sonal preferences may not be enough. Sleep 
music need not be limited to certain types of slow 
classical music, which is often selected by re-
searchers in sleep music studies. A wide variety 
of music can be used as effective sleep music.

Figure 8. Music genres people think effective as sleep music 
(Tabitha, 2018)

Figure 9. Themes from the survey about how people think 
music can aid their sleep  (Tabitha, 2018)
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Figure 10. Music can aid sleep in six different ways  (Dickson 
& Schubert, 2019)

How music aids sleep?
In order to use music effectively, it is important to 
understand the functional role of music in promot-
ing sleep. As shown in figure 10, music supports 
sleep in several ways:  relaxation, distraction, en-
trainment, masking, and enjoyment. (Dickson & 
Schubert, 2019).  

 
 

The effects of music are not completely indepen-
dent of each other. It is suggested that relaxation 
may be a mediator for the other effects. The re-
laxation effect can be achieved through enjoy-
ment or distraction. Compared to the other ef-
fects, the masking effect is somewhat different 
because it depends on the user’s environment. If 
the environment is quiet, the masking effect may 
not have the desired effect. The way music sup-
ports sleep shows how music can play different 
roles in the design solutions in order to achieve 
certain effects. It is a reasonable assumption that 
the different effects may be achieved by a differ-
ent type of music.

Relaxing sleep music features
Literature research about the general 
characteristics of music that can prompt sleep 
was conducted.
  

According to College of Cumbria psychologist 
Dave Elliot, the most calming music had 
these qualities, "90 beats per minute, a 
4/4 time signature, piano and  strings, 
and narrow note sequences where notes  
move from low to high" ("This Music Is Designed  
to Help You Relax and Sleep," 2021).  Tan et al. 
(2012) suggest that music for falling asleep should 
have the following characteristics: a tempo of 
about 60 beats per minute (bpm), pitches around 
C5, a tonal centre, small dynamic changes in the 
music, and simple rhythms. Wei-Chun Wang 
study of college students' preference for sleep 
music found that perceived levels of relaxation 
and calm increased as tempo, dynamics, and 
rhythmic complexity decreased. However, the 
mode effect (major vs minor) was not significant 
for students' perceptions of pleasantness (Wang, 
W. C., 2014). Dickson and Schubert examined the 
characteristics of music reported by 161 students 
as successfully promoting sleep. The features 
included "(a)their main frequency register was 
in the middle frequency range; (b)their tempo 
was medium; (c)their articulation was legato; (d) 
they were in the major mode; and (e)lyrics were 
present."(Dickson & Schubert, 2020). 
 
It can be concluded that relaxing music is usually 
related to features like, slow tempo, simple 
rhythm, and medium frequency level. 
 
On the other hand, a recent study by Hernandez-
Ruiz suggests that a single change in musical 
elements does not produce a significant difference 
in psychophysiological measures of relaxation 
but may work if all elements together have a 
"relaxing" effect. "Musical features on their own 
seem insufficient to alter psychophysiological 
responses in a predictable way." (Hernandez-
Ruiz, 2020). 

This result suggests that sleep music should 
be designed and evaluated as a whole, with 
consideration of relaxing music elements.
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What is music therapy?
Music therapy is a health profession that uses mu-
sic and its many elements to help patients achieve 
and maintain optimal health. Music therapy has 
been shown to improve patients’ cognitive, mo-
tor, emotional, and social development and qual-
ity of life. Interacting with music in a therapeutic 
way helps patients achieve their health goals.  

Music therapy is used in various context, like 
medical and cancer clinics, schools, drug and al-
cohol rehabilitation centers, psychiatric hospitals 
and prisons. Music therapy can also be used for 
all ages and different types of illnesses (“Physical 
Medicine & Rehabilitation, Chang Gung Memorial 
Hospital, Taipei.”, 2021).

 
Music therapy is a clinical and evidence approach 
for delivering music.  It is necessary that music 
therapy is used with a clear intention for achiev-
ing specific healthcare goals. Also, a professional 
music therapist is crucial for delivering the right 
music to satisfy the patients’ needs. They are 
usually trained with specific music educational 
programs. 

Music therapy approaches
In literature, there are several approaches to use 
music as a therapeutic tool to promote health, 
including environment music therapy (EMT), a 
music characterization system, and music-based 
sleep protocol.

EMT environment music therapy
Environment music therapy (EMT) is a music in-
tervention approach that takes patients, caregiv-
ers, and staff’s mental and physical needs into 
consideration (Canga et al., 2012). It has a pos-
itive effect on reducing the stress level and the 
noise perception of patients and caregivers. EMT 
usually takes place in real places in hospital wait-
ing rooms. Music therapists deliver live music, and 
they will gradually change the music according to 
an observation of people’s reactions.  

Music characterization system
This music characterization music assists a music 
prescription process proposed by Rossetti (Ros-
setti, 2014), aiming to understand and deliver 
music programs by understanding patients’ mu-
sical preferences. They choose “prescribed mu-
sic” to show a selection of music in line with the 
“prescribe” definition. The music elements need 
to be carefully consideration and selected after 
examinations.
 
An assessment of the patient is a starting point 
of the prescription process. The therapist will first 
get to know the patients’ psychological state, 
sleep history, preference of music, and cultural 
aspects. After this, patients’ preferred music ele-
ments will be analysis. Fiannly, music intervention 
is delivered.
  
The music characterization system includes 12 
musical elements and 4 non-musical elements 
(see figure 12).  Values can be given to each el-
ement to gain an overview of the characteristics 
of the given music piece. In the music delivery 
phases, music therapists will deliver the music 

2.4. Music therapy: achieve individual health goals

Figure 11. A music therapy session at the hospital
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according to the state of the patient. Patients are 
expected to change to the desired state while in-
teracting with the delivered music.

The sleep problem, as one of the music influencial 
health problems can also be targeted using music 
therapy. Music therapy for solving sleep problems 
with an evidence approach offers a feasible direc-
tion for how recorded music can be designed and 
selected for better effect. 

Music based sleep protocal
In a literautre review of music as an intervention 
to promote sleep, a music-based sleep protocol is 
proposed (Loewy, 2020). This protocol provides 
guidance on how to better use music as a sleep 
aid. 

The first step is an analysis of patients’ sleep. The 
sleep analysis includes an understanding of the 
following information:

• Previous sleep history
• Anxiety level to influence the ability to relax
• The duration of the music intervention must 

take into account the time for the sleep cycle, 
the depth and quality of sleep before and after 
the intervention

Then, the therapist can select the music accord-
ing to the sleep analysis results.  In terms of sleep 
music selection, it is suggested that the patient’s 
music can be programmed to change speed, 
rhythm and intensity in response to the patient’s 
presentation. By changing the basic components 
of the music, the sequence of the music can be 
designed to achieve progressive deactivation. 

A music therapist is recommended to be invovled 
in the process to make better decisions in music 
selection as clinical input.  

Learning points 
It is noted that these approaches have common 
requirements for designing, selecting and deliv-
ering music. First, the general characteristics of 
the music and personal preferences must be 
considered. Second, the musical elements can 
be modified according to the patient’s situa-
tion.
  
Music therapy has a great advantage as a person-
alized approach. However, it is less flexible and 
not efficient in meeting the sleep needs of a larg-
er number of patients. A qualified music therapist 
needs to be trained to understand the sleep needs 
of patients and then play music at the patient’s 
bedside to support sleep. We can still learn from 
these approaches and requirements to achieve 
validated effects and address the needs of each 
individual patient.
 
The limitation of music therapy is undeniable, es-
pecially for patients who want to improve their 
sleep rather than solve the servers’ sleep prob-
lems. The lack of flexibility is also why music ther-
apy is not used with every patient in the hospital.

    
      Tessitura

      Intensity

      Dynamic range

      Tempo

      Harmonic simplicity/complexity

      Apparent volume

      Rhythmic simplicity/complexity

      Melodic contour

      Timbre

      Structure

      Predictability

    

      
Perceived emotional content

      General descriptors

      Predominant musical metaphors

      Predominant metaphors

Non-musical elements

Individual musical elements

Figure 12. musical elements and 4 non-musical elements in 
the music characterization system (Rossetti, 2014))
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2.5. Existing sleep music products

Figure 13. Desk research about  existing sleep-promoting products with sound interventions
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There are many sound-based sleep solutions on 
the consumer market in the form of an app, pil-
low, soundbox, headband, or even a mask. A desk 
review of existing sleep-promoting products was 
conducted (see  figures 13&14). Figure 13 illus-
trates the sound-related intervention included in 
these products and the research-based reasons 
behind the design of these sound interventions. 
All information was obtained from the products’ 
websites.

 
From the table, we can conclude that these popu-
lar sleep-promoting products usually put music 
intervention as a secondary focus. Music is gen-
erally considered an extended function compared 
to sleep measurement functions, or combined as 
a secondary function with vibration, meditation 
sounds, or physical relaxation. All of these ap-
proaches are put together to help people relieve 
stress and fall asleep more easily. Compared to 
other products, the Sound+sleep Soundbox is the 
only one that uses sounds as the primary inter-
vention. It offers various white noises and natural 
sounds for people to choose from. It is also dis-
covered that although the personalized approach 

is widely used on popular streaming services 
such as YouTube, Netflix, and Spotify, personal-
ized sleep music developed based on scientific 
research has not been applied to these sleep 
products. 

Another interesting fact is that almost all prod-
ucts have invited musicians to compose music 
and sounds. Both Headspace and Sleep Cycle 
promote their sleep music with the help of their 
composers. This shows that sound designers are 
important for developing high-quality sleep mu-
sic applications. However, it might be difficult for 
users and researchers to evaluate music effects. 
Different composers’ skills and personal pref-
erences could also influence the music effects. 
 
None of these products is intended for pa-
tients. They are usually used at home. There-
fore, these applications are equipped with a 
variety of features to meet the different needs 
of consumers. In this project, when develop-
ing products for the hospital, it is important 
to remember that patients should not be dis-
turbed with too many functions that might 
require too many cognitive effects at night.

Figure 14. An overview of the researched sleep-promoting products on the consumer market
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2.6. Personalization and profiling 

As mentioned earlier, generic soothing sleep mu-
sic playlists are not enough, leading to the need 
for more personalized music. There are sever-
al challenges in personalizing sleep music. The 
first one is to understand people’s preferences 
and sleep-related behaviours. The other is how 
to provide relevant content based on personal 
information. To solve these challenges, profiling 
for personalization is a feasible approach. A user 
profile can be used to describe groups of people 
based on known facts or data. Personalization al-
lows a system to identify a user as a specific type 
and deliver appropriate content and functionality

Personalization 
There are at least 22 different definitions of per-
sonalization. They indicate different research 
methods and implementations (Fan & Poole, 
2006). In this project context, “the process of 
providing relevant content based on individual 
user preferences or behaviours” is an applicable 
definition of personalization. More specifically, the 
personalization of sleep music can provide rele-
vant music content based on individual user pref-
erences or behaviours. 

Customization is a concept very similar to per-
sonalization. The main difference is how much 
freedom is given to the user. Personalization 
is passive: users are given content, experienc-
es, and features by developers that fit with the 
predication of user preference profile. In contrast, 
customization allows users to create their own 
experiences to meet their specific needs. The per-
sonalization approach is chosen because relying 
too much on the customization approach will im-
pose high interaction costs on users, which does 
not match the capabilities of the target audience 
(“Customization vs. Personalization in the User 
Experience”, 2021).

User profile and persona 
Profile and persona are similar terms that both try 
to explain similar characteristics of a group of peo-
ple. However, they differ in many aspects, such as 
the creation process, usage, and utility. Persona 
is a methodology proposed by Cooper for design 
processes (Cooper, A., 1999). He defined perso-
nas as “an accurate description of our users and 
what they want to achieve.” Personas represent 
a group of people with common characteristics. 
Personas are used in the design process to help 
designers make better assumptions about target 
users, communicate better at work, and focus on 
specific audiences (Friess, E., 2012).

User profiling is more numerical than personas. It 
usually includes demographic data such as gen-
der, age groups, or behavioural characteristics 
such as the type of interaction (Kelders, S. M., 
& Kip, H., 2019). The profiling approach is more 
relevant to personalization in this context, as it 
can help researchers categorize users into differ-
ent segments through a user-centred approach. 
Moreover, designers can tailor design solutions 
to the different needs and concerns of the target 
groups (Schrauwen, 2021). 

There are no specifications about what kind of 
data should be used for profiling. The only thing 
is that the information included in the user pro-
file is highly dependent on the application and the 
purpose of the system. Personalization based on 
general characteristics can sometimes be more 
successful than creating more detailed and nu-
anced profiles (Customization vs. Personaliza-
tion in the User Experience, 2016).
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Profile-based personalization 
Profiling users is a way to understand users’ 
preferences in a simplified way. There are differ-
ent approaches for profiling depending on which 
type of data is collected and the final goal. Figure 
15 presents a comprehensive and iterative profil-
ing process for personalization (El Allioui, Y., & El 
Beqqali, O., 2012). 

The first stage for building a profile is data collec-
tion. There are two defined ways to collect user 
data: through explicit or implicit models. The ex-
plicit model relies on users to input information, 
and motivation is required to get them to do this 
manual process. In the implicit model, information 
is collected in a “silent” manner. The system col-
lects data in the backend without disturbing us-
ers.

The second stage is called initialization. In this 
stage, profiles are initialized in three different 
manners depending on who is involved: the us-

ers and the system. The initialization process 
only involves users are like letting users filling a 
questionnaire about themselves, and the system 
will use that information without processing it at 
all. In contrast, the system creates users’ profiles 
from a set of stored data if it is “by system only”. 
For a combination of the two, designers will ex-
tract useful content from users’ input for the sys-
tem to create a profile. 

In the third stage, the profile will be integrated 
into the personalization system. User profiles are 
primarily integrated into personalization systems 
by providing them with visual components and 
guiding them through the customizing process.

Update of the profile iteratively is the final stage.  
Both human feedback and the system can aid in 
collecting the data for the update.

Regarding the project’s scope, the main focus 
should be on the information collection, initializa-
tion, and integration stages.

Figure 15. An overview of the profile-based personalization process (El Allioui, Y., & El Beqqali, O., 2012).
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Learning from various approaches
Desk research about the existing profiling ap-
proach from literature and projects were conduct-
ed. The insights from these examples will support 
the profile creation process in chapters 3 and 4.

1. Creating profiles with a small amount of 
qualitative data
The first example comes from a study that looks at 
how users’ personalities and characteristics affect 
their needs and interactions with the music infor-
mation retrieval system (Kelders, van Zyl & Lud-
den, 2020). Although the researcher stated this 
process as creating “personas”, these “personas” 
are seen as profiles under the profile definition of 
this research project. The data is collected from 
user interviews and observation of user sessions. 
Researchers record 77 user behaviours and use 
the card sorting method to organize and name 
similar behaviours to the group. Then, two di-
mensions are identified to express the differences 
among the user groups organized by their com-
mon behaviours: “companionship (willingness to 
engage in social aspects of music recommenda-
tion and listening: social neutral-private) and in-
vestment (willingness to invest time/effort to in-
teract with the system: positive-neutral-none).  In 
total, seven representative personas with special 
traits and users’ attitudes are created. Since the 
results come from a relatively small sample, more 
data collection is still needed to validate the pro-
files.

Key points:
Based on qualitative data  
Data tag: Individual music listening habits 
Two dimensions: companionship + investment 
Collecting small sample qualitative data from 
interviews
Analysis method: card sorting method

2. Profiling with quantitative data
The second example shows how qualitative data 
is used for profiling. The study focuses on captur-
ing users’ attitudes towards healthcare services 
and then segmenting subgroups by analyzing 
people’s quotes (Jasper, 2021). The profiling aims 
to tailor suitable solutions towards specific target 
groups. 

The grounded theory analysis translates users’ 
quotes to codes, concepts, categories and theo-
ries for profile creation.  In each category, three 
attitude profiles are created (see figure 16). Since 
data come from a qualitative approach, each at-
titude profile includes descriptions, quotes, and 
traits. Designers and researchers can also see the 
proportion of each user type to target their design 
solutions more effectively.

Key points:
Based on qualitative data 
Data tag: Attitude towards e-health
Gathering data through a large number of inter-
views
Analysis method: the ground theory analysis

Figure 16. Three user profiles which describes people’s dif-
ferent attitudes  towards e-health (Jasper, 2021)
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3. Profiling with quantitative data
The third example is a research project about 
profiling patients’ behaviours for e-health prod-
ucts (Schrauwen, 2021). A top-down approach is 
used for creating in-depth profiles. The purpose 
of profiling is to study and change certain users’ 
product usage behaviours. Therefore, the project 
starts with collecting product usage data. Four 
profiles are created based on the usage frequency 
and adherent level (see figure 17). 

Data is collected over several months. Due to this 
large amount of data, only a selection of data is 
used for building the profile model. Information 
for each profile includes the demographics like 
age, gender and health data from patients docu-
mented by the product (see figure 18). 

From profile results, designers and researchers 
can get lots of insights into each segmented user 
group’s typical behaviour patterns.  Even though 
the profiles are created on quantitative data, qual-
itative information by further interviewing is still 
important for designers to understand the reason 
behind the behaviour patterns.

Key points: 
Based on quantitative data  
Data come from an extensive database collect-
ed by an  e-health product 
Data tag: A usage behaviour pattern 
Two dimensions: usage frequency & adherent 
level.

Learning points from the above examples:
• Depending on the research purpose and du-

ration, there are different ways to collect data, 
from semi-structured interviews to observa-
tions to technology-based data collection.

• Researchers need to select the data type that 
is most suitable for profiling because the data 
collection process usually ends up with a large 
amount of relevant data.

• Profiling, especially the first profiling step, 
usually focuses on one or two dimensions of 
the same type of data. Otherwise, it is too dif-
ficult to conceptualize the data into straight-
forward and representative profiles.

I will use these insights in the profile creation 
phase in the project to support the selection of 
relevant preference data and the steps of the pro-
file creation process.

Figure 17. Four profiles are created from quantitive usage 
data of 261 users (Schrauwen, 2021)

Figure 18. Detailed information in each profile, including de-
mographic details and mean measurement values (Schrau-

wen, 2021)
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Generative research on 
sleep & music preferences
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3.1. Context research at Reinier de Graaf    

Context research was conducted with the help 
of a nurse and under the permission of the hos-
pital managers. A project brief was designed for 
recruiting nurses (see appendix B). The context 
research was a three-hour context observation 
during a night shift at Reinier de Graaf Hospital. 
The aim is to understand patients’ sleep environ-
ment, general sleep routines, and patient interac-
tions in general wards. A basic understanding of 
the context and target users help to keep the con-
textual factors in mind and develop empathy with 
users. Insights from context research will help to 
understand the environmental requirements and 
constraints for the music design interventions. 

During the nighttime, patients can be more vul-
nerable than usual, so the field research should 
have as little influence on patients’ as possible. 
Therefore, during the night shift, the researcher 
walked together with a nurse while she was work-
ing as usual. The nurse first introduced the project 
information to the patients with Dutch and then 
worked as usual. A nurses’ uniform is also worn to 
prevent patients from feeling unsafe when seeing 
unfamiliar people. After the field research, visual 
documentation (see figure 19) is made to record 
the context and patients sleep conditions.

Figure 19. Visual documentation of the context observation during a typical night shift at Reinier de Graaf Hospital
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Patients’ sleep environment
There are two types of rooms for patients in Rein-
ier de Graaf hospital. The first and most common 
one is the four-bedded room, where four patients 
share one room (see figure 20). There is a curtain 
next to each bed to separate patients from others.  
Another type is private rooms (see figure 21). Pa-
tients use a private space, equipped with a bath-
room, a desk, a storage place and a TV. Patients 
in private rooms usually have more severe health 
problems than patients in shared rooms, and 
they need nurses’ support for daily life activities.  
Television with headphones is equipped for each 
patient on the top of their beds.  They can watch 
TV hearing sounds by wearing headphones with-
out disturbing each other. The TV is quite far from 
the bed and is controlled by a console near the 
patient’s bed. While the sound from TV is unlikely 
to be a sleep-disturbing factor, the light of it might 

influence other patients when the light goes off 
after 10 o’clock. However, patients in four bed-
rooms who are next to each other can also listen 
to the sounds from each other clearly.

Nurses’ night shift routine
These are the activities included in a nurse night 
shift routine, around 8 pm to 10 pm each night 
before the lights on the corridor go off. A nurse is 
usually responsible for 6-8 patients. For patients 
who don’t need a health check or taking medicine 
at night, this is the time when they say goodnight 
to nurses.
  
1. The nurses will first check the patient’s health 
status and ask how the patient is feeling today. 
At the same time, they enter patients’ health data 
into the computer.
  
2. Nurses usually have small talks with the pa-
tient during and after the health check.
 
3. Nurses need to help some patients to take to 
insert medications.  
 
4. Nurses will bring patients with necessities 
(food, water) from the food storage place. 
 
5. Nurse help the patient with cleaning if the pa-
tient cannot manage to do it independently.
 
6. Patients and nurses say good night to each 
other. Nurses will help with closing the TV or the 
door after asking patients.

Patients’ before bed activities
Through observation of six patients, different be-
fore-bed activities were found. These activities 
include: watching phones or laptops, listening to 
uplifting music from a laptop, closing eyes and al-
most falling asleep, watching tv or doing nothing. 
During the observation, only one patient watched 
TV, but the nurse said watching tv and looking 
at the phone were the most common before bed 
activities for patients. It is also quite common for 
the elderly to watching videos on the phone be-
fore bed.
  

Figure 21. A picture of the private room at Reinier de Graaf 
hospital

Figure 20. A picture of the four-bedded room at Reinier de 
Graaf hospital
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No direct interaction between patients is ob-
served in the four-bedded room. The main reason 
is that there are only two patients in that room, 
and one of them seems to be very sleepy at that 
time. . 

Even though I didn’t enter any other four-bed-
ded room, laughter and talkings from another 
four-bedded room were noticed when passing by. 
According to what the nurse said, there is more 
interaction among patients in the four-bedded 
room during the day. Patients talk to each oth-
er friendly and often motivate each other. There 
are fewer talkings during the nighttime because 
patients don’t want to disturb others who sleep 
earlier.   

Patients’ needs
As shown in the visual documentation (figure 19), 
patients have different health conditions, mental 
states and the capability of interactions.
 
Patient B wanted to distract herself from her neg-
ative thoughts because she felt sad, lonely, and 
unsafe without her family’s company at night. 
The desired experience for her might be to en-
gage in an activity that she finds enjoyable before 
bed. An active and engaging interaction can help 
her forget about the negative thoughts.
  
Patient C had just had surgery during the day and 
wanted to feel relaxed and relieved his pain. Due 
to his health state, he had low capability and mo-
tivation for interaction. 
 
Patient D couldn’t handle the daily life issues and 
need support from nurses. No intervention or a 
gentle intervention might be delivered based on 
an observation of her sleep performance.
 
It can be seen that patients have very different 
sleep needs due to their health conditions and 
mental states. To satisfy these various needs, the 
design of music intervention should be flexible 
and easy to use. Patients’ cognitive and physical 
abilities also vary widely, which should be taken 
into consideration while designing.

The role of caregivers (nurses)
The role of caregivers is found to be important in 
the patients’ sleep routines.  Nurses play an es-
sential role in providing emotional and practical 
support during the night. Nurses understand the 
needs of the patients well by talking to them on a 
regular basis. They might also play a role in deliv-
ering music in general wards. For example, nurses 
might suggest to patients that they can listen to 
our music before going to bed.
 
However, what cannot be overlooked is that nurs-
es are very busy taking care of the patient on a 
night shift. They need to walk around, check pa-
tients health and provide necessities for them 
whenever they need. If the design intervention 
involves nurses as one part of the experiences, it 
should not burden nurses’ regular workload.
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3.2. Ask about sleep & music preference

The exploratory interview aims to understand 
what questions we should ask to get an in-
timate image of a people’s sleep music pref-
erence. This is an exploration activity as a pilot 
for generative research. Three participants were 
interviewed. The feedback and insights about 
these questions will be input in generative re-
search. The interview question list includes a 
wide range of questions about the relationship 
with music, music usage for relaxation, favourite 
music, sound in everyday life and sleep-related 
behaviours (see appendix C). 

Main insights are concluded as follows:
To understand people’s music preferences, we 
should ask specific questions instead of gener-
ic ones. For example, “In general, what types of 
music do you like” will lead to the same general 
answers like “relaxing music”.  In contrast, if par-
ticipants are suggested to talk about their three 
favourite and least favourite music and describe 
the reason behind. Participants’ responses to 
these specific questions tend to be rich, informa-
tive, leading to a better understanding of individ-
uals’ intimate preferences. 

Providing people with a music listening con-
text is evocative. Encourage people to talk about 
music by asking, “What do you usually listen to at 
different moments of your day” is a good starting 
point. This question is closely related to people’s 
daily music listening experiences. They can easily 
recall their recent memories about music listening 
and talk with researchers in a storytelling way.

The sequence of the questions also matters. 
Some questions that need time for reflection ( 
e.g., the relationship with music) should be put 
after the easy and intuitive questions (e.g., the 
music listening frequency).   

Finally, the importance of understanding the 
relationship between sleep and music prefer-
encess should not be overlooked. The figure 
above (figure 22) shows an interview we mainly 
talked about music. Without building a link be-
tween music listening and sleep preferences, it 
can be difficult to see how we can use music as a 
sleep aid.

Figure 22. The flow chart that documents the questions and answers of one explorative interview
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3.3. Generative research through a preference diary

Objective
The main research objective is to understand 
participants’ sleep and music preferences in an 
evocative way and later extract valid qualitative 
data as profile input.

Method 
The generative design research method is used 
for this activity. The knowledge, like people’s in-
timate preference, needs time for immersion and 
reflection. Some people are less aware of their 
preferences. A generative design approach can 
sensitise people and evoke them to express their 
needs and preferences (Sanders & Stappers, 
2013). As shown in figure 23, compared with in-
terviewing or observation, the advantage of this 
method is that it provides tacit and latent knowl-
edge through what people make. 

A toolkit is usually needed for this type of re-
search. Among all toolkit types, a dairy toolkit is 
decided to be used. A toolkit in the form of a diary 
can spread activities or tasks over several days. 
People can have enough time to immerse them-
selves. Enough information can be gained with-
out burdening participants with too much work-

load. A semi-structured interview is followed 
after participants finish the diaries.

Participants
Considering non-patients also have sleep and 
music preferences and the project’s time con-
straints, only healthy people were recruited. 
There are 14 participants in total in two sepa-
rate groups. Group 1 has six participants who are 
nurses, managers and specialists from Reinier de 
Graaf Hospital. Group 2 has eight laypeople as 
participants. Participants’ demographic details 
are shown in figures 24 and 25. Due to the avail-
ability of healthcare professionals, only laypeople 
were interviewed after finishing the diaries.

Gender
Age
Profession
Nationality

Gender

Profession

Nationality

Figure 25: Demographics details of recruited participants in group 2 for generative research 

Figure 24: Demographics details of recruited participants in group 1 for generative research

Dutch

Chinese Chinese Chinese Chinese Chinese Chinese ChineseKorean

Dutch Dutch Dutch Dutch Dutch

Figure 23: Different methods helps designers to understand 
the knowledge about people in different layers. A generative 

session can reveal what people know, how they feel and 
what their dreams are (Sanders & Stappers, 2013)

professional professional professional professional professional professional
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Procedure
Group 1 procedure:
1. The way to introduce the toolkit is as important 
as the design of it (Sanders & Stappers, 2013). 
The first step was to introduce the tasks and pur-
pose of the research activities in an online zoom 
session to health professionals who were not 
familiar with creative design sessions. Figure 27 
shows two of the presentation slides on the zoom 
session.
2. Physical books were delivered to participants 
with daily reminders via WhatsApp around 8:00 
am with filled examples as inspiration. The filled 
examples can be seen in appendix G.
3. Diaries results were collected via WhatsApp 
messages  

Group 2 procedure:
1. Participants chose a digital or a physical diary.
2. Participants were asked to complete the diary 
in five days and were introduced to the tasks.
3. After they finished it, they contacted the re-
searcher for a 30-minute interview.
4. The 30-minute semi-structured interview was 
conducted with a list of questions. The goal is to 
evoke participants to talk about their needs for 
sleep and music.

Material design
Diary as both prototype and sensitizing material 
is designed (see figure 26). As a prototype, the 
goal is to evaluate whether the questions and 
answers in the diary can be used to understand 
patients’ sleep and music preferences for pro-
filing. As a sensitizing material for interviews, it 
lets people immerse themselves in past sleep and 
sound experiences.
 
Based on the question list from the exploratory 
interviews, a new list of questions is designed. 
The questions are selected and reframed accord-
ing to the feedback from the design students (see 
appendix D). These questions are used to create 
the first version of the diary (see appendix E). Lat-
er on, an iteration was conducted based on four 
pilot tests with students and researchers. They 
confirmed the content and form to ensure no mis-
conceptions and everything was as simple as pos-
sible. Finally, the physical diaries were printed and 
delivered to the participants (Figure 26). Since not 
all the participants can receive the physical diary, 
a digital one was created in Miroboard, which had 
the same content. 

Figure 26. Printed booklets with stickers and envelopes Figure 27. Two of the slides for introducing the diary booklet to 
participants online
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Sounds & sleep diary content
Sounds and sleep are very personal experiences. 
We have different perceptions of similar sounds 
and different strategies for better sleep. Combin-
ing personal preferences of sounds with sleep 
habits, we may identify opportunities for sounds 
in sleep. 

The diary is divided into three parts: “sleep be-
haviour and rituals”, “sounds and sleep,” and 
“music persona” (see figure 28). The diary will 
move from sleep preference questions to music 
preference questions. Based on the explorative 
interview insights, questions that are easy to an-
swer are put in the beginning part and questions 
that need time to reflect on are put afterwards. 

Topic 1: Sleep behaviours and rituals
Topic 1 on day 1&2 is about sleep routines. Sleep 

preferences and sleep habits are the foundation for 
music implementation. It allows designers and re-
searchers to know how music can aid them to fall 
asleep in their desired way.

On day 1, participants make a timeline to describe 
their activities before sleep and their feelings and 
thoughts towards those activities  (see figure 
29). This part aims to reveal people’s sleep hab-
its. The storyline is used to evoke people’s memo-
ries (Sanders & Stappers, 2013). The sentence on 
the left corner suggests participants use provided 
stickers to express feelings. Stickers with emojis 
are used because it can be difficult for some par-
ticipants to describe feelings. It also makes the ex-
ercise more engaging and interactive. Since there 
might be some cultural differences towards the 
meanings of emojis, participants write down the 
feelings in words next to emojis.

Figure 29. The activity on day one is describing sleep rituals in a timeline

Figure 28: The diary covers three topics from sleep to music throughout five day
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On day 2, the activity is about naming specific 
tricks and threats for better sleep and the underly-
ing reasons (see figure 30). Listening to music be-
fore bed as a habit or aid is not a sleep routine for 
most people. To look for music and sounds design 
opportunities, the first step is to know people’s 
current sleep aids that reflect their sleep prefer-
ences. The sounds and music could be a better 
and healthier substitute for these aids. Similarly, 
examining personal threats to sleep helps us un-
derstand what we should avoid for better, more 
personalized sleep.

Topic 2: Sounds and sleep
Topic 2 aims to understand the relationship be-
tween sounds and personal sleep experiences. 

On day 3, participants are asked to pay more 
attention to sounds before bed (see figure 31). 
As this activity can evoke positive or negative 
memories, the second part is about recalling 
sound memories. This exercise is based on the 
assumption that people have different prefer-
ences (positive and negative) for sounds during 
sleep. A sound that is helpful to one person may 
be disturbing to another. Recognizing that people 
perceive sounds differently may help to provide 
appropriate music. This activity could also assist 
participants in developing a greater awareness 
of sounds and learning more sound vocabulary, 
which will be helpful for the activities later on. It is 
known from the pilot tests that it can be difficult 
for people with no musical experience to describe 
sounds, so a speech bubble is added to stimulate 
expression.

Figure 30. The activity on day two is providing tricks and threats for better sleep

Figure 31. The activity on day three is to listen to sounds before bed and recall memories with good and bad sounds
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On day 4, participants are asked to imagine a 
dreamscape perfect for them and draw a holistic 
picture of this environment (figure 32). In this way, 
a visible relationship between sleep preference 
and sounds will be established. One assumption 
is that music may help people fall asleep because 
it creates the desired sleep environment with 
sounds. Having users draw or stick emojis makes 
the activity interactive and increases the likeli-
hood that they will express themselves personal-
ly. Richer information about personal preferences 
can be discovered. The “see, hear, feel” questions 
are asked first to stimulates the imagination.

Topic 3: Music persona
The final topic on day 5 is sound persona: what 
kind of music or soundscape they like or dislike 
(see figure 33). The definition of sound persona 
here is a personal preference for certain musical 
elements. Participants are asked to write down 
two of their favourite and least favourite music, 
with an explanation of what music aspects affect 
their choices. The preference towards musical el-
ements (both liked and disliked) brings a closer 
understanding of individual differences in music 
preferences. 

Figure 32. The activity on day four describes the perfect personal dreamscape.

Figure 33. The activity on day five is introducing the two favourite and least favourite music.
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3.4. Generative research results

In this part, the results of the qualitative research 
from diaries and interviews will be presented as 
a whole. 

Sounds for sleep 
Based on the input of the diary “Sounds as aids 
and threats” and interview scripts, people’s pref-
erences towards sounds for sleep were identified 
(see figure 34). The findings will be used as inspi-
ration and requirements for sound design.

Sound as aids
As shown in figure 34, sounds that people per-
ceive as sleep aids include nature sounds, animal 
sounds, sedative music, and silence. Because the 
feelings and types of sounds vary widely, we can 
assume that this also reflects people’s individual 

needs for how music can aid their sleep.

These sounds can evoke safe, relaxed, and pos-
itive feelings. It seems that these feelings are all 
associated with a low emotional arousal state.  
Some people prefer silence because it makes 
them feel safe. Others enjoy listening to music 
and enjoy being in a place where they feel con-
tent and calm. 

The research involves a relatively small number 
of people, so the sound clusters can not cover 
all possible sounds as sleep aids. However, the 
results are valuable as sources of inspiration for 
the sound design part of the design phase. In ad-
dition, the final design should evoke similar feel-
ings.

Figure 34. The sounds that people believe can help them fall asleep and the feeling evoked by these sounds
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Sounds as threats
Sounds that people perceive as sleep include: 
sounds from people around, inappropriate music 
and object noise(see figure 35). These sounds can 
cause negative feelings such as anger and agita-
tion. The similar characteristics of these sounds 
are unpleasant and unpredictable. Most of these 
sounds can be perceived as noise and are not 
pleasant to listen to. The angry feeling could be 
evoked when listeners cannot control the sounds 
themselves. People also feel alarmed and alert by 
the sounds which they perceive as warnings. The 
results suggest that appropriate sounds for sleep 
should be pleasant to listen to, bring listeners a 
sense of autonomy and avoid sounds that resem-
ble alarm sounds.

General requirements of sounds as 
a sleep aid
According to the results of the interview analy-
sis, the general requirements for sleep-promoting 
sounds are both predictable and flexible.

Predictable
Sounds should be predictable and controllable 
for the listener. The predictability of sounds is im-
portant to avoid evoking negative emotions and 
giving the listener the feeling of autonomy.

 ➡ “I prefer a quiet environment because I feel like I 
am in control.” 

 ➡ “If I know when the noise is going to stop, I feel 
less anxious.”

Flexible
Sounds should also be flexible enough to ac-
commodate people’s sleep conditions and sleep 
needs. For example, different sleep conditions 
may require different sounds. People usually pre-
fer silence when the environment is too noisy. 
When it is too quiet, people tend to prefer subtle 
sounds. Preferred sounds may also be different 
for the same person under different situations. 
Some participants said they used music to help 
them fall asleep when they were awake till late, 
but when they felt tired, they preferred silence.

Figure 35. The sounds that people perceive as threats for sleep and the feelings evoked by these sounds
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Locations in the desired dreamscape
The types of dreamscapes do not vary much. 
Dreamscapes are mainly holiday places like 
“beach”, “forest” and “lake” as well as “home”. It 
can be seen that familiarity increases from fanta-
sy places to holiday places to home.

Views in the desired dreamscape
What people want to “see” in their dreamscape 
are beautiful natural landscapes with a little dy-
namism. The dynamism comes from the fact that 
the dreamscape is usually not a still image but a 
dynamic environment for the participants. For ex-
ample, one participant described her dreamscape 
as follows: 

 ➡ “I could see the moon over the water and some deer 
in the meadow near the edge of a forest.” Similar-
ly, another participant described, I could see the 
sun going down, people celebrating summer on the 
beach around a fire and enjoying a cocktail.”

Desired dreamscape
All participants were asked to draw their dream-
scape in the diary and describe where they are, 
what they see and hear, and how they feel (see 
figure 36). The results about the dreamscape 
were analysed by clustering keywords. Through 
the analysis process, patterns are found. This part 
presents results about “view” and “location” be-
cause the “hear” and “feel” parts have very similar 
results as the “sound as aids” (see figure 37).

Figure 37. Clustering the keywords mentioned in participants’ dreamscape

Figure 36. Participants’ various dreamscapes
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Enjoyment
People seek enjoyment before sleep by engaging 
in simple physical or cognitive activities such as 
“breathing exercises,” “reading books,” “listening 
to music/radio,” and “playing Sudoku.” Some par-
ticipants enjoy recalling good memories from the 
past to feel satisfied and pleasant.

 ➡ “I want my dreamscape to be near the seaside, so I 
can hear ocean sounds...”

Away from reality
Being away from reality means being away from 
daily life problems and forgetting about their daily 
life concerns. People want to prepare their minds 
for sleep by having a clear mind.

 ➡ “Reading books helps empty my brain and thoughts 
... I forget the world, and my mind is well-prepared 
for sleep.”

Three sleep needs
Based on the results of the interview, ease, enjoy-
ment, and away from reality are identified as the 
three most essential sleep needs (see figure 38). 
They can be solved by the functional role of music, 
which includes distraction, entertainment, relax-
ation, enjoyment and masking (see chapter 2)..

Ease 
The need for ease means that people have no 
worries on their minds and are in a low emotion-
al state of arousal. It covers both physical com-
fort and mental ease. Physical comfort can be 
achieved through the entertainment function of 
music. Mental ease can be achieved through the 
distraction or enjoyment function of music.

 ➡ “I just want to empty my mind and avoid negative 
thoughts.” 

Figure 38. The three most important sleep needs: ease, enjoyment and away from reality
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or even predict people’s favourite music.

A functional role in life
Although music is liked by most people, it is not 
an important part of daily life for everyone. Some 
participants likeed certain music because music 
could help them achieve goals. The functional role 
of music can benefit people and also create posi-
tive feelings.

 ➡ “I like yoga music because it calms me down and 
makes me feel relaxed.”

 ➡ “With this classical music, I can concentrate better.”

 ➡ “It’s very relaxing, and I can feel the vibrations go-
ing through me. I feel uplifted, fulfilled.”

Being in a place you like
Music can have many positive effects on people. 
Apart from the direct effects on the physiological 
level, music can create a desired virtual environ-
ment for people. Seven participants explained the 
reason for their preference along these lines. One 
participant said that he likes natural soundscapes 
for sleeping because it makes him feel like he is 
outside in the mountains where he feels comfort-
able and can sleep peacefully.

 ➡ “It makes me feel at home, or somewhere I lived 
before. I feel very safe.” 

 ➡ “I feel like it takes me to a place that is far away 
and empty.”

 ➡ “It makes me feel like I am walking in a meadow. I 
feel open and free.” 

 ➡ “Meditation music makes me feel like I am in a 
peaceful and calm environment.” 

 ➡ “I like rock because it has a good atmosphere.” 

Sleep needs of patients
These three needs are further confirmed through 
an interview with the nurse working at Reinier de 
Graaf Hospital. Patients have similar sleep needs 
but might be due to different reasons.

Ease
Patients usually have many worries due to their 
health conditions and uncertainties towards the 
future. Some of them also suffer from pain. When 
they get rid of fears and feel physically relaxed, 
they are more likely to fall asleep better.

Enjoyment
Patients’ before bed activities reflect their need 
in seeking enjoyment. Many patients take their 
laptops or watch TV in the hospital to entertain 
themselves and feel more enjoyable.

Away from reality
Patients also feel the need to be away from re-
ality. However, it is more likely for patients that 
everything is back to normal in their dreamscape, 
and they are at home with their family instead of 
escaping daily life issues.

Music preference 
By letting people describe what aspects they like 
or dislike about their self-selected music ( in diary 
day 5), insights about music preference are dis-
covered.

Preference for sound features
The sound characteristics of music are part of the 
reasons why people like or dislike certain music. 
As one participant said, 

 ➡ “I like music with a relatively slow tempo, low pitch 
and low frequency.” 

Tone, tempo, rhythm, dynamics, complexity, and 
pitch were all the musical characteristics men-
tioned by participants. This indicates individual 
preferences for the sound itself and may explain 
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Relationship with music
There are different degrees of closeness in peo-
ple’s relationship with music. As shown in figure 
39, the relationship can be clustered into three 
levels of closeness. 

(1) High closeness
People with high closeness see music as an es-
sential part of their lives and listen to music al-
most every day.

 ➡ “Music is an essential part of my life. I can’t live 
without music.”

(2) Medium closeness
People with medium closeness usually regard 
music as their close friend. They listen to music 
quite often. Music can provide them with func-
tional support. 

 ➡ “Music is like a friend of mine who can help me 
out when I’m in trouble.” 

(3) Low closeness
People with low closeness see music only as a 
tool. They don’t listen to music regularly.

 ➡ “It’s nice to listen to some music, but it’s  okay if 
there is no music.”

3.5. Conclusion
The user research was conducted with the gen-
erative research method. A sleep and music pref-
erence diary was designed as a generative re-
search material and a prototype. The main results 
and findings include: 

Based on diary results, “sounds as sleep aids” 
and “sounds as sleep threats” were summarised. 
The general characteristics of sounds are con-
cluded based on interviews. Three general sleep 
needs: ease, enjoyment and away from reality, 
were identified through the clustering method. 
These needs are further confirmed to be appli-
cable for patients after an interview with a nurse 
working in Reinier de Graaf hospital
 
4. By letting participants describe what aspects 
they like or dislike about their top 2 favourite and 
least 2 favourite music, different elements were 
found in music preferences like musical features, 
the functional role of music,  what kind of envi-
ronment the music can create and the relation-
ship with music.

Figure 39. People’s relationship with music from low to high closeness
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4.1.  Profile creation process overview

Based on the learning points in profiling ap-
proaches research in chapter 2.6, the following 
profile creation process is defined (see figure 40).
It includes three steps: highlighting and orga-
nizing meaningful quotes from user research, 
creating preference tags representing per-
sonal preference, and finally defining two di-
mensions from the tags to create final profiles. 

Before creating the profiles, it isn’t easy to foresee 
what content should the profile include precisely. 
There are no specifications and guidelines for pro-
files creation as well. However, as mentioned in 
the literature review, the profile’s content should 
be highly related to the purpose. Therefore 
guidelines are designed first to direct the profile 
creation process based on the objective of per-
sonalization.  The tags that can create a profile fit 
with the guidelines should be chosen.

The created profiles should meet the following re-
quirements:

• Rather than focusing on presenting detailed 
elements of people’s preferences, the profile 
should be at an appropriate abstract level. In 
this way, the profile can divide people into dif-
ferent groups based on their preferences.

• Since both music and sleep preferences are 
not stable attributes, the profile can present at 
least some stable aspects, which can improve 
the reliability of the profile.

• The profile as a basis should be possible to be 
implemented in a personalization system.

Figure 40. An overview of the profile creation process in three steps

E.

F.

3. Music openness
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Select meaningful quotes
Meaningful quotes that reflect personal prefer-
ences were selected from the diary and interview 
results. Individual differences were highlighted 
for comparison. For example, some differences 
are clear conflicts. One participant wants to feel 
fulfilled before going to bed. The other wants to 
explore without a goal. Some differences involve 
different expressions of an attribute. For exam-
ple, it is important to do activities that require 
low cognitive effort before sleep, but some par-
ticipants enjoy doing activities that require more 
mental effort.

From the results, it was found that individual pref-
erences differ in many aspects. Therefore, all sleep 
and music preferences differences were collected 
and listed as tags (see figures 41&42).  

Sleep preference 

A. Sleep concerns
Sleep concerns refer to what kind of sleep prob-
lems people want to solve with music. These in-
clude removing negative thoughts, masking noise, 
and feeling relaxed.

B. External support
People also need different amounts of external 
support, from people with no sleep problem, who 
need little support,  to a need for sleep improve-
ment or sleep aids.

C. Relatedness
The prefered sounds reflect the level of related-
ness that people need. Some participants prefer 
silence because they want to feel alone. Others 
want to be accompanied by the voice of their 
family because it makes them feel safe when they 
sleep.

D. Sleep engagement
There is a wide range of activities that people 
engage in before sleep, such as going straight to 
sleep to reading books, watching videos, or play-
ing Sudoku. People’s sleep preferences differ in 
the level of engagement need for the activity they 
like to do before sleep. 

E. Established sleep routine
People’s sleep preferences also differ in terms of 
whether they have an established sleep routine. 
Some participants already have sleep playlists, 
have gotten into using earplugs or meditating be-
fore bed. They have tricks and develop them into 
a habit. The others only occasionally use music or 
meditation as a tool. This preference could affect 
their acceptance of using music.

F. Mood
According to the clusters of feelings in the dia-
ry results section, people prefer either a relaxed, 
safe, or positive mood.

4.2. Create preference tags

Figure 41. An overview of sleep preferences tags

A. Sleep concerns

B. External support

C. Relatedness

D. Sleep engagement

E. Established sleep routine

F. Mood

Sleep preference tags
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Selection of tags
To conclude, many tags can reflect people’s sleep 
or music preferences in different aspects. Ac-
cording to the guidelines described in the begin-
ning part of this chapter, sleep engagement in 
sleep preferences and music openness in music 
preferences are selected. 
 
Sleep engagement represents the way people 
want to fall asleep. Music openness indicates 
what kind of music should be delivered to us-
ers combined with their sleep preference. 
 
With only two tags, the richness of sleep and 
music preference found both in literature and 
user research cannot be fully represented. How-
ever, by building a profile foundation with the 
two tags at the most suitable abstract level, oth-
er preference tags can be included easily in the 
further development and update process. Sleep 
engagement and music openness can represent 
and simplify people’s preferences to better de-
velop profiles for personalization. At the same 
time, these two tags are not too abstract that 
lose the individual differences in sleep and music 
preferences. 

Music preference

1. Relationship with music 
As mentioned before, people have different close-
ness with music, from low, medium to high. The 
relationship with music affects the acceptance 
and affection towards using music as a sleep aid.

2. Instruments 
Some participants have a clear preference for cer-
tain instruments such as trumpet, piano and violin, 
but some people have no instrumental preference. 
There is no clear pattern found in the instrumen-
tal preferences. The prefered instrument sounds 
should better be designed as optional choices for 
users as a customization function.

3. Music openness 
People have varying degrees of openness to mu-
sic. Some participants are open to all types of mu-
sic genres and are interested in discovering new 
music, while the others limit their choices to sev-
eral music genres. For example, one participant 
with low music openness said, 

 ➡ “I update my music playlist very carefully. I 
add one or two new songs every year, and 
some music I like I have been listening to for 
more than ten years.”

 

1. Relationship with music

2. Instruments

3. Music openness

Music preference tags

Figure 42. An overview of music preferences tags
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As described in the last section, two dimensions 
for profile creation are chosen: sleep engagement 
and music openness. In this section, the definition 
of these two dimensions, the characteristics of the 
four profiles “ explorer”. “observer”, “hunter” and 
“diver” created from the two dimensions will be 
explained in detail.

Define sleep engagement
There is no shared understanding of engagement 
definition in different domains. Therefore, it is im-
portant to know how engagement is defined in 
a broader perspective before defining sleep en-
gagement. The current definition of engagement 
is context-specific. The descriptive words indi-
cate the given context, like patient engagement, 
work engagement, customer engagement, and 
health engagement. Engagement can be seen as 
a process (engage in) or a state (be engaged). It 
involves not only people but also their interaction 
with the outside environment. According to a re-
cent literature review (Kelders, van Zyl & Ludden, 
2020), despite the disputes, engagement in dif-
ferent fields can be seen as  “a multidimensional 
construct comprising behavioural, cognitive and 
affective components.” It means that engagement 
reflects the users’ behavioural pattern, for exam-
ple, their adherence to usage, which is usually 
how e-health interventions define engagement. 
It also includes how much attention is paid, how 
involved and enjoyable people feel. However, the 
specifications of the components vary in different 
domains, so it’s important to clarify what these 
components mean in the given content. This mul-
tidimensional attribute with a specified definition 
of each component is used for defining sleep en-
gagement.  
 
In sleep music profiles, sleep engagement re-
fers to the extent towards which an individual 
wants to be involved in an activity to aid their 
sleep. 

Figure 43 demonstrates how sleep engagement 
is defined, reflected on before-bed activities, and 
the differences between low and high sleep en-
gagement.
 
How people want to fall into sleep is reflected in 
their sleep routine and sleep aids.  What kind of 
sleep aid can help them fall asleep and why? From 
the diary research insights, we can see all sorts of 
sleep activities, from reading, meditation, playing 
games, and watching videos. When people can-
not fall asleep, they also have different approach-
es to aid their sleep. These before-bed activities 
can be divided into low and high engagement di-
mensions depending on the required efforts. Still, 
people should be in a low emotional arousal state 
and be at ease before sleep, which means they 
shouldn’t spend too much cognitive effort. How-
ever, there is a difference in the amount of effort 
they would like to spend. People’s level of sleep 
engagement could influence how they would like 
to be immersed in the listening experience. 

Low sleep engagement is defined as the ten-
dency of spending low amounts of attention and 
cognitive efforts on before-bed activities. Low en-
gagement activity includes:
 
- Listen to soft music
- Listen to white noise
- Do nothing before falling asleep.
- Read less interesting books
 
These activities have the characteristics of requir-
ing people to spend less attention on them. Users 
usually receive information passively, which caus-
es less cognitive effort and low emotional arous-
als. Therefore these activities also assist people in 
relaxation more than distraction.

4.3. Define two profile dimensions
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High sleep engagement is defined as the ten-
dency of spending a certain amount of attention 
and cognitive efforts on before-bed activities. 
High engagement sleep activities found in the re-
search include: 

- Watch streaming videos.
- Read detective books.
- Read articles
- Play simple games. 

These activities aid people’s sleep through dis-
traction. They have the characteristics that need 
people to pay more attention. A medium level of 
cognitive efforts and emotional arousals are re-
quired for doing these activities. Due to these 
characteristics, these activities assist people to 
distract more than relax. 

Figure 43. Sleep engagement dimension definition
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Define music openness 
According to user research regarding music pref-
erence, individuals’ music preference includes 
the relationship with music, type of instruments 
sounds, and how open they are towards new mu-
sic experiences. In the music dimension, openness 
is chosen to be the one that describes individual 
preferences. 

Before defining music openness, definitions of 
openness and some discussions related to music 
openness will be introduced first. 

In psychology, openness is one of the personal-
ity traits in the Five-Factor Model of the big five 
theory (see figure 44). Big five theory defines the 
five factors that can reveal people’s personalities: 
extraversion, agreeableness, openness to expe-
rience, conscientiousness, and neuroticism (Mc-
Crae, R. R., & John, O. P., 1992). 

These factors are related to specific qualities to 

describe individual differences in all aspects. 
Openness, one of the five personality traits, is still 
a broad construct and involves six facets: active 
imagination, aesthetic sensitivity, attentiveness to 
inner feelings, preference for variety, intellectual 
curiosity, and challenging authority. Each of them 
is significantly correlated with the other.  

Figure 45 presents the facets of low and high 
openness in the big five theory. People who score 
low on openness are considered to be closed to 
experience. They prefer routines and are more 
practical. They generally have a narrower range 
of interests. Facets of low openness include: 
“predictable,” “not very imaginative,” “dislikes 
change,” “prefer routine,” and “traditional.” People 
who score high on openness are more imagina-
tive and creative. They enjoy being spontaneous 
instead of having a traditional routine. Facets of 
openness include: “curious,” “imaginative,” “cre-
ative”, “open to trying new things”, and “Uncon-
ventional” (John, O. P., & Srivastava, S., 1999).

Figure 44. Five personality traits from the big five theory in 
psychology (McCrae, R. R., & John, O. P., 1992)

Figure 45. The facets of the low and high openness (John, O. 
P., & Srivastava, S., 1999)

Curious
Imaginative

Creative
Open to trying new things

Unconventional

High openness

Predictable
Not very imaginative

Dislikes change
Prefer routine

Traditional

Low openness
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rebellious” music preference. It was also found that 
chronic emotional states don’t have a strong effect 
on music preference. One possibility assumed by 
the researchers is that the existing personality di-
mension influences the general music preference.  
Emotional state influences what music individuals 
choose to listen to according in a shorter period. 
 
A recent study from Spotify also suggested the 
value of personality in music preferences. The rela-
tionship between personality traits and music lis-
tening behaviour is investigated to assist with ma-
chine learning (Anderson et al., 2020). Their work 
shows contrast with the previous meta-analysis 
based on self-reports that suggested personality 
traits don’t have a big influence on musical prefer-
ence. With the advantage in collecting streaming 

Similar to sleep engagement, there is no clear defi-
nition of music openness yet. However, the rela-
tionship between personality traits and musical 
preference has been studied over the past decade. 

The research from Rentfrow & Gosling examined 
individual differences in music preference, which 
lays a foundation for the relationship between 
music preference and personality. From the music 
preference of 3500 undergraduates, they found 
four music-preference dimensions: “reflective and 
complete”, “intense and rebellious”, “upbeat and 
conventional”, and “energetic and rhythmic”. The 
main finding is that preference towards these mu-
sic dimensions correlates with the personality di-
mensions. For example, openness to experience is 
related to “reflective and complex”, “intense and 

Figure 46. Music openness dimension definition
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Stability of the two dimensions

On an abstract level, the sleep engagement di-
mension tends to be unstable because sleep 
habits, routines, and habits are inevitably influ-
enced by many external factors, including noise, 
mood, the presence of sleep problems, etc. More 
specifically, bedtime engagement is also unsta-
ble. That’s why there is a need first to catego-
rize people’s sleep preferences abstractly while 
also taking a dynamic view, which will give us 
a more realistic and integrated understanding 
of users’ sleep preferences. Engagement is rela-
tively stable for people with regular sleep habits; 
for people with irregular sleep habits, the level of 
engagement is less stable. One night people may 
want to feel relaxed, and the next night they may 
want to be distracted.
 
Another dimension, the openness of music, is 
relatively stable. The main reason is that music 
openness is based on the definition of openness 
in personality traits. Although it takes on differ-
ent forms at different times, personality is rela-
tively stable throughout people’s lives, causing 
relatively stable music openness over a more 
extended period than sleep preferences. From a 
more macro perspective, openness was found to 
be higher in younger people than in older people. 
This suggests that openness might change in a 
more extended period as well.
 
In addition, a simple distinction between high 
and low in both dimensions has been made for 
building profiles for further personalization. In 
an actual situation, both dimensions would be a 
spectrum (see figure 47). 

Figure 47. Both sleep engagement and music openness is 
not stable and are on a contintious spectruam

music listening data, 5808 Spotify users partici-
pated in the 3-month study by listening to 17.6 
million songs. The findings from machine learn-
ing demonstrated that musical preferences and 
habitual listening behaviours could predict the 
big five personality traits with moderate to high 
accuracy. More specifically, Openness correlated 
positively with “all-time track discovery rate” and  
“genre entropy”. This finding means that users 
scoring high on openness are more receptive 
to exploring various music genres.
 
Music openness in the sleep music profile (see 
figure 46) refers to how open an individual is to-
wards new music experiences. The definition of 
music openness is very similar to the definition of 
openness in personality traits, but it is defined in 
the music listening context.
  
Individuals with low music openness have a con-
servative attitude towards new music preferenc-
es. Low music openness has two main aspects: 
one is a narrow preference in music types: they 
prefer only one or two kinds of music, another is 
they prefer listening to familiar music. 
 
In contrast, high music openness involves a gen-
eral preference in different kinds of musical ex-
periences. For example, people with high music 
openness usually like to listen to different music 
genres and will not limit themselves to classical 
music.  People with a high music openness en-
joy listening to and exploring new music. They 
are open to new and novel music, which can keep 
them engaged. Listening to the same playlist over 
and over again can easily make them feel bored. 

High

Open

Low

Closed

Sleep engagement

Music openness
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file’s characteristics, the corresponding illustration, 
and an overview of their sleep preferences, music 
preferences, and recommended sleep music char-
acteristics. In this section, the aspects of each pro-
file will be described in detail in turn.

Four sleep music profiles were designed and visu-
alized by combining the two dimensions: explorer, 
diver, observer, and hunter. In figure 48, these 
four typical profiles are located in each of the four 
quadrants of the axis. For each profile, the infor-
mation marked out includes the naming of the pro-

4.4. Four sleep music profiles

Figure 48. Four sleep music profiles and their traits

46MASTER THESIS



Diver profile

High sleep engagement + high music openness 

As we can see from figure 48, the diver profile is 
in the first quadrant. Divers like to focus on some 
external support before going to sleep. This often 
requires a certain amount of attention and cogni-
tive efforts, which can help them to shift their at-
tention. As stated in the explanation of high sleep 
engagement, these activities include but are not 
limited to: watching streaming videos, reading 
detective books, reading articles, playing simple 
games, etc. Divers enjoy doing activities that are 
less boring and more immersive than activities ob-
servers love. These activities can act as a way to 
help divers to distract their negative thoughts, so 
they can fall into sleep with more mental ease. It 
can also be just a habit for divers to feel less bored 
before sleep.

 ➡ “On ticktock or Weibo, it has everything and is quite 
random. I first watched a very boring one, but the 
next one might be very funny. I enjoy gaining this 
variety of information.”

Divers also have a different attitude towards new 
music experiences. They are very open and curious 
to listen to new music that they haven’t listened to 
before, which can arouse their interest and make 
them feel novel. This also means that they like a 
wide range of music types. 

 ➡ “It’s actually very difficult to find my favourite 
songs because I think I listen to everything.“

Conversely, they get bored relatively quick-
ly with music that they find familiar and are 
therefore reluctant to listen to it repeatedly. 

Sleep music for divers should, firstly, meet the 
need to listen to new music. Secondly, it should 
also have an attractive feature to help them shift 
attention and be engaged. 
It is assumed that novel and immersive sleep 
music is suitable for divers.

Explorer profile

Low sleep engagement + high music openness 

In general, the explorer wants to have a very re-
laxing sleep routine. Before going to bed, they pre-
fer activities that help them relax and require little 
attention and thinking. Low engagement might 
come from listening to soft music, white noise, do-
ing nothing before sleep and reading less attrac-
tive books. 

 ➡ “I enjoy listening to calming sounds or only silence 
at night so that I can be with myself and fall asleep 
easily. If I read interesting novels before bed, I will 
be too excited.”

Explorers, as the name suggests, like to explore 
different types of music. 

 ➡ “ My favourite music changes quite often. In gener-
al, I enjoy listening to pop songs which are dancy 
and rhythmic.” 

Relaxing and novel music is assumed to be suit-
able for explorers’ sleep music preference.

Observer profile

Low sleep engagement + low music openness 
 
The observer is located in the third quadrant. They 
also enjoy having a very relaxing sleep routine as 
explorers do. 

 ➡ “I like reading nonfiction books because it is quite 
boring. After 10 mins, I’ll feel sleepy already be-
cause it doesn’t attract my attention at all.”

Concerning music, observers are more reserved 
in their attitude towards new musical experienc-
es. They prefer to listen to music they are famil-
iar with, and their favourite genres are single and 
narrow. For example, they only accept one or two 
genres of music, and they can have negative feel-
ings when they hear other types of music.
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 ➡ “Usually, I only listen to meditation music, heal-
ing music, which is very calm and without lyrics. 
Some melodies from the old songs are also nice, but 
I cannot accept most songs with lyrics. They sound 
annoying.”

The sleep music should be designed to aid the ob-
server in relaxation before going to sleep subtly. 
The content of the music should be familiar, as the 
observer’s preference for music is very narrow, 
with a conservative attitude towards new music. 
In this regard, it is reasonable to assume that using 
familiar music in sleep music for observers would 
open up and increase the possibility that the deliv-
ered sleep music fits with observers’ preferences.

In summary, sleep music for observers should be 
calming and relaxing and use a musical melody fa-
miliar to the user to increase predictability. 
Relaxing and predictable sleep music is consid-
ered suitable for observers.

Hunter profile

High sleep engagement + low music openness 

The hunter is in the fourth quadrant of the chart, 
with high sleep engagement and low music open-
ness. They prefer to do activities that attract their 
attention and are interesting for them. 

The combination of high sleep engagement and 
low music openness brings about a slightly differ-
ent musical aspiration than the two above. Hunter 
wants to hear familiar music. 

 ➡ “I like pure instrumental music like piano and cello 
music. The pitch of the sound should also be in the 
middle, so not too high or too low.”

Delivered music needs to capture hunters’ atten-
tion and help them become deeply immersed in 
the music. Music will play similar effects as the 
preferred activities described by divers. 

 ➡ “Reading helps me fall asleep because it takes some 
space from my brain. Your mind has to process some-
thing. At the same time, my brain isn’t too active.”

Therefore, immersive and predictable music is 
assumed to be suitable for hunters’ sleep music 
preference.

 

4.5. Conclusion
This chapter introduces how the four profiles were 
created based on the qualitative data from diary 
research. Two dimensions: sleep engagement and 
music openness, were chosen from the personal 
preferences tags first. Then clear definitions for 
both dimensions were introduced with support 
with literature. Finally, four sleep music profiles 
are designed: diver, explorer, observer, and hunt-
er. The four profiles can represent people’s sleep 
and music preferences. Assumptions about what 
types of music are suitable for each profile were 
made based on the profile traits. These profiles will 
be the foundation for the design of a personalized 
music experience. 

According to previous market research, there are 
no products that offer personalized music design 
based on a profile of sleep and music preferenc-
es, so the design of music based on the profiles 
are important for validating the profiles. Combin-
ing music and profiles will allow for more accurate 
verification of these assumptions. 
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CHAPTER OVERVIEW
5.1.  Design direction
5.2. Ideation process
5.3. Personalized modular music system

Chapter 5
From research to design
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The project goal is to improve the sleep experiences 
for patients at Reinier de Graaf hospital using 
music as the primary way of intervention. The de-
sired effects (relaxation before sleep) and the main 
approach (personalization) are included. Based on 
the generative research and context research in-
sights, a design direction is defined with design 
goal, interaction quality and design guidelines.

Design goal
The design goal is to provide patients with per-
sonalized nighttime sonic environments based 
on their profiles and help them immerse in their 
dreamscape to feel more relaxed before sleep.

Interaction vision
The interaction with the design should feel like a 
child having their favourite story read to them 
by their parents.

In this interaction, children are delighted because 
they know that this story is their favourite one. 
They feel guided when their parents help them 
choose and read the stories to them. With the fa-
miliar voices of their parents, they feel safe enough 
and immerse themselves in the imaginative world 

5.1. Design direction

of stories. Finally, they fall asleep feeling happy 
and ease.

Interaction quality  
Relaxing: The tailored music listening experience 
is relaxing.

Enjoyable: Users feel enjoyable while listening the 
music.

Immersive: Users feel they are away from reality 
and be immersed in the personalized sonic envi-
ronment.  

Design guidelines
The design guidelines are defined based on all 
previous research activities from user research, 
contextual research, literature review and design 
directions. The design guidelines will be used to 
select the ideas in the ideation phase and will be 
included in the final design evaluation plan. Differ-
ent priorities are defined as follows:

Must (First priority)
1. The delivered sonic environment must be per-
sonalized and immersive.

Should (Second priority)
The project usage experience and profile creation 
process should be easy and intuitive. 

Could (Third priority)
Enable customizable functions: The tailored ex-
perience is customizable and controllable for users. 

Inclusiveness: cater for different patients’ capabil-
ity

Figure 49. A picture that represents the desired effects of the 
final design interaction
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5.2. Ideation process

The set design goal, vision, and design guidelines 
bring the following design questions:

1. How can patients create their profiles in an 
easy and intuitive way?
2. How to design music and sound elements for 
an immersive experience?
3. How to create personalized music based on 
patients’ profiles?

After two brainstorming sessions using the “how-
to” and “crazy eight” method (“Share and engage 
with the Design Sprint Community”, 2021), I came 
up with as many ideas as I could to answer the 
design questions (see figure 50).  Multiple ideas 
that can answer these design questions and fit 
with the design specifications were selected and 
combined into an initial concept, which will be in-
troduced in the next part.

Figure 50. An overview of the two brainstorming sessions

“CRAZY EIGHT” SESSION

“HOW TO” SESSION
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An initial visualization of how patients can create their profiles is shown in figure 52. Users begin by 
answering questions to help the system understand who they are. There are questions about sleeping 
and music preferences, and different profiles are generated based on their answers. 

5.3. Personalized modular music system

System outline
The outline of a personalized modular sleep music system is visualized in figure 51. The procedure starts 
with profile creation as user input. Then, the system maps users’ data based on an algorithm to deliver a 
personalized sound experience.

Profile creation process
Design question 1: How can patients create their profiles in an easy and intuitive way?

1. Which one is your biggest sleep concern?

A.

B.

C.

D.
Negative 
thoughts

Noise

Physical 
discomfort

I only listen to 
one or two 

types of music.

No 
concern

2. Which acitivty help you to relax before sleep?

3. Which one is ture for you?

5. Listen to your personalized soundscape

4. What’s your favourite music recently?

Input the MUSIC 
name here

I like to explore 
different music

Easy & intuitive data input
 System algorithm 

Data mapping
 Sound experience design 
Personalized & immersive experience

Figure 51. The system outline from data input to data mapping and sound as data output

Figure 52. The initial concept about how patients can create their profile in an easy and intuitive way

52MASTER THESIS



In the brainstorm session, different ideas about 
how to create an immersive sound experience 
came up. The idea of designing the music in a 
three-phase structure was finally chosen, using 
the power of music to take participants to their 
dreamscape step by step.
 
The sound experience design idea is first inspired 
by the play phases: exploration, functional play, 
variation and integration (Gielen, M., 2020). It 
is an interaction design theory to help people 
be engaged and interact with the design. 
Since listening to music can also be seen as an 
interaction with an external 'object'. The main 
difference is that we use another sense to interact. 
That's why this theory is also considered to be 
applicable in the sound design context.  Similar to 
the play phases, the phases in the music structure 
design involve the attraction phase, immersion 
phase, and entrainment phase. Then the following 
design question popped up is how to achieve 
these interaction effects using music.
 
As mentioned before, music has different 
functions in aiding people's sleep: entrainment, 

Music experience design structure
Design question 2: How to design music and sound elements for an immersive experience?

Figure 53. The initial concept of music experience design in three phases, using different functional roles of music

relaxation, distraction, enjoyment, and masking.  
These functional roles of music fit well with the 
effects that I want to achieve in the three phases. 
Therefore I came up with the idea of applying 
the different functional roles of music for these 
three interaction phases to achieve desired 
music effects. Based on these thoughts, the 
initial sound experience design idea is visualized 
in figure 53. 
 
In the first phase, immersion, the user's favourite 
music is played to grab their attention and keep 
them engaged.
 
Different kinds of environmental sounds are 
put together to create a sonic environment in 
the second phase, the immersion phase. It aims 
to help people to be immersed in this sonic 
environment and be away from reality.
 
Finally, in the entrainment phase, the music 
tempo will slow down to help people feel more 
relaxed and slow their heartbeats through the 
music entertainment effect. 
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Modular music system logic
Design question 3: How to create personalized music based on patients’ profiles?

Figure 54. Four music modules with different sound layers following the same structure are designed to satisfy different needs 
of each profile
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Music modules design

In the profile creation phase, I defined four profiles: 
diver, explorer, observer, and hunter. Each profile 
has different sleep music features that fit with their 
sleep and music preferences. Based on the sound 
experience design structure, the main question 
is how to deliver personalized sounds that fit the 
profile’s sleep and music preferences (engagement 
and openness) and are suitable for sleep. 
 
Different ideas from changing the sound con-
tent, the whole music structure, processing the 
music with different parameters came up. The 
idea chosen was to change the content of the 
sounds layers under the same music structure.  
Figure 54 presents the link between the differenti-
ated music modules and users’ profiles.
 
In the attraction phases, freestyle music is offered 
for high openness profiles like divers and explorers 
to satisfy their music needs for exploring and lis-
tening to novel and less familiar music. In contrast, 
favourite music is delivered for creating a familiar 
feeling for low openness profiles. When coming 
into the second phase, the volume of the music 
becomes lower. The combination of music melo-
dy and environmental sounds will gradually bring 
participants to their dreamscape. 
 
In the immersion phase, high engagement profiles 
listen to immersive environmental sounds, includ-
ing a human action sound layer, like the footsteps 
on the beach, which is considered to have the feel-
ing of immersion. Low-engagement profiles will 
listen to less immersive sounds without the human 
action sounds layer.
 
The sound experience design structure and the 
modular music system will be tested through pro-
totyping and an iterative test in the next section.
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CHAPTER OVERVIEW
6.1. Detailing profile generation logic
6.2. Iterating profile generation logic 
6.3. Detailing sleep music modules
6.4. Prototyping and iterating sleep music modules

Chapter 6
Detailing the profile logic 
and music modules
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6.1. Detailing profile generation logic

In chapter 5, the basic profile generation structure 
was defined. The main goal of the detailing phase 
is to develop this structure into a profile test. This 
involves the selection of profile questions, answers 
and the design of logic pathways towards four 
profiles.

Due to the project time limitation, it is not realis-
tic to design a well-validated questionnaire like 
the personality test questionnaire. However, using 
generative research results as the primary ques-
tionnaire input and iterate on the questions with 
a small sample test can improve the reliability of 
questions within the given limit. 

The profile creation process should be imple-
mentable and straightforward, so multiple-choice 
questions were used instead of open questions 
(like in the diary). Since four profiles were created 
based on sleep engagement and music openness 
dimensions, a logical way of designing pathways 
of profile logic is to use a list of questions to define 
these two dimensions separately. The following 
questions and answers were chosen:

Sleep engagement: What activities do people 
do as a sleep routine and a sleep aid?
 
Q1: In a regular sleep routine, you will. . . to fall into 
sleep better.
 
Q2. It’s midnight, but you are still awake. Which 
one aids you sleep better?
 
Sleep engagement is defined as how much cog-
nitive effects people want to spend on the before 
bed activity. “Watch streaming videos, read detec-
tive books, read articles, play simple games” are 
high engagement ones. “Listen to soft music, lis-
ten to white noise, do nothing before sleep, read 
less interesting books” are low engagement ones. 

However, it is considered that reading books and 
listening to audible books can be both high or 
low engagement depending on the people’s un-
derstanding. Therefore, the second question as 
validation is added. People who want to listen 
to ambient sound instead of being immersed in 
another world are labelled as low engagement, 
vice versa.

Music openness: How open are people to-
wards new music experiences?

Q3. Music for me is.

This question is asked to understand people’s 
acceptance of music, not influencing the profile 
results. The reason for having this question is be-
cause some participants might have no interest 
in music. With the option of knowing people’s re-
lationship with music, we could understand their 
acceptance of sleep music, which can be used 
as extra information for delivering personalized 
music.

 
Q4. Do you like to explore new music?

 
Q5. Please select the music genres you are inter-
ested in. 

 
The openness towards music is more obvious 
than sleep engagement.  Q4 and Q5 are de-
signed to understand users’ music openness by 
asking directly and letting them choose the mu-
sic genres they like. The answers to these two 
questions will determine whether the users have 
a high or low sleep engagement.

The profile generation logic is presented in 
a flow chart (see figure 55). Colour codings 
are used to indicate how these answers are 
mapped into different profile tags.
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Figure 55. The flow chart of the profile generation logic
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6.2. Iterating profile generation logic 

Test setup
Research objective
After the creation of profile logic, a small sample 
iteration test was conducted. The main research 
objective is to test the profile creation logic and 
experiences to explore profile iteration opportu-
nities.
  
The research questions include:
1. How do participants experience the process 
of creating the profile by answers the questions? 
2. Does the generated profiles fit with their pref-
erences?

Test method and procedure
An online iteration test was conducted with a 
google form. Profile creation interfaces were 
first designed based on the previously designed 
profile creation logic (see figure 56). Then, these 
interfaces pictures were embedded in a google 
form (see figure 58).  A full version can be seen 
in appendix J. Google forms were used to collect 
responses and still present the interfaces to test 
the profile experience. 

Participants did the test remotely by answering 
the profile questions in the google form. After 
participants filled the form, they received their 
profile through a message and described how 
they thought about the profile creation experi-
ence and how they thought the profile fit with 
their preferences. If participants generally think 
the provided profile fits their preference, the pro-
file logic was considered reliable.

Participants
In total, five participants were invited remotely 
for this iterative test. Their demographic details 
are shown in figure 57. 

Figure 56. An overview of interfaces used in the profile gener-
ation iterative test

Figure 57. Demographic details of participants in the profile 
iteration test

4

Participa
nt

1 2 3 4 5

Gender Female Female Female Female Male

Age 24 24 23 25 20

Professi
on

Student Student Student Student Student

Nationali
ty

China China China China ChinaChinese Chinese Chinese Chinese Chinese
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google form. The interaction would be more intu-
itive and more realistic if the design is presented 
in an app.  

 ➡  “It will be more intuitive if it’s in a real app set-
ting.”

Therefore, creating an interactive app prototype 
for facilitating a better user experience is an im-
portant next step.

Provide feedback 
Give feedback about which profile the partic-
ipant belongs to immediately after data input is 
necessary. Google form logic can not support the 
proposed profile generation logic, so the profiles 
were sent to participants a manual analysis of 
their responses in google forms. For participants, 
this experience was not intuitive and motivating 
enough. Participants would prefer to receive in-
stant feedback after doing the test within the 
same program. Revealing the generated profiles 
right after users answer the questions can bring 
them a sense of accomplishment and make per-
sonalization more transparent. 

Questions and answers design 
Different from designing the physical diary, the 
questions and answers in the digital profile cre-
ation need to be as simple and direct as possi-
ble. Whether the questions are evocative is not 
the priority. For example, the last question, “if 
you could only take one piece of music with you 
to outer space, which one will you choose”, was 
asked to evoke people to think about their favou-
rite music in an interesting way. However, one 
participant provided space music instead of the 
music he liked most. This suggests that the pro-
file questions and answers need to be direct and 
using language that is understandable for people 
with different backgrounds. 

Apart from this, the answers should be designed 
to cover more possibilities. One participant 
thought her relationship with music was in be-
tween “no interest” and “a tool”, so there was no 
option suitable for her.  

Easy and meaningful experience
lf participants agreed that the profile fit with their 
sleep music preferences well and was convincing. 
The complexity level of the profile test was rel-
atively low because profile questions were easy 
to understand, and the number of questions was 
suitable. Participants thought the profile creation 
experience was meaningful because the infor-
mation would be used in further music person-
alization. Supported by the system design, users’ 
choices in the profile creation process have a di-
rect influence on the music they will receive.

 ➡ “I’ve done a test about music preference before, but 
they just give me random results, and no recom-
mendation of music is provided as well.”

Test platform
The google form was used because it is efficient 
to document participants’ responses and show 
the app interfaces. However, it was found that 
participants had different expectations of expe-
riences on different platforms. Intuitiveness, ease 
of use, and aesthetics are important for a profile 
test on an app. However, they prefer an efficient 
experience (e.g., only short text without visuals) 
when taking the profile test on a google form. In 
the current design, while visuals and aesthetics 
have been well considered, it does not meet the 
expectations of participants when filling out a 

Figure 58. A screenshot of the google form that partici-
pants use in the profile iterative test
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kHZ
Module A1 (Loop music)
3min favourite music *2
Volume: 3min (medium + 3min (low)
Frequency <18.2HZ
Tempo: 107 BPM  Duration: 6min

Module M1 (Ocean theme)
Ocean waves 3min
Volume: low  Tempo:107BPM  Duration:3min

Module M2 (Ocean theme)
Ocean waves 3min
Birds sounds 20/60secs *3
Footsteps on beach 40/60secs *3
Volume: low  Tempo:107BPM  Duration:3min 

Low sleep engagement

High sleep engagement
Module A2 (Freestyle music)
1.5min music A + 1.5min B + 3min C
Volume: 3min (mediumŉ  + 3min (low)
Frequency <18.2HZ
Tempo: 107 BPM  Duration: 6min

Module E
Ocean waves
Volume: medium Tempo:107-75BPM  
Duration:3min*X 

ATTRACTION PHASE IMMERSION PHASE ENTRAINMENT PHASE

)

High music openness

Low music openness

kHZ

6.3. Detailing sleep music modules

Chapter 5 proposes the modular logic of music 
design for each profile. However, these modules 
are still somewhat abstract for designing and 
composing music. In order to regulate the music 
modules and facilitate their integration into the 
music system, the detailed settings for each mod-
ule need to be specified in advance. In the litera-
ture section, we have talked about the research 
on the functions of relaxation music that has been 
conducted by many researchers. These findings 
from the literature are used to regulate the music 
modules. Figure 59 shows more detailed music 
modules with specific music functions ready for 
prototyping music.

Time setting
As for the duration, the feasible solution is to de-
sign each small section for 3 minutes since the 
average duration of songs is about 3 minutes. 
Due to the convenience of the modular design of 
music, each module can be looped for a longer 
duration if needed. To simplify the module at this 
stage, we first design the modules without con-

sidering looping. 

Phase 1: Attraction phase 3min

Through self-experimentation, I have found that 
the attraction effects can be achieved quite easily, 
and there is no need to keep letting listeners be 
attracted for a long time. On the other hand, the 
entrainment effects take time. Therefore, I decided 
to use the structure “3 minutes of attraction 
duration + 3 minutes of immersion + 3*X minutes 
of entertainment”. Based upon the research in-
sights, following requirments and setting are 
used for music modules: Tempo ≈ 107BPM, 
main frequency register ≈ 1822 (Dickson, G. T., & 
Schubert, E., 2020)

Phase 2: Immersion phase  3min

Melody + environmental white noise + nature 
sounds + human movement sounds.
It is decided to use environmental sounds and mu-
sic melody to create an immersive feeling. There 

Figure 59. Detailed sleep music modules with specific sound content , duration, tempo, volumn, and frequency
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are two types of environmental sounds modules. 

Module M1 is intended for profiles with low en-
gagement. This module contains only one type of 
environmental sound, such as rain sounds, wind 
sounds, and ocean waves.  Module M2 is for a 
high engagement profile. This module is more 
complicated and aims to create a higher level 
of immersion. First, it also contains continuous 
white noise. It can serve as a basis for creating 
the acoustic environment. Another component 
is more dynamic sounds, such as bird sounds, 
which contribute to a more vivid sonic environ-
ment. The sounds of human actions are the third 
layer to make the participants feel that they are 
in that place. 

We know from user research that users have a 
personal preference for their dreamscape. In-
spired by this insight, I added a customization 
feature to the sound modules: participants first 
get the default environment sounds, but they can 
switch to a theme they like. Since all elements 
are modular, only the environmental sounds layer 
need to be changed.

Phase 3: Entrainment phase  3min*N

In this phase, the music melody slowly disap-
pears. The whole soundscape’s tempo gradual-
ly slows down so that participants tend to slow 
down their breathing and heartbeat. The volume 
will also decrease progressively to create a relax-
ing and not disturbing ending. 
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6.4. Prototyping and iterating sleep music modules

Prototype tool selection
Ableton Live was chosen to be the prototyping 
tool. It is an audio station that provides lots of 
possibilities to change the sound parameter, like 
changing pith, applying filters to remove frequen-
cy, fading sounds in and out, etc. Ableton Live also 
have some embedded instrumental sounds that 
are available for usage.  It can also be connected 
with Max/MSP to build the sounds modular sys-
tem. 

Procedure
The music prototyping process includes the fol-
lowing steps. 
 
1. Define user profile 
2. Search for favourite music (instrumental) 
3. Define the sound environment theme and 
download relevant environmental and action 

sounds 
4. Set all the sound clips tempo = 107BPM 
5. Adjust the volume of different phases 
6. Add frequency filter to music clips (frequency 
<18.2Khz) 
8. Time: set each phase as 3 mins

The four initial soundtracks for each profile can be 
seen in figure 60. 

An informal iterative test was conducted to get 
quick feedback on how to improve music further, 
a. Three participants were invited for listening to 
it for one night. The main goal is to see what mu-
sical aspect works and what doesn’t work. Some 
other insights and problems are discovered from 
prototyping, and self-experimenting are included 
as well.

Diver soundscape

Hunter soundscapeExplorer soundscape

Observer soundscap e

Figure 60. Four sleep music soundscape design in Abolten Live 
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 ✅ What works 
Overall, the sound design modules work in an 
intended way. In the first stage, participants 
were awared and felt enjoyable listening to their 
favourite music. In the second stage, an immersive 
feeling was evoked by the environmental sounds. 
Finally, accompanied by music,  participants 
felt they gradually become more relaxed. 
However, many musical aspects related to music 
composition and module settings need to be 
improved for better music quality.  

 ⭐ What needs to be improved 
The music duration is a bit short.
The provided music duration should take peo-
ple’s sleep onset latency into account. People 
would like to listen to music till they fall asleep. 
However, the current music duration is around 
9min, shorter than the average sleep onset la-
tency ( 15-20min) for healthy adults. Everyone’s 
sleep onset latency varies, so the duration is very 
important as a customization function. 

Music source quality is not high enough.
Some sound such as the sound of the waves has 
a low sound quality and can be a little annoying 
to the user. A good selection of sound sources 
is important. Participants' might not notice the 
quality during the daytime. However, during 
night time when people's only listen to music, 
details in the music can be noticed. If sound 
sources for composition are not of high quality, 
negative emotions could be evoked.

Unnatural transitions
The transition from the attraction phase to the 
immersion phase is not natural because the mu-
sic and the environmental sounds are not mixed 
very well.

Sound content
By removing the human action sounds, the user is 
more immersed in the environmental sounds. The 

main reason is that these sounds are too directive 
and can draw too much attention, leaving the user 
less room to relax.

Overly regular dynamic sounds
Sound elements are perceived too regular. For 
example, the birds chirping appear once every 
few seconds. Too regular sounds may feel 
very unnatural to people. Natural music can be 
immersive because it allows for some irregularity 
in the overall predictability of sounds.

Process of favourite music
When working on a prototype, it was found that 
the processing of the sound has limited effects. 
If the user uploads very upbeat rock music, it 
isn't easy to achieve a relaxing, soothing and 
quiet effect with the sound editor.  If the tempo 
is reduced too much, it becomes challenging to 
maintain the melody of the music.

Evoke positive associations
Participants might have some negative 
associations with the music if there are no cues. 
Their emotions and environment will direct how 
they imagine the sounds. Therefore, instead of 
providing too much freedom in imagination, visual 
cues might help evoke positive associations.

I will improve these design shortcomings in the 
final design. A music designer is also invited for 
a short collaboration to improve and enhance the 
music. Being supported by sound expertise helps 
solve the technical problems associated with the 
music composition and can create quality sleep 
music to meet the user's needs.
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7.1. What is DREAMe

DREAMe function overview
DREAMe delivers a personalized sleep music ex-
perience based on profile generation and a music 
personalization system. The info-structure map 
(see figure 61) presents an overview of all func-
tions in DREAMe. All features are designed based 

on previous research results, directed by design 
goal and vision. There are two essential features: 
a sleep music profile test and a personalized mu-
sic listening player. Customization functions are 
secondary features.   

Figure 61. An overview of all functions in an info-structured map

Interaction flow
Figure 62 presents a storyboard about how 
DREAMe aids patients' sleep, from getting a 
sleep music profile, customizing music settings, 
to listening to sleep music. 

Set up a profile
When opening the application, patients are first 
suggested to create a profile in few steps. This is 
a mandatory step for using the app. The profile 
setup process follows a profile generation logic, 
which will be introduced later. Patients will answer 
five questions in total about personal sleep and 
music preference as profile input. Then patients 
will get their profile as a starting point of using 
DREAMe. The last step before moving to the app 
homepage is the input of favourite music. This 
music (after processing) will be used as a source 
for generating personalized sleep music.

Customizing music settings
Patients can customize sleep music settings 
either before or after listening. They could set 
a timer for how long they prefer to listen to, so 
they could fall asleep at night accompanied with 
music, without being worried about shutting 
down the music. Based on generative research 
results, people have different preferences for their 
"dreamscape". It reflects a personal preference in 
what kind of imagery association is evoked by the 
sleep music. If the default environmental sounds 
don't fit their expectations, they can change 
to another theme with different environmental 
sounds.   The sleeping condition in the hospital is 
less predictable than at home. In some conditions, 
when patients have negative thoughts or find 
too much noise in their sleep environment, 
advanced options for adding another sound layer 
are suggested to deal with these occasionally 
occurring sleep problems.
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Figure 62. A storyboard of how patients can use DREAMe to aid their sleep

Listening to sleep music
Patients will first listen to a piece of music, either 
familiar or novel to them, depending on their 
profiles.  At the end of the first phase, the music 
tempo will slow down to help people feel relaxed.  

Then, patients listen to a combination of the 
environmental soundscape and music melody and 
are immersed in the sonic environment. Finally, the 
whole music piece slows down, and the sound level 
gradually trails off. Participants will fall into sleep 
with ease and calmness accompanied by music.
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Figure 63. An overview of profile creation interfaces

7.2. Test a profile in DREAMe 

Profile creation process
An easy and intuitive profile test for personalization

Profile test provides the foundation for music personalization. Figure 63 presents all interfaces designed in 
the profile test. After users make their choices, they will see one of the four sleep music profiles. The music 
input interface shows how users can input their favourite music. People’s sleep and music preferences are 
known with simple and intuitive input. It simplifies the sleep music selection process for patients with a 
profile-based approach.

https://xd.adobe.com/view/68aa085c-f8af-
47e5-adc6-df899e36f66e-3df9/?fullscreen
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Figure 64. An overview of profile creation interfaces

69MASTER THESIS



Figure 65. The profile generation logic chart

Understand the logic behind
Research-based profile generation logic
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7.3. Enjoy sleep music in DREAMe

Sleep music duration setting
Catering individual differences in sleep latency

Allowing the user to choose the listening duration is a necessary feature 
for music applications and adds value in this context. Patients’ have dif-
ferent latency to fall asleep, which means they will have their preferred 
listening duration. Therefore the timer is a simple but fundamental fea-
ture that directly influences the effects of music on sleep.

Playing personal sleep music 
An immersive and personalized music experience that bring patients to 
their dreamscape 

The immersive and personalized experience of music is delivered based 
on a modular music system. Both personal and general sleep music 
features are reflected in intimate and unique music experiences. The 
music listening page follows a minimum design, and illustrations are used 
to evoke positive association.

Figure 66. App interfaces for music listening, timer setting, and profile pages
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Particular function for sleep concerns
Functional roles of music for particular sleep needs

Having a good sleep at a hospital, surrounded by different noises, can 
be a big challenge for patients. Being disturbed by too much noise or 
experiences too many negative emotions can occur at any time. That's 
why a particular function is designed to add new sound layers to the 
essential sleep music.

Sound theme selection
Select your prefered sound “dreamscape”

The possibility of selecting different environmental sound themes 
can provide a more flexible listening experience. This flexibility brings 
a nice balance between the user in control and the product in control, 
increasing the likelihood of an optimal music listening experience.

Figure 67. App interfaces for theme selection and special functions page
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7.4. DREAMe music design guidelines 

Based on previous generative research results, 
attempts on the prototype of music, the 
collaboration and discussion with sound designer 
Willem, the following guidelines are concluded:
 
On the one hand, the guidelines support the 
design of the sound from a theoretical and 
practical point of view, increasing the possibility 
of sleep music to help the user fall asleep. On the 
other hand, it serves as a source of inspiration and 
guidance for the sound designer to synthesize 
and produce sleep music. These guidelines act as 
a starting point for designing personalized sleep 
music, which is recommended to be iterated by 
collecting more user feedbacks.
 
A progressive structure
Sleep music uses an overall three-stage musical 
structure: attraction - immersion - entrainment.

In the first stage, familiar or unfamiliar music is 
used to attract the user's attention and create an 
enjoyable feeling through music.
 
In the second stage, relaxing environmental and 
sounds and instrumental music are used, which 
are combined to create a sonic environment. The 
sonic environment helps the user to relax and 
immerse themselves in their dreamscape.
 
In the final stage, the sound is gradually slowed 
down, and the volume is reduced as the user 
slowly falls asleep with the help of the low-
frequency sounds, lowering their heart rate and 
slowing their breathing.

Sleep aid sound elements
User research results (sound as sleep aids) pro-
vide inspiration for sound designers to make en-
vironmental sounds.

In choosing sound elements, it is advisable to 

choose environmental sounds that people 
perceive as sleep aids. For example, these sounds 
were discovered during the user research phase:

- Nature sounds like rain sound, sea waves, 
rippling water 
- Animal sounds like bird sounds 
- Music like meditation music, familiar music, soft 
and comforting music 
- Silence, or familiar voices

These sounds can make people feel safe, relaxed 
and evoke many other positive feelings like a 
peaceful, happy, and dreamy, etc.

Inspired by sound designer Willem, binaural 
sounds can be used to give the whole piece more 
unity and help with entrainment when listeners 
choose to wear headphones.

The sounds we should avoid are people's noise, 
party music, hitting or beating sounds. These 
sounds can evoke negative feelings like feeling 
annoyed, anxious, alarmed, etc. 

Relaxing musical features 
The music features should meet the 
characteristics of relaxing music as much as 
possible, but given the entire music as the 
priority.

Tempo: 70-107BPM on average at first. From 
the beginning to the end of the song, the tempo 
gradually slows down to a level close to and below 
the user's heart rate (40-70BPM), thus helping 
the listener to relax.
 
Frequency: avoid using too many high-frequency 
sounds in the music.
 
Time: Each music phase should be around 3-5 
minutes, with a loop entrainment phase when the 
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user wants to listen for a longer period of time, as 
the three-part structure of the music is linear and 
leads the user to relax slowly. If the user is already 
relaxed after looping a whole section of music, 
they will get excited again when they hear the 
first part of the music, which will have a negative 
effect on sleep.

Differentiate profile modules
The main difference between DREAMe music and 
other music on the market is that the music can 
be personalized to meet the user's musical needs. 
Thus, it's important to deliver specific music 
modules for each profile to meet each profile's 
needs for sleep music. As previously mentioned, 
four profiles are created based on the sleep 
engagement and music openness dimensions. 
Assumptions are also made about the type of 
music required by the four profiles. Explorer and 
observer profiles are provided with a piece of 
relatively gentle and less immersive music: creek 
music.

The other is the use of music that is familiar or 
unfamiliar to the user to meet the user's high or 
low musical openness dimension. For those with 
low musical openness, such as observer and 
hunter, the first part of the module uses familiar 
music provided by the user, while for those with 
high musical openness, the first part of the module 
is based on music that is not familiar to the user 
in the music library. The design and visualisation 
of each music module will be presented in more 
detail in the next section.

Process familiar music
The instrumental version of users' favourite music 
needs to be remixed into the first phase of the 
music for low engagement profiles. During the 
prototype phase, an exploration was made into 
the processing of familiar music melodies. It turns 
out that a good way to do this is to look for the 
instrumental cover of the uploaded music and 
slow it down and decrease its frequency.

However, it is important to note that the music 
uploaded by users can be very fast-paced. It might 
be uneasy to maintain a relaxing speed while still 
being able to hear the familiar melody. Therefore 
there is no guarantee that all songs will be as slow 
as those in the music library. How much the tempo 
is reduced is determined by the music harmony 
and evoked feelings.  

Embrace creativity & iteration
Embrace the creativity of the music designer in 
the music design process is important. There is 
no need to give up some of the musical ideas to 
meet all suggestions. For example, if the sound of 
birds singing blends well with the overall music 
and is relaxing, it's acceptable that the frequency is 
slightly higher than recommended. The frequency 
can be reduced appropriately, rather than making 
the birds sound like other animals to make the 
frequency meet the requirements and thus make 
people feel scared.

The music designer's expertise can improve the 
overall quality of the music and avoid a lack of 
harmony in the music, which can lead to negative 
feelings towards the music. This is even more 
important for the design of sleep music. The quality 
of sleep music itself needs to be better than the 
music listened to during the day. It is easy for the 
participants to focus on the music at night and to 
hear every part of it. A small dissonance can make 
the user feel uncomfortable and thus unable to 
sleep well. This is particularly true for patients in 
hospital rooms, where the environment, physical 
condition, and sleep quality can make them more 
sensitive and vulnerable than at home at night.

It is suggested to focus on overall music quality,  
and feelings music brings, rather than using these 
suggestions as a set framework to follow for every 
sleep music piece. It is also stated in the previously 
mentioned paper (Hernandez-Ruiz, 2020) that 
the relaxing feeling of the music is brought about 
as a whole, not by the change of a single element.
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Figure 68. DREAMe sounds library

7.5. Four sleep music modules in DREAMe 

This section will show the sound library and the 
four sound modules. The sound library contains 
a number of sounds to provide support for 
music generation. The library sources come from 
different places. The environmental sounds are 
recorded and remixed by the sound designer. 
System music is from the web resources. Another 
input is the melody of the user's favourite music. 
The melody comes from an instrumental cover of 
certain music.

Figure 68 shows what sounds are available in a  
basic sound library and their classification. Figure 
69 to figure 72 illustrates the four music modules 
for four profiles. These music modules all meet 
the guidelines described in the previous section.

Diver: immersive & novel sleep music 
Immersive: immersive environmental soundscape 
Heavy rain & thunder sounds are used
Novel: use new music from the system library 

Explorer: relaxing & novel sleep music
Relaxing: gentle environmental soundscape
Creek & birds sounds are used
Novel: use new music from the system library 

Observer: relaxing & novel sleep music
Relaxing: gentle environmental soundscape
Creek & birds sounds are used
Familiar: use users' favourite music melody

Hunter: immersive & familiar sleep music
Relaxing: immersive environmental soundscape
Heavy rain & thunder sounds are used
Familiar: use users' favourite music melody

DREAMe sound library
Natural soundscape resources

Other sounds

System music

Binarual sounds

Creek sounds

Instrumental sounds

Bird sounds

Heavy rain sounds

Thunder sounds

High engagement soundscape

Low engagement soundscape

Music resources

User’s music melody

DREAMe sounds library
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Figure 69. Diver’s sleep music module for programming the final music

Figure 70. Explorer’s sleep music module for programming the final music
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Figure 71. Observer’s sleep music module for programming the final music

Figure 72. Hunter’s sleep music module for programming the final music
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8.1. Product evaluation setup

Research objective
This evaluation aims to evaluate the profile log-
ic as the main focus and take the profile creation 
experience and overall app interface usage expe-
rience into account. The results of the evaluation 
should be able to answer the following research 
questions:
1. How credible is the profile logic design? 
Sub research questions: 
2. How intuitive is the profile creation process? 
3. How do people experience the product?

Research method 
The test will be conducted online via zoom. The 
participants will be invited to experience the 
profile creation process and the main feature in 
DREAMe with a clickable prototype. 

Figure 73. The interactive prototype which enables the profile creation process

Material preparation
Profile creation prototype 
A clickable high-fidelity prototype is designed in 
Adobe XD (see figure 73). Participants can click 
on the prototype to choose answers for the pro-
file questions. Their choices lead to four different 
profiles. Participants could also experience fea-
tures like changing themes or setting the music 
duration.

Product and profile experience evaluation 
questionnaire 
The profile creation and product experience is a 
secondary focus of this test. A questionnaire in-
cluding five questions with a Likert scale is used 
(appendix K). The questions were designed based 
on the design requirements.  
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Figure 74: Demographics details of recruited participants for product and profile experience evaluation test

Figure 75: Screenshots in one of the evaluation tests with participants to show the test process

Participants 
Ten participants are invited for a test session 
through online recruitment. Their demographic 
details can be seen in figure 74.

Procedure
Screenshots in figure 75 present the test proce-
dure.  
Product introduction: Participants were first 
presented with a storyboard including main user 
flows and usage context (see figure 75). This 
could help participants to understand why they 
use the app and in which context. The storyboard 
can also facilitate participants to imagine how 
they might interact with the design, which is es-
pecially helpful for online concept evaluation.

Answer profile questions: After having a basic 
idea of the concept as a whole, participants were 
invited to experience the prototype. In the mean-
time, they were asked to screen sharing their us-
age and talking aloud. It can help researchers to 
identify the reason behind each interaction and 

choices towards profile options. 

Select the best fit profile: In an actual use case, 
users will get their profile results after answer-
ing the questions. However, in a pilot test, it was 
found out that if participants only see their pro-
file, they tend to accept it and see this profile fit 
with their preference. This cognitive bias might 
hinder the discovery of the actual profile credibil-
ity. Therefore, participants were asked to select 
the profile that fits them before receiving a sys-
tem-provided profile. 

Experience the app: Finally, participants explore 
the main functions in the app homepage with the 
same prototype. Since evaluation 2 is about mu-
sic, participants were asked to focus on experi-
ence the interfaces instead of music.

Rate on a questionnaire: Participants answered 
the Likert scale questionnaire (appendix L) about 
the profile creation and product usage experience 
in the final step. 

Gender
Age
Profession
Nationality Chinese Chinese Chinese Chinese Chinese Chinese Chinese Chinese Chinese Chinese
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Goal Questions Lowest score Highest score Average score

Profile creation 
experience 

Q1: Questions and options in the profile 
test are easy to understand.

5 7 6.4

Profile 
credibility

Q2: I can easily choose one profile that fits 
with me out of the four profiles. 

4 7 5.4

Q3: The provided profile fits with my 
preference. 

4 7 5.7

Product usage 
experience 

Q4: The app is intuitive to use. 4 7 6.4

Desirability of 
usage 

Q5: I would like to use this product to help 
me fall asleep at the hospital.

4 6 5.4

Figure 76. The score range of profile and product experience evaluation 

8.2. Product evaluation results

Both qualitative and quantitative data are again 
from the profile evaluation test, including 10 
participants' Likert scale ratings for five questions 
and their explanation of why they give specific 
ratings during a follow-up interview.  The data 
from questionnaires are presented in two types 
of tables. Figure 84  demonstrates an overview 
of the score range of all five questions in the 
questionnaire.  Figure 85 to 89 shows how many 
people give certain scores for each question. The 
test research questions will be answered and 
discussed by combining the data from both types 
of tables and participants' quotes.

Profile credibility
As shown in figure 76, two statements in the 
questionnaire is related to the profile credibility:  
Ratings of these two questions range from 4-7, 
with an average score of 5.4 and 5.7.

The distinction of four profiles
As we can see from figure 77, there are no scores 
below 4. This means that no participant found 
it difficult to choose one of the four profiles. 
Secondly, seven participants chose a score of five, 
six and seven. It means that they can select one 

profile that suits their preferences quite easily.  

 ➡ “The 4 categories have a quite clear difference. I 
can easily pick out that I am a diver.” 

It was observed in the session that participants 
could understand the differences between the 
four profiles. They chose one of the four by 
comparing their sleep and music preferences 
to the descriptions. Moreover, all four different 
profiles were selected by at least two of the 
participants. It suggests that the four music 
profiles are representative of some parts of 
the individual differences in music and sleep 
preferences. It is possible to use these profiles 
to segment users groups.
 
In addition, three users chose a score of 4. It 
means they are not sure if they could choose a 
profile from the 4 profiles that fit them very well.

 ➡ "I think I could either be a diver or an explorer, 
depending on my mood. Sometimes I would like to 
be very immersed in another world, but sometimes 
I want to lay on the bed."  

 ➡ "When I imagine myself at the hospital, I might 

6
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Figure 78. Profile evaluation Q3 distribution map
(1=totally disagree, 7=totally agree)

Figure 77. Profile evaluation Q2 distribution map
(1=totally disagree, 7=totally agree)

become a diver and want to be distracted by the 
negative thoughts. "  

The quotes indicate that participants are not sure 
whether they can choose one profile because their 
sleep preferences might change. This confirms 
the previous assumption about the stability of 
profiles: users' preferences are not static. Sleep 
preferences can change between low and high 
engagement depending on the environment, 
mood and other sleep-related factors.

This score might also correlate with how well 
participants know themselves. People who know 
their sleep and music preferences better tend to 
choose without much thought. Users who are 
less aware of preferences need some time to 
think and recall their behaviours. 

The profile logic
Participants were also provided with a system-
generated profile and rate how the profile fits 
with their preference. (The preferences here 
refer to the ones described in the profile: "sleep 
preference", "music preference", and "sleep music 
preference". The results from figure 78 suggest 
that most participants agree that the generated 
profiles based on their answers are in line with 
their preferences.

 ➡ "The description of this profile fit with me very 
well. This is definitely me. " 

The generated profiles match participants' 
expectations of preferences indirectly shows that 
the system's logic is reasonable: the system with 
the designed logic can predict users' preferences 
through profiles. One participant who scores 4 
thinks the profile's content and presentation is 
convincing, but the content in the profile is a bit 
simple.

 ➡ "I'm not sure because there are only several sen-
tences about my preferences."

It is reasonable that participants think the profile 
information is not rich enough, especially when 
comparing it with the information presented by 
some personality tests. Only information related 
to the music output is presented on the profile, 
including music openness, sleep engagement 
and sleep music recommendation.  The main 
consideration of not adding information that is 
not directly related to the outcome is to ensure 
the transparency of the personalization system, 
which is found to be valuable in the iterative test. 
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Figure 79. Profile evaluation Q1 distrbution map
(1=totally disagree, 7=totally agree)

Figure 80. Profile evaluation Q4 distrbution map
(1=totally disagree, 7=totally agree)

Profile creation experience
As shown in figure 76, the score for question 1 
ranges from 4 to 7, with a high average score of 
6.4. Six out of ten participants agree questions and 
options in the profile test are easy to understand 
(see figure 79).  During the observation in the 
zoom session, it was found that most participants 
finished the profile test around 2 minutes. 
Participants' facial expressions while testing the 
profile also indicate that little thinking is needed. 
This can lead to the conclusion that the profile 
creation experience is easy and intuitive.

The number of questions also does not 
overwhelm the participants. In contrast, one 
participant thought that the questions were fewer 
than expected. It is unlikely that the quantity of 
answers influences the perception of the quality 
and credibility of the test.    

 ➡ "There are not many questions, but I feel all the 
questions are asked in a quite detailed way, which 
I think can show people's differences."  

Since there is no indication of whether participants 
can redo the test again, some of them were 
hesitant for making a choice.

 ➡ “I'm a bit hesitant because I don't know whether I 
can still change my selection."

Therefore, it is believed that being able to edit 
the profiles or change the choices after patients 

have received the profile can reduce the cognitive 
impact of taking the test and make the experience 
easier and more intuitive.

Product usage experience
Question 4 is intended to reflect the general 
experience with the product. Participants gave a 
high average score of 6.4, ranging from 6-7 (see 
figure 76). Six participants gave a score of 6, and 
four give 7 (see figure 80).

The results mean that participants strongly agree 
that the product is easy and intuitive to use. 
Participants who are comfortable with digital 
applications can use DREAMe with ease and 
intuitiveness. Even for first time usage, a small 
learning curve is needed.  

 ➡ “The main function is pretty clear. I have no trou-
ble finding a function I need.

Interacting with DREAMe also gives participants 
a sense of familiarity. This suggests that people 
who already have experience listening to music 
can use this feature in DREAMe.  

 ➡ “I feel familiar when I interact with this app. I just 
know how to play music, change the theme, or set 
a timer.

This further confirms the success in designing 
DREAMe with a minimalist approach. It creates 
a familiar and straightforward interaction with 
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Figure 81. Profile evaluation Q5 distrbution map
(1=totally disagree, 7=totally agree)

a clear focus on listening to music. The music 
is always put first. This simple interaction not 
only leads to a better user experience but also 
enhances the usability of the app. Users require 
little cognitive effort or skill to use DREAMe. 

The simplicity of the design is also a great 
advantage in implementing DREAMe in 
hospitals to meet the sleep needs of patients in 
different age groups.

Desirability
Personalization leads to the intention to use
The last question targets whether participants 
have the desire to use DREAMe as a sleep aid in 
the hospital. As shown in figure 76, the statement 
"I would like to use this product as a sleep aid in 
the hospital" received an average score of 5.4, 
ranging from the lowest 4 to the highest 6. Figure 
81 shows that more than half of the participants 
gave a score of 6. The rest gave scores of 4 and 5, 
indicating that most participants are willing to use 
the app to listen to music in the hospital.  DREAMe 
product could evoke an intention to potentially use 
it even before the participants have had an actual 
experience. The desirability of usage is important, 
especially when people are overwhelmed with 
too many application options today.   

Whether people have the intention to use or buy 
a product is determined by a need gap (Solomon, 
M. R., 2013). In this context, it means that if the 
product can show people that they can sleep 

better with this product, or if people feel that they 
need to solve their sleep problems, these two 
situations can lead to a desire for the product.  
Considering the flexibility in design, DREAMe can 
serve both as a tool to solve sleep problems and 
as a means to create a better sleep experience 
for long-term sleep health.

Personalization increase involvement
Participants also indicated that they were 
interested in using this product for multiple nights 
because of the personalization feature.

 ➡ "I have used a few of these sleep softwares before. 
None of them is personalized, so this is very good. 
It makes me feel like this sleep music is just for 
me." 

It shows that personalization can increase 
user involvement in product use, leading to a 
longer usage time. Apart from the effects of 
personalization, users are encouraged to gradually 
make small efforts in profiling, motivated by the 
profile results as positive feedback. People are 
more likely to use the product because it becomes 
representative of their sleep music preference, and 
they build an emotional attachment to DREAMe. 
The literature also states that people's affection 
for a product increases when they participate in 
the creation process (Norton, Mochon & Ariely, 
2012).  

Long-term use
Although personalization features may increase 
the possibility of prolonged use of the product, 
the functional effects of sleep music are inevitably 
important. DREAMe should provide users with 
long-term motivation to use it, such as building a 
habit of listening to sleep music.  

 ➡ "I'll certainly try it out, but how long I use it 
depending on the music effects.  Letting me know 
the science behind the music would help me stick 
with it for a longer time."
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8.3. Product evaluation conclusion

Limitation
Due to time constraints, the sample size of 
the evaluation is relatively small. Only ten 
participants were recruited for the profile and 
product evaluation test. The sample size is 
sufficient to answer the research questions with 
both qualitative and quantitative data. However, 
it's not enough to draw accurate quantitative 
conclusions from these results. 
 
In addition, although the participants are in 
different age groups from 23 to 49 years old, 
they are all Chinese, 8 of them are students, and 
none of them is patients. The limitation of the 
target groups might affect the generalizability 
of the test. In order to validate the conclusions 
and obtain more accurate quantitative results, it 
is recommended to include more patients in the 
future evaluation test.

Conclusion
In this chapter, the evaluation process was  
presented. Regarding the obtained results, 
research questions were answered using 
questionnaires and interview data. The final 
design can meet the design requirements well. 
 
People are able to create a credible and 
representative profile through a simple and 
intuitive profiling process. The results show 
that the sleep music profiles reflect the personal 
preferences of the users. Users are able to easily 
select one of their sleep music profiles. 
 
The logic of profile creation is also found to be 
credible. The system can create a profile that 
matches users' preferences based on the answers 
to five questions. For some users, the content of 
the profiles could be richer to meet their need for 
variety.
 
Overall, profile creation and product usage are 
simple and intuitive. People can also interact 
with the app with little cognitive effort and a 
small learning curve. For desirability of usage, 
the profile-based personalization approach can 
get people to use the app and engage with it 
for a longer time.
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9.1. DREAMe music evaluation setup

Research objective 
In evaluation test 1, the product usage and profile 
creation were tested. However, the ultimate 
goal of DREAMe is to help users sleep better 
with personalized music. Therefore the second 
evaluation aims to test whether the music 
delivery experience meets the project design 
goal, interaction qualities and how.  

Design goal: Provide patients with personalized 
nighttime sonic environments based on their 
profiles, and help them immerse in their 
dreamscape to feel more relaxed before sleep.

Interaction qualities: 
Relaxed, Enjoyable, Immersive,

Research method
An eight-day control test was conducted to 
evaluate the music effects by comparing the 
sleep quality before and after design intervention.  
The purpose of doing a control test is to see the 
effect of the music interventions on the user's 
basic sleep quality. It can reduce the influences 
of other personal factors on the results.  Likert 
scale questionnaires are used to verify whether 
the final design meets the design goal and vision. 
After the control test was finished, an interview 
was conducted to understand how music plays 
a role in the effects and how personalized music 
fits individuals' preferences. Randomized control 

was used for the delivery of music.

Participants
Six participants were recruited for the second 
evaluation test. Their demographic details are 
presented in figure 82. They are non-patients 
between the ages of 20 and 50. None of the 
participants had any obvious health or sleep 
problems in the last one month. During the eight-
day test, all participants slept alone at home.

Material preparation 
Evaluation test materials for each participant were 
put into a table (see appendix N). The material 
links prepared for each participant were listed 
to make the material distribution and collection 
process more efficient. The randomized control 
influences the order of the music playlists, profile 
presentation and profile selection questions in 
questionnaires.

Questionnaires 
Sleep music evaluation questionnaires 1&2 
were designed for the test and can be seen in 
appendixes L and M. Both questionnaires can be 
completed within 3 minutes.

Sleep music evaluation questionnaire 1
The first questionnaire was used for the first four 
days without intervention (appendix L). Questions 
were adapted from the PSQI questionnaire to 

FIgure 82: Demographics details of participants for the music experience evaluation test

Gender
Age

Profession

Location
Nationality Chinese Chinese Chinese Chinese Chinese Chinese
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measure the overall subjective sleep quality and 
sleep onset latency.

Sleep music evaluation questionnaire 2
Participants answered the second questionnaire 
in the last four days with the design intervention 
(appendix N). Compared with questionnaire 1, a 
music experience section was added to evaluate 
how people experience the delivered music

Profile links
Four profiles were put in the Adobe XD link so that 
participants can decide on which profile they were 
every day. The sequence of profiles is randomized. 
The initial idea was to add one music sample for 
each participant to help them be more aware of 
their choices. However, this function from Adobe 
XD can only work on a computer or for android 

users. Finally, the music sample function was 
replaced by letting people try out the music by 
themselves while looking at the profiles. 

Figure 83 presents the four profile descriptions 
to one participant. Each profile is placed on one 
screen, and participants can click arrows beneath 
to switch among four profiles. For each profile, 
the sleep engagement, music preference and 
sleep music are explained with text. To help 
participants understand the differences among 
the four profiles,  the keywords of each profile are 
highlighted. The design here only serves for the 
final evaluation. In the actual product, each user 
will only see their own profiles.

 Figure 83: Four profiles presented to one participant through an Adobe XD link 
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Music preparation 
Figure 84 to 87 shows how the 14 pieces of music were prepared for 6 participants. 

FIgure 84: Remixing the soundscape with users’ favourite music melody 
FIgure 85: Six prepared albums for participants to listen from 

Figure 86. The music listening list for each participant with a randomized sequence, an instruction and labels 
Figure 87. Four different illustrations as music covers to help participants distinguish music from each other easily. 

1. Music composition

3. Details in each playlist

4. Four cover illustrations

2. Create personal playlists
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The first step of music preparation was to collect 
the favourite music from participants. All the 
participants were asked to send the name of 
their favourite music to the researcher. Music was 
stored for making personalized sleep music. The 
environmental soundscape and the low openness 
profile music (diver & explorer ) samples were 
made by sound designer Willem. According to 
the sleep music logic described in the design part,  
the melody of users' favourite music was put into 
the first part of the soundscape, with a change 
in the loudness, frequency range and tempo. The 
sources of the users' music melody came from 
online instrumental covers. All the music sources 
were under fair use and only for the evaluation 
purpose.

Music sharing 
Prepared music pieces were uploaded as a private 
playlist to Soundcloud. In total, six shareable and 
labelled playlists were created (see figure 85). 
Each playlist includes the test instructions in 
the description section, so participants can be 
reminded when they start to listen. Four different 
illustrations with a profile name were set as 
music covers to help participants recognize and 
distinguish pieces. The covers also help to indicate 
the sounds elements, like forest or creek sounds.  
Finally, each music was labelled with the profile 
names: explorer music, diver music, hunter music, 
and observer music. 

Procedure
Introduction
Participants were introduced to the testing pro-
cedure via Zoom or in person prior to the start 
of the test. Participants received daily reminders 
and test materials through an online communica-
tion tool (Wechat, similar to WhatsApp but more 
available to Chinese participants).    

Day 1-4: Measure sleep without intervention
Participants received the sleep music question-
naire 1 before the test began. They were asked 
to go through the questions to be aware of their 
sleep during the night. The next day, they received 

a reminder to complete the questionnaire by re-
flecting on the previous day’s sleep. The ques-
tionnaire takes only 3 minutes to complete.

Day 5-8: Measure sleep with intervention 
On day 4, all participants received the materials 
for the next four days, including tasks instructions, 
profiles,  personal music playlists, and sleep music 
questionnaire 2. Before bedtime, participants 
went through four profiles and listened to the 
associated music for 10-20 seconds. They then 
selected one profile music to aid their sleep. They 
could choose only one music for a day.
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9.2. DREAMe music evaluation results

The project's goal is to help people fall asleep 
better, focusing on improving the before sleep 
experiences through personalized music. 
Therefore, in the evaluation results section, I'll 
introduce and discuss the effects of music from 
these three aspects: the overall sleep quality, 
sleep onset latency and sleep music listening 
experiences.  The results come from the sleep 
music evaluation questionnaires 1&2 (see 
appendixes M&N). 

Subjective sleep quality

The results about subjective sleep quality are 
shown in figures 88 and 89. Mean and median 
scores are in light and blue colours. Comparing 
the scores with and without design intervention 
shows a slight increase in subjective sleep 
quality. Subjective sleep quality with the design 
intervention is 0.2 (mean score) and 0.4 (median 
score) higher than those without intervention.  

As shown in figure 88, participants agree that 
they sleep better with music intervention, which 
means listening to DREAMe sleep music before 
bedtime is likely to help participants have a 
better sleep quality.

Figure 89 shows an overview of how six 
participants rate the subjective sleep quality over 
eight days. Looking at the change in scores, the 
mean and median fluctuate slightly one or two 
times over eight days. The trend of mean and 
median scores performed differently in the last 
four days with the designed intervention. The 
mean score tends to increase, but the median first 
increases and then decrease.

The results from figures 88 and 89 suggest that 
personalized music can moderately enhance 
participants' subjective sleep quality. The 
positive effect of music is not fully stabilized in 
a four days' intervention.

Sleep duration

Figure 89. The mean and median scores of subjective sleep 
quality throughout 8 days (1=totally disagree, 7=totally 

agree）

Figure 90. Mean and median scores of sleep duration before 
and after design intervention 

Figure 88. Mean and median scores of subjective sleep quality 
before and after design intervention (1=totally disagree, 7=to-

tally agree）

Mean scores 

Mean scores 

Mean hours
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The next two charts show that the mean and 
median scores of sleep duration. Figure 90 shows 
that participants sleep duration decreased by an 
average of 0.5 hours after listening to DREAMe 
music after sleep, from 7.9 hours to 7.5 hours. 
Both the sleep duration before (7.9 hours) 
and after music intervention(7.5) is within the 
healthy sleep duration for adults, between 7-9 
hours (Chaput et al., 2018). The results suggest 
that participants' sleep duration decreases by 
half an hour after the music intervention in a 
healthy sleep duration range.

There is an increase in sleep duration from day 3 
to day 4 (figure 91). Participants' sleep time tends 
to be more stable after the music intervention. The 
results suggest that participants tend to have a 
more regular sleep duration after listening to 
music.  

Sleep latency

Figure 91. The mean and median scores of sleep duration 
(hour) throughout 8 days

Figures 92 to 93 show data on sleep latency. 
In figure 92, it can be seen that the mean sleep 
latency decreased by 6.1 minutes from 21.6 
to 15.5 minutes and the median decreased by 
5.6 minutes from 19.4 to 13.8 minutes after 
the DREAMe music intervention. These results 
show a significant reduction in the time it takes 
participants to fall asleep. With the DREAMe 
music intervention, participants are able to 
fall asleep approximately 6 minutes faster 
than with a normal home sleep routine.  
 
Figure 93 provides an overview of how much 
time it takes participants to fall asleep over 8 
days. The average score decreases over the last 
two days, and the average score has a decreasing 
trend over the days with music intervention.

The decreasing trend in sleep latency in the last 
four days indicates that the longer duration of 
the music intervention might potentially put 
the user to sleep more quickly.

Figure 93. Mean and median sleep latency(min) throughout 
8 days

Figure 92. Mean and median sleep latency (min) before and 
after design intervention

Mean scores 

Mean scores 

Mean hours
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How relaxed participants feel before falling 
asleep

Figures 94 and 95 show the effects of music on 
how relaxed participants feel before falling asleep. 
In figure 94, it can be seen that the mean and 
median of the level of relaxation during a normal 
sleep routine is rated as 5. This means that with 
a normal sleep routine, participants feel relatively 
relaxed before falling asleep. With the music 
intervention, the mean score of participants' 
relaxedness decreased from 5.0 to 4.8, but the 
median score increased from 5.0 to 5.1. The mean 
and median scores perform differently, and the 
changes in both scores are small. 

Listening to DREAMe music before bed does 
not seem to change the participants' level of 
relaxation before falling asleep during the test 
period.
  

Looking specifically at the values on each day, 
as shown in figure 95, we can see that the level 
of relaxation before going to sleep is constantly 
changing. On the second and sixth days, there 
are the lowest values. The highest values appear 
on the seventh day. Participants score low on the 
first two days of the intervention, around 5 and 4 
respectively, with an increase on the second two 
days, between 5 and 6.

The decrease in relaxation level before falling asleep 
on the first two days of the music intervention 
might relate to the fact that users are less familiar 
with the music. Participants' relaxation levels 
increased after being exposed to the DREAMe 
music intervention for two days.  

Figure 95. Mean and median score about how relaxed do par-
ticipants feel before falling asleep throughout 8 days (1=total-

ly disagree, 7=totally agree)

Figure 94. Mean and median score about how relaxed do 
participants feel before falling asleep before and after design 

intervention (1=totally disagree, 7=totally agree）

Mean scores 
Mean scores 

93MASTER THESIS



How  easy it is to fall asleep

Figures 96 and 97 about how easy it is to fall 
asleep seem similar to the previous two (figure 94 
& figure 95). The results in figure 104 show that 
the mean and median score of how easy it is to fall 
asleep with design intervention is 0.2 points lower 
than the scores without any intervention. The small 
drop in both scores shows that participants find 
it slightly less easy to fall asleep with DREAMe 
music intervention. 

Figure 97 illustrates how easy it is to fall asleep 
on eight days. It can be seen that the lowest mean 
and median values are 4 and 4.2, respectively. 
The overall values for the degree of ease are 
also above 5 (see figure 96). Combining these 
two results, we know that participants generally 
agree it's pretty easy to fall asleep before and after 
the intervention. It is unlikely that listening to 
DREAMe music will lead to difficulty in falling 
asleep.    

Figure 97 also shows that the ease of falling 

asleep varies greatly over the eight days. Similar 
to relaxation level, participants found it least easy 
to fall asleep on days 2 and 6. On the last day 
with music, participants found it easiest to fall 
asleep. The mean reached a high of 6.5 and the 
median a high of 7.

On day 5, the first day with the music intervention, 
users found it more difficult to fall asleep than the 
previous day. Both the mean and median scores 
continued to decrease. However, from day 7 to 8, 
both scores increase. Participants found it easiest 
to fall asleep on the last day with the music 
intervention.

Similar speculations can be derived from these 
changes as from the previous ones. Although the 
ease of falling asleep decreases at the beginning 
of the music intervention, the effect of DREAMe 
music in helping people fall asleep appears 
with increasing duration of music exposure.

Figure 97. Mean and median scores about how easy it is to 
fall asleep throughout 8 days (1=totally disagree, 7=totally 

agree）

Figure 96. Mean and median scores about how easy it is to 
fall asleep before and after design intervention (1=totally 

disagree, 7=totally agree）

Mean scores Mean scores 
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Music listening experience
This section focuses on the effects of personalised 
sleep music and how music leads to certain 
effects. The data collected on the experience of 
sleep music is presented in figure 98.

Interaction quality: relaxed
As shown in figure 98, the highest scores on days 
5, 7 and 8 all reach a maximum of 7, while the 
lowest score on day 5 is two. The lowest score 
falls below 4 only once, indicating that most 
participants felt relaxed on the first day they 
listened to the sleep music, while some did not.

Mean and median scores are above 5 every day 
and steadily increase throughout the four days. On 
the last day, the music has the highest relaxation 
effect on the participants. This suggests that 
DREAMe music can provide an overall relaxing 
listening experience. Although it may be 
perceived as less relaxing by some participants 
at first, they start to feel relaxed after two days' 
music listening. 

According to the interview session, the relaxed 
feelings are related to:

The overall relaxing qualities of music, such as 
slow tempo, soft timbres and natural sounds , 
make people feel relaxed.

 ➡ "Slow tempo of the music, soft piano sounds, and 
natural sounds make me feel relaxed." 

The predictability of natural sounds also leads to 
a relaxing feeling. 

 ➡ "The creek sound as a whole is short, thin, and 
continuously predictable..."

Finally, the gradual slowing down of music also 
has a relaxing effect.

 ➡ "I feel most relaxed when I feel the pace of my 
favourite music gradually slows down."

 

Figure 98. Score ranges for the three qualities in design vision in the last four days (1=totally disagree, 7=totally agree）

When I listen to it, I 
feel relaxed.

Date Min scores Max scores Mean scores Median scores

Day 5 2.0 7.0 5.3 5.5

Day 6 4.0 6.0 5.2 5.0

Day 7 5.0 7.0 6.2 6.0

Day 8 5.0 7.0 6.5 7.0

When I listen to it, I 
feel enjoyable. 

Date Min scores Max scores Mean scores Median scores

Day 5 2.0 6.0 5.2 6.0

Day 6 3.0 7.0 5.3 5.5

Day 7 4.0 7.0 5.7 5.5

Day 8 5.0 7.0 6.0 6.0

When I listen to it, I 
forget the outside 

world.

Date Min scores Max scores Mean scores Median scores

Day 5 2.0 7.0 5.0 5.5

Day 6 5.0 5.0 5.0 5.0

Day 7 3.0 7.0 5.0 5.5

Day 8 6.0 7.0 6.2 6.0
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Interaction quality: enjoyable 
Figure 98 shows that the highest score from 
the first to the fifth day is 7. The lowest scores 
on the first two days are below four, at 2 and 3 
respectively.
  
The results mean that listening to music is always 
enjoyable for some participants. However, some 
of the others do not find it enjoyable at the 
beginning. 

In the last two days, all participants agree 
that the DREAMe music gives them a pleasant 
listening experience. The increase in scores 
indicates that the enjoyment provided by the 
music also increases over time. 

Enjoyable feelings come from:
Participants tend to feel enjoyable when they 
hear their familiar melody.

 ➡ "I felt happy when I heard a familiar melody."

Positive associations are evoked with 
environmental sounds.

 ➡ "Listening to sounds of the creek brings back many 
positive memories for me. 

There are no distracting sounds in the music.

 ➡ "I did not hear any distracting sounds."

Interaction quality: immersive
The lowest score for immersive feeling is a score 
of 2 on day 5 （see figure 98). Except for day 6, 
the highest score on each day is 7. With all mean 
and median scores above 4.5, participants find 
listening to DREAM music immersive. The gap 
between the lowest and highest scores slowly 
decreases, indicating that the immersive feeling 
that music evokes increases over time.  

Initially, participants had varying opinions 
on how immersive they felt. Over time, 

participants agreed that the music made them 
feel very immersive.

Immersive feelings are created by
Familiarity with the music provides immersion.

 ➡ Listening to the music itself is immersive..."

The mixture of music and environmental sounds 
can immerse participants in the dreamscape.

 ➡ "It's not just music or ambient sounds. It's a com-
bination of both. It's better than only have one of 
them because it feels full, and it can create a space 
for me. 

 ➡ "... the natural sounds help create an environ-
ment."

The gradual slowing down of the melody leads to 
an immersive experience.

 ➡ "The tempo slows down and can help me sink into 
it..."

Unfamiliar parts of the music can also grab 
the listener's attention and brings a sense of 
immersion. 

 ➡ "The unfamiliar parts in the music makes me for-
get the outside world."
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Personalization and music effects

Figure 99 shows the results of each user's daily 
music choices. Participants five and six chose to 
listen to the same profile music every day. The rest 
of the participants also listened to other music. 

The question "which music suits you best?" 
was asked in the follow-up interviews to better 
understand the relationship between the user's 
music and their profile.

Four participants felt that their profile music was 
best for sleeping. This suggests that there may 
be a positive relationship between profile-based 
selection and music effectiveness.

Although the profile reflects preferences for sleep 
music, this does not mean that the system can 
recommend optimal sleep music that all aspects 
of it are preferred by the participant. The main 
reason is that profile-based music focuses on 
general openness to music and engagement 
in sleep rather than detailed preferences for 
musical elements.
  
 

For example, participant 1 considered explorer 
music was more effective than her profile hunter 
music. Her preference was consistent with the 
main characteristics of hunter music: she wanted 
to have an immersive music experience and 
preferred to listen to familiar music. The main 
reason for choosing a different piece of music was 
that she didn't like piano music. Listening to piano 
music would make her uncomfortable, and if she 
had a choice, she would prefer violin music.
 
The sleep music profiles reflect what kind of 
sleep music people like and could be related to 
the effectiveness of music in supporting sleep.  
 
This suggests a need to enriching the sleep 
music profiles with customization functions. 
Considering a combination of sleep music profiles 
and preferences for musical elements might better 
predict what music people find most effective for 
sleep.

Participants P1 P2 P3 P4 P5 P6

Profile Hunter Diver Observer Explorer Observer Hunter

Day 5 music selection Explorer music Diver music Observer music Explorer music Diver music Hunter music 

Day 6 music selection Explorer music Obsever music Observer music Observer music Observer music Hunter music 

Day 7 music selection Explorer music Observer music Observer music Diver music Hunter music Hunter music

Day 8 music selection Hunter music Observer music Observer music Exploer music Observer music Hunter music

Most effective  music Explorer music Observer music Observer music Explorer music Observer music Hunter music

Figure 99. Participants’ everyday music selections from day 5 to day 8 
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9.3. DREAMe music evaluation discussion

In this section, an overview of the findings is 
summarized. Based on these findings, the design 
goal and design vision are addressed. Then, some 
other findings from the evaluation test and the 
limitations of the test are discussed.

Addressing the design goal
The design goal is to help patients sleep better 
before they fall asleep. The evaluation results 
suggest that DREAMe music is likely to help 
people fall asleep faster and fall asleep more 
easily and relaxed after two days of exposure.

Shorter sleep latency
In terms of sleep latency, listening to DREAMe 
music helps participants fall asleep 6 minutes 
faster than a regular sleep routine. Their overall 
sleep latency decreases from over 20 minutes to 
15-20 minutes, indicating healthier sleep. The 
more days the participants are exposed to the 
music, the more pronounced the effect. 

An increasing trend in relaxation and ease level 
On the other hand, the DREAMe music intervention 
improves the level of relaxation before sleep after 
two day's exposure to music.

Some people find it slightly uneasy to fall asleep 
with music initially. However, it is also found that 
the effect of DREAMe music in helping people 
to fall asleep increases as the duration of music 
exposure increases. Then the participants' level of 
relaxation increases, and they find it easier to fall 
asleep.  

Influential factors
Some factors might be related to these results, 
like the familiarity with music listening, sleep aid 
urgency, and the way of listening.

Familiarity with music listening
The gradual increase in the relaxation effects of 
music may come from a sense of familiarity, that 
participants become familiar with music listening 
behaviour. Music listening is not commonly used 
as an everyday sleep routine, and only 4.22% of 
people in one survey reported that they listen to 
music every day (Tabitha, 2018). Therefore it is 
reasonable that people need to accept this new 
behaviour, especially those who use music as a 
sleep aid for the first time.

 ➡ "On the first day, I didn't adapt to listening to 
music. It was something new, and I could always 
feel it was present. Then after slowly becoming 
familiar with listening to music, the presence of 
music was weaker and more able to help one fall 
asleep." 

 
Participant was not used to listening to music 
and felt unnatural at first. When she got used to 
it, she could enjoy the music better.

This result is consistent with the conclusion from 
a music study that also suggests that the effect 
of music on sleep increases over time (Dickson 
& Schubert, 2020). However, since not all 
participants listened to the same piece of music 
for four days, the increasing effect of music may 
be caused by the change of music content.

Sleep aid urgency
The relaxation effects of music might be related 
to how much people need for relaxation. One 
explanation for the limited effects of DREAMe 
on relaxation is that recruited participants 
don't have an urgent need for aiding sleep. All 
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participants are healthy and claim they don't 
have any problems falling asleep. One participant 
explained why she doesn't feel music help a lot: 
"It was quite relaxing to listen to, but I didn't need 
music to help me relax." 

Different ways of listening
People's relationship with music might influence 
how they listen to music. Whether people actively 
listen to the music might impact the effects of 
music. Participants were found to listen to music 
in different situations, which might influence how 
music plays a role.

 ➡ " Usually, I get to bed until I'm exhausted and fall 
asleep easily every day, with little motivation for  
external support." 

 ➡ "I use my phone all the time before I go to bed and 
turn on music when it's time."

Improvement in sleep quality
Increased sleep quality and shorter duration
Music intervention increases the quality of sleep 
and shortens the time to fall asleep. Participants' 
subjective sleep quality was moderately improved 
after listening to DREAMe sleep music. However, 
the beneficial effect on sleep quality is not 
entirely stabilized during a four-day intervention. 
Participants' sleep duration decreases by half an 
hour  to a healthier sleep duration range. Their 
sleep time tends to be more consistent as well.

After listening to sleep music, a shorter sleep 
duration with an increase in subjective sleep 
quality implies that participants' sleep needs can 
be satisfied with a lower amount of sleep. This 
is consistent with the finding in one study that 
less sleep duration is associated with better sleep 
quality in young adults (Takeuchi et al., 2018). It is 
assumed that listening to music may help people 
develop better sleep habits and sleep more 
regularly, thus achieve better sleep efficiency. 

High expectation for sleep music effects
Participants seem to have high expectations for 
the effects of music on sleep. They expect the 
music can help them fall asleep very easily, like 
sleep pills.   
 
However, the effects of music are not instant, so 
that it might lead to some disappointments. The 
high expectation tends to happen on participants 
who use sleep music for the first time. 

 ➡ " I don't feel the music have a huge effect on me to 
help me suddenly fall into sleep very easily." 

 
The participant, who usually uses music before 
bed, tends to have a lower expectation for sleep 
music, and she knew what she wanted from the 
sleep music.  

 ➡ "The sleep music I need is to help me feel calm. 
I expect the sleep music to be repetitive and pre-
dictable."

 
This indicates that it's important to inform 
participants well about how the effects of music 
can establish after several weeks. Otherwise, 
even if music can improve people's sleep quality, 
people would drop out before the music plays an 
effect.
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Sleep music listening experience
Addressing design vision
DREAMe music achieves the design vision 
regarding the evaluation results by providing 
an overall relaxing, enjoyable, and immersive 
listening experience. Participants seem to enjoy 
the music more when listening to it after two to 
three days.  

The function of sleep music
Designed music elements can bring participants 
positive feelings in different ways. The relaxing 
feelings while listening comes from the relaxing 
features of music (tempo, frequency and timbre), 
natural sound elements, and the gradual slowing 
down of the music. 

The combination of music and environmental 
sounds has an excellent effect on helping 
participants feel immersive by creating a sonic 
environment. Apart from that, the gradual slow 
down of melody also has the effect of helping 
people be immersive.

Personalization and music effects
Participants tend to think their profile music is 
more effective, indicating that personalized mu-
sic can better fit people’s sleep and music pref-
erences. However, participants preferences to-
wards specific music elements are not included 
in the evaluation. These preferences can be very 
different for each individual. There is a need to 
combine the customization approach with the 
profile-based personalization system for achiev-
ing a more comprehensive system.

Limitations
It takes at least a day to prepare music materials 
for one participant, and there is a time limit for 
this project. Therefore only six non-patients were 
invited for the evaluation. It is recommended to 
conduct a test with more participants and include 
patients as well. 

The final music evaluation was conducted 
throughout eight days, including four days 
without intervention and four days with music 
intervention. Ideally, an evaluation for several 
weeks would give more accurate and reliable 
results.  Therefore, a long-term experiment on 
music effects is recommended afterwards. 

100MASTER THESIS



CHAPTER OVERVIEW
10.1. Project conclusion
10.2. Recommendations

Chapter 10
Next steps

101MASTER THESIS



10.1. Project conclusion

The project objective is to use music intervention 
to help patients fall asleep better in a relaxing way. 
A profile-based music personalization system 
was designed to assist patients’ sleep at Reinier 
de Graaf hospital.  

The main challenges involve:
 1. How to get an intimate image of patients’ sleep 
and music preferences? 
2.  How to create profiles that are representative 
of patients’ preferences? 
3.  How can music be delivered based on profiles?  

Research
Literature research was conducted to understand 
sleep knowledge, music as a sleep aid, and 
personalization approaches. The generative user 
research acted as a data collection process with 
the following outcome:
• Sleep & music diary as a preference data 

collection tool
• Sounds that are perceived positively/ 

negatively related to sleep
• Three sleep needs “ease, enjoyment and away 

from reality” applicable to patients
• Eleven sleep and music preference tags
  
Sleep engagement (low-high) and music 
openness (closed-open) were selected as 
two dimensions for creating profiles from the 
preference tags. After several iterations, four 
profiles were proposed: diver, explorer, observer 
and hunter, representing personal sleep and 
music preference.

Design direction
Design goal: Provide patients with personalized 
nighttime sonic environments based on their 
profiles, and help them immerse in their 
dreamscape to feel more relaxed before sleep.

Interaction quality: Relaxing, Enjoyable, 
Immersive 

Personalization system design
After the brainstorm session, a system design was 
outlined, from profile creation to system algorithm 
and sound experience. In the concept detailing 
phase, the system was designed to be more 
concrete. The profile initialization process involves 
how users can input information and generate 
profiles. Sleep music modules were regulated 
in preparation for music prototyping. After two 
separate iterative tests, insights were concluded 
for the final design. 
 
The final design, DREAMe, is an application based 
on a personalized sleep music system. The core 
functions are a sleep music profile test and 
a personalized music player. An interactive 
prototype was designed to demonstrate the 
app interfaces and interactions. Through a 
collaboration with a sound designer, personalized 
music modules were visualized and composed. 
 
The final evaluation includes two tests, the profile 
and the music experience test. Profile & product 
experience evaluation  conclusions:
• The overall product experience is easy and 

intuitive.
• People are desried to use DREAMe.
• Profiles generation logic is reasonable.
• Four profiles could represent people's 

preferences, but sleep preferences might 
change over time.

 
Music experience evaluation conclusions:
• DREAMe sleep music can help people fall 

asleep quicker and have a better sleep quality. 
• The relaxation effects of DREAMe music 

increase over time and tend to provide a more 
relaxing feeling after 2-3 days' intervention.

• DREAMe music delivers a relaxing, enjoyable 
and immersive experience for people. An 
increasing music exposure time leads to more 
obvious positive effects. 
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10.1. Recommendations

Based on the final evaluation insights, DREAMe 
can be further developed in the following aspects.

System design
Develop a generative music system
In this project, final music samples were com-
posed based on the modular music system. Com-
posing music is still manual, but it can be a valid 
step for prototyping the system. One highly rec-
ommended next step for this project is collabo-
rating with sound designers to prototype the pro-
posed music modular system in Max/MSP. In Max/
MSP program, it is possible to sequence different 
music samples based on the predefined structure 
and replace music modules based on user input. 
Therefore, building the generative music system 
only needs one step forward, transferring the 
manual process into the coding language in Max/
MSP. 
 
Having a simple generative music system can 
bring lots of benefits. For designers and research-
ers, the iteration and improvement of music will 
be more convenient because it can automate the 
music composition process and generate many 
pieces of music in a short time. Designers and re-
searchers can prototype different music versions 
by simply adjusting settings and iterate quickly. 
Users can listen to their personalized music in re-
al-time and customize it instead of waiting for the 
composed and not customizable music. Chang-
ing theme music or music duration will become 
testable functions if this system is ready to use. 

Include a feedback loop 
From the literature research, we know that the 
profile-based personalization process includes 
four steps: information collection, initialization, 
integration and update. 

This project aims to build a basic system focus-
ing on the previous three steps. Future designs 

can include the update stage in the system as 
well. Data for the system update can both come 
from the system and patients. From patients, we 
can gain subjective data, like sleep quality, listen-
ing experience and emotions. Patients can report 
their subjective sleep experiences and how they 
think about the music after one night’s listening. 
We can gain objective data from the system like 
sleep characteristics, including sleep latency, du-
ration, efficiency, and sleep patterns. Sleep track-
ers like Fitbit can be combined with the application 
to measure data. Based on a reasonable interpre-
tation of data feedback, the system can be iterat-
ed and developed for better catering to people’s 
sleep needs. 

Behavioural design
Build a sleep music listening habit
There is a design opportunity for building long-
term sleep music listening habits. People are 
desired to try out the product, and whether they 
will continue to listen is largely affected by first-
hand experiences. People who have not tried 
music before tend to have a quite high expectation 
of the music effects. However, the music effects in 
aiding sleep might not be instant. A longer time 
of music listening might be necessary for people 
to experience the real effects of music on sleep 
quality.  Hence, there is a need to use design to 
control patients' expectations and motivate them 
to listen to music regularly to achieve better 
effects. Patients who will stay for a shorter period 
at the hospital can start listening to the music 
even before being hospitalized. Some behavioural 
models like the Fogg model (Fogg, 2009) can be 
applied for supporting the design.

Guidance for the way of listening
The design can be designed to guide patients to 
listen to the music in an intended way. The illus-
trations in DREAMe app is designed to evoke pos-
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itive associations. However, illustrations can only 
guide the imagination about the environment. In-
dications about how people may pay attention to 
some parts of the music are needed. For example, 
one participant thought that the slowing down 
of the music was not as effective as the guided 
meditation. One reason could be that participants 
are constantly guided by the verbal instructions 
in mediation, while there is no guidance in mu-
sic listening. Therefore, it is suggested that text or 
audio guidance of the music can be given before 
the music starts as a variation.
 
On the other hand, delivering freedom in listening 
might bring a sense of autonomy to patients. In 
the future, a test between how people listen to 
the music can affect the sleep music effects might 
help decide whether guidance in music is needed.

Customization design 
Customization in musical elements
Customization is considered an important next 
step. From the final evaluation, it is found that 
even though people in specific profiles tend to 
enjoy certain types of sleep music, the musical 
elements also impact how people like the music. 
Take the preference of musical instrument sounds 
as an example. Some people who do not like pi-
ano sounds might not like the piano part of the 
sleep music, although the sleep music fits their 
other preferences well. In the research phase, 
nine tags other than sleep engagement and mu-
sic openness were derived, including: “sleep con-
cerns”, “external support”, “relatedness”, “estab-
lished sleep routine”, “mood”, “relationship with 
music, instruments”. These tags cannot repre-
sent a broad aspect of preference compared with 
sleep engagement and music openness, but they 
are suitable for building customized features. De-
signers can further develop the customization 
features based on the defined preference tags. 

Explore variations in user input music
In the final design of DREAMe, users were asked 
to provide their favourite music, and they were 
free to choose what type of music they wanted 
to use. However, favourite music is also context 
related. The music features of the uploaded mu-
sic can influence the generated music and influ-
ence how people feel when listening to it. A user 
who usually listens to dancy and dynamic music 
might upload one rock music. Even if the extracted 
melody of the music is slow and easy, it may still 
evoke exciting feelings and emotions.

In the future, designers can explore what kind of 
indications or restrictions can be provided. For ex-
ample, start by asking the user to select what kind 
of feeling they would like to feel when listening to 
sleep music.  Then, they can provide one or sever-
al pieces of music that can evoke desired feelings. 
The indications can ensure that music brings the 
desired emotions.
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Appendix A.  Project brief
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Appendix B.  Project proposal 
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Appendix C. Explorative interview questions
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Appendix D. The dairy question list
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Appendix E.  Diary version 1 
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Appendix F.  Diary version 2 
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Appendix G. The diary example
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Appendix H. Diary results  -1 

Four booklet results are presented in appendix as examples.
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Diary results  -2
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diary图

Diary results - 3
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Diary results - 4 one digital version
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Appendix I. Diary and interview results table
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Appendix J.  Profile iteration questionnaire
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Appendix K. 
Product and profile experience questionnaire
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Appendix L.
Sleep music evaluation questionnaire - 1
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Appendix M. 
Sleep music evaluation questionnaire -2
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Appendix N.  Sleep music evaluation materials

Test 1 Test 2 

Particip
ants Questionnaire 1 Sequence Profile link Music playlist Questionnaire 2

P1
https://forms.

gle/HvUFZYVThNcdRbMu
8

ODHE 
*Obsever, 

Diver, Hunter, 
Explorer

https://xd.adobe.
com/view/45f61171-

cb0b-4831-8084-
5aa2b5792565-10a5/

https://soundcloud.
com/dd-ee-

197392689/sets/slee
p-music-for-1/s-
dx2iNkw9yPS

https://forms.
gle/sxe7a7FSqoamjbBQ

7

P2 https://forms.
gle/Bt2LfEbzdVK1sHLf6

DEHO

https://xd.adobe.
com/view/cd122761-

9924-49dc-bd50-
7a88a6923a10-

9841/?
fullscreen&hints=offf

https://soundcloud.
com/dd-ee-

197392689/sets/sleep-
music-for-2/s-
z8s57BZObT1

https://forms.
gle/w3c4irRRYJ3aLQLb

7

P3 https://forms.
gle/UDbcw97VkS1i1PkH8

HOED

https://xd.adobe.
com/view/22cec40a-
0b2d-4259-b0ca-

5ff921930c33-779d/

https://soundcloud.
com/dd-ee-

197392689/sets/sleep-
music-for-3/s-
jHBrpdILAPw

https://forms.
gle/faExB7XSDT6FwtC

N6

P4 https://forms.
gle/HTKxF7cmqq6nyk7H7

EDOH

https://xd.adobe.
com/view/34619297-

aad3-49b9-9248-
acdf8cd49cda-6132/

https://soundcloud.
com/dd-ee-

197392689/sets/sleep-
music-for-p4/s-
w6lAXvBvLTN

https://forms.
gle/rbPwcaDnDhZqe2B

z9

P5
https://www.wenjuan.
com/s/UZBZJvPcLQ6/  

*This participants cannot 
access google from.

OEHD

https://xd.adobe.
com/view/9f061270-

b7bf-4ec6-95bf-
5fdbf6f36389-ca55/

https://soundcloud.
com/dd-ee-

197392689/sets/sleep-
music-for-du-2/s-

z6aea1Jb9ZH

https://www.wenjuan.
com/s/Jv2QZjQ

P6 https://forms.
gle/QNr1vKzTXfAg4Hsf8

DHEO

https://xd.adobe.
com/view/960832f7-
2d88-4326-b045-

937f06287198-c35b/

https://soundcloud.
com/dd-ee-

197392689/sets/sleep-
music-for-6/s-
itzTEKKsAq4

https://forms.
gle/wjRKWDRejVN7C1

Uj8

134MASTER THESIS



Appendix O.  Final evaluation data table - 1
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Before design intervention

Please rate your last 
night’s overal sleep 

quality

When did you fall 
asleep last night? 

When did you get up 
today? 

How long did it take 
you to fall asleep? 

I fell asleep easily.
I feel relaxed before 

falling asleep. 
I chose

How long did 
you listen? 

When I listen to 
it, I feel relaxed. 

When I listen to 
it, I feel 

enjoyable. 

When I listen to 
it, I forget the 
outside world.

P1

5 00:40:00 07:26:00 15 min 5 2
Explorer 

music
5min 5 6 5

6 01:30:00 07:11:00 2 min 6 4
Explorer 

music
5min 5 6 5

5 12:40:00 06:55:00 7min 6 5
Explorer 

music
7min 6 7 5

6 01:30:00 07:30:00 5min 7 4 Hunter music 5min 7 7 6

P2

6 11:30:00 08:00:00 20min 7 7 Diver music 20min 7 6 7

5 00:00:00 07:50:00 10min 4 3
Observer 

music
10min 6 7 5

5 00:30:00 08:00:00 1h 1 3
Observer 

music
15min 7 5 3

5 00:00:00 07:30:00 10min 7 5
Observer 

music
7min 7 6 6

P3

6 02:00:00 09:00:00 1 hour 2 3
Observer 

music
11 minutes 5 6 4

6 01:00:00 08:50:00 30 minutes 4 6
Observer 

music
11 minutes 6 7 5

5 00:40:00 08:40:00 20minutes 6 7
Observer 

music
11 minutes 7 7 6

7 01:00:00 09:30:00 20 minutes 6 7
Observer 

music
11 minutes 7 7 6

P4

6 00:40:00 08:13:00 20min 6 7
Explorer 

music
25min 7 5 6

5 01:00:00 08:45:00 30min 4 4
Observer 

music
25min 4 4 5

6 00:40:00 08:30:00 10min 7 6 Diver music 10min 6 5 7

6 00:45:00 08:00:00 10min 7 6
Explorer 

music
10min 6 5 6

P5

6 00:50 07:40 1min 7 7 Diver music 1-3min 6 6 6

5 10:00 05:43 10min 5 5 Observer music 5min 5 5 5

6 10:45 06:30 2 6 6 Hunter music 5min 6 6 5

7 10:20 05:30 3min 7 7 Observer music 3min 7 6 6

P6

4 22:10:00 05:15:00 40min 3 3 Hunter music 30min 2 2 2

6 22:00:00 07:10:00 20min 2 2 Hunter music 2min 5 3 5

5 22:00:00 04:00:00 15min 6 6 Hunter music 10min 5 4 3

6 22:00:00 05:00 10min 5 5 Hunter music 10min 5 5 6
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