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and movement sensors, the Haptic Lullaby measures if the child is 
awake or not, and it will turn on the vibration when lots of sound 
and/or movement is detected. When everything is quiet again, the 
vibrations are turned off.

The graduation project’s goal was thus to design a vibrating sleep 
product for young children to help them fall asleep more easily. What 
was designed in the end was not only the product itself, but moreover 
a methodology on how to design and evaluate such a product. Which 
context factors are relevant? What kind of issues arise in a vibrating 
product for young children? These kinds of questions are addressed 
during the project. As there is very little research done on the 
sleepiness of different vibrations, an initial model of characteristics 
and factors that determine the sleepiness of a vibration is offered. 
Also new is the ranking of thirteen different vibrations and vibration 
patterns on their sleepiness. Further research is needed to validate 
this ranking with a bigger sample size. During the project, the 
assumption is formulated that what feels sleepy for an adult does 
not differ much from what children perceive as sleepy. Research 
results indicate that this assumption could be true. This implies 
that future design validation and research on sleepy vibrations can 
be done with adults instead of children, which is easier to conduct. 
Further research with a bigger sample size and a more controlled 
research setting should validate this assumption.

The thesis furthermore communicates a vision of what possibilities 
are for a haptic, vibrating sleep product. Its research activities 
contribute to the fields of haptics and child research, and have value 
for companies who want to design research based sleep products.

Young children often have problems sleeping. Some are afraid of 
the dark. Or wake up multiple times during the night. Another just 
does not want to go to bed or lays awake for a long time. Whatever 
the reason, a lack of sleep makes the children tired during the day. 
For parents, their child’s wellbeing is important, so they want them 
to sleep well and be energised during the day. A lack of sleep or low 
quality sleep does not only have a negative influence on daytime 
functioning, but also on a child’s cognitive development or behaviour. 
When a child wakes up often during the night, it influences the 
wellbeing of the parents, as they sleep worse too. Something a lot of 
parents do is walk with a stroller till their baby sleeps. Driving around 
in a car is done with older children. Both involve rhythmic motions 
and vibrations. Inspired by those phenomena, this graduation project 
explores if and how vibrations can help young children fall asleep, 
and a product is designed around that.

The final design concept is the Haptic Lullaby, a smart mattress that 
uses vibrations to help children between 1 and 5 years old fall asleep. 
The mattress consists of materials that ensure the vibrations are 
transported throughout the whole product, while also feeling soft 
and comfortable when lying down. Whichever position the child 
prefers to sleep in, they will feel the vibrations. Research indicated 
that a lullaby-like vibration works best when felt through the 
mattress. The combination of sound and vibrations together create 
a sleepy experience. One of the options to start the vibrations in the 
Haptic Lullaby is through an app on the parents’ phone. This allows 
for remote control without entering the child’s bedroom. Another 
option is to turn on the smart function of the mattress. With sound 

Executive summary
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•	 Binaural beats - a type of relaxing music. To two frequencies that 
differ slightly in frequency, for example with 5 Hz, are combined. 
Your brain processes it in such a way that you hear the difference 
as a tone.

•	 Haptic Lullaby - name of the final product
•	 Haptics - Multidisciplinary field of science that studies and 

develops experiences of touch. The field includes haptic 
technology, art, product and interface design, but also psychology 
when looking at haptic perception or communication.

•	 Sleep better / improve sleep - when these formulations are 
used in the report, an improvement in either sleep quality, sleep 
quantity or reduced time needed to fall asleep is meant.

•	 Sleep hygiene - the rituals and practises that someone has 
related to day and night rhythm and sleep. Good sleep hygiene 
practises promote sleep, while bad ones obstruct sleep.

•	 Sleepy vibration - A vibration that helps to fall or stay asleep. 
Also used to describe vibrations that participants found suitable 
to fall asleep with or that felt sleepy for them during this project.

•	 White, pink and brown noise - three related types of audible 
sound or music that claim to improve sleep.

Glossary
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The Haptic Lullaby was researched and designed in three main 
phases: discover, three design elements and evaluation & final 
design.

The project kicked off with the discover-phase, in which context 
research was conducted. This research consists of three parts: 1) 
literature review, 2) analysis of the current sleep product market, and 
3) context research through interviews with parents. An in depth 
understanding of the context of children and sleep was gained. 
Other outcomes were a list of potential sleepy vibrations or vibration 
modes and a visualisation of the current scenario. Interview insights 
resulted in product requirements and wishes and in two personas.

After the first context research phase, the project segmented into 
three design activities. These were the vibration design, form design 
and implementation design. The vibrations are the essential design 
element of this graduation project, and the main focus of research. 
With the list of potential sleepy vibrations coming forth from the 
context research phase, a research setup was made to assess their 
sleepiness for adults. This research could not be executed without 
a working prototype. Therefore the form design activities had to 
advance. First explorations were done on different vibration actuators 
in combination with different types of materials to decide which 
material-actuator combination is most suitable for prototyping. 
Then a decision had to be made on the overall shape of the product 
prototype. For several reasons, a smart mattress was selected as a 
product concept. Alongside this choice, considerations were made 
regarding the future use scenario.

Design Process
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The last phase of the project focused on evaluation 
& final design. Prototype explorations had led to a 
prototype usable in tests with adults. These tests 
were the input for research with children. During 
both tests, the sleepiness of several vibrations 
were rated. Through an online questionnaire 
opinions, needs and wishes from parents were 
gathered on the Haptic Lullaby product. Lastly, 
some additional market research was done on 
smart mattresses and lullabies. All these activities 
led to the final research outcomes and final Haptic 
Lullaby design.

Graduation / Haptic Lullaby
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Introduction & problem definition
children. Studies have indicated that rocking vibrations during sleep 
can be beneficial (Perrault, 2019). Inspired by this phenomenon, 
this graduation project came to life, resulting in the Haptic Lullaby 
product design. The research and design activities were done with 
Dutch children between 1 - 5 years old as a target group. Why this 
age range is chosen will be explained in chapter 2.2
.
For ease of writing, the word parents will be used in the report. 
However, children taken care of by other caretakers than their 
parents, for example by one parent or non-parent caretaker(s) 
are not excluded. The children and their parents or caretakers are 
important stakeholders of the Haptic Lullaby. Children are the users, 
while parents are the main stakeholders. They are the ones buying 
the product and including it into the household rituals. Children 
between 1 - 5 years old are very young, so they need their parents in 
the process of getting ready for bed. Furthermore, it is the role of the 
parents to establish a healthy sleep-wake routine for the children, 
which also includes daytime sleep at this age. Other stakeholders 
are grandparents, often babysitting their grandchildren; siblings; 
babysitters; daycare employees, who have to put the child to bed 
during the day and deal with a tired child if he/she slept badly during 
the night; and for the oldest children of the target group teachers, 
classmates and school friends are also stakeholders, with whom 
the child has to socially interact during the day, even when he/she 
is tired.

Children below five often have problems sleeping. Some are afraid 
of the dark. Or wake up multiple times during the night. Another just 
does not want to go to bed or lays awake for a long time (Galland, 
2010). Whatever the reason, a lack of sleep makes the children tired 
during the day. For parents and caretakers the child’s wellbeing is 
important, so they want their children to sleep well and be energised 
during the day at school. A lack of sleep or low quality sleep can not 
only have a negative influence on daytime functioning, but also on 
a child’s cognitive development or behaviour (Galland, 2010). When 
a child wakes up often during the night, it influences the wellbeing 
of the parents, as they sleep worse too (Galland, 2010). It does 
not matter how high end and expensive your own mattress is as a 
parent, if your child wakes you up during the night, you will still sleep 
badly too.
 
According to Galland et al., establishing a good sleep hygiene is a 
solution to sleep problems (Galland 2010). A good sleep hygiene is 
achieved by having regular bed and wake times, consuming healthy 
food and drinks, exercising enough and implementing consistent 
bedtime rituals. However, even when sleep hygiene is well, sleep 
problems can occur and it can be difficult to find out why the child 
is not sleeping well, or to overcome the unwillingness of the child 
to go to bed. Something a lot of parents do is walk with a stroller 
till their baby sleeps. Driving around in a car is done with older 

01
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These questions will be answered through research and design 
activities in two main phases: the discover phase, where literature 
research, product market analysis and a semi-structured interview 
with parents will be presented; and the design phase, where research 
and design activities are divided into three design elements. These 
elements are: the form design, implementation design and vibration 
design. Together they inform the final design of the Haptic Lullaby 
and they form the basis for several future research directions.

A main opportunity is the will of parents to get the best for their 
children. If a product helps children, parents are likely to be interested. 
Moreover, new parents easily spend lots of money during the first 
few years of their child’s life. For example, UK parents on average 
spend 10.000 pounds on baby preparation and first year expenses 
(Loveday, 2019). Another clear example is the amount of money 
going into baby showers, which usually cost between $100-$1000 
dollars (Dunn, 2021), gender reveal parties, first birthday celebrations 
and other “first time” events of a child’s life.

From this problem definition and scope, the following research 
questions came forth:

- Main question: Can a vibrating product help young children fall 
asleep more easily, and if yes, how?

- Sub question 1: What are relevant context factors of young children 
with sleep problems?

- Sub question 2: Which vibration(s) is/are or vibration pattern is 
most sleep inducing for young children?

- Sub question 3: What kind of product shape and interaction 
matches with those vibrations and the users?

Graduation / Haptic Lullaby
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2.1 Introduction	

2.2 Literature review

2.3 Current product market

2.4 Context research: 
Parent interviews

Discover 
phase
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Designing a product includes gaining an in-depth understanding of 
the user, current products and problem context. For this graduation 
project, the context of children and sleep thus had to be investigated. 
The context naturally involves the parents of the children, who bring 
them to bed every evening. But what do parents exactly do when they 
bring their child to bed? Or when their child can not sleep? What does 
science know about sleeping well? Is there scientific knowledge that 
indicates what kind of vibrations could promote sleep? And lastly, 
which products are currently on the market to help people sleep? 
The discover phase investigates these among other questions and 
can be divided into three parts:

1) Literature about children, sleep, 
and vibrations relating to sleep; 
2) Current sleep product market; 
3) Context of children and sleeping. 

Together these three parts form the design space of this graduation 
project. The gathered information informs product requirements and 
explains important factors from the design problem: bad sleeping 
children between one and five years old. Design decisions at later 
stages of the project are made with the context research in mind. 
The first design element coming forth from the three researches is 
a list of potential sleepy vibrations and vibration patterns. Secondly, 
three context themes were found and described.

2.1 Introduction
Introduction
The literature review can be structured into a few themes and topics. 
These are: sleep and sleep of children; factors that influence sleep; 
and research methods with children. All the gathered information 
together deepens the knowledge on the problem definition described 
in chapter 1. It also helps to understand the problem complexity.

Sleep is an essential activity for humans. At night our brains process 
events of the day and prepare us for the next. Inadequate quality or 
quantity of sleep can have a negative impact on daytime functioning 
(Galland, 2010). Sleep is not only important for adults with busy 
work schedules, but from an early age onwards. Sleep problems in 
early life have for example been linked with later behavioural and 
emotional problems (Galland, 2010). In children sleep problems can 
also lead to overweight or obesity and negatively influence maternal 
well-being and family functioning (Galland, 2010).

Sleep of adults follows cycles that consist of four stages, shown in 
figure 1. Specific brain activity characterises each stage. An adult 
first goes through three non-rapid eye movement stages, before 
entering the rapid eye movement phase, in which we tend to dream 
the most (Suni, 2020). The third phase, called slow-wave sleep, delta 
sleep or deep sleep (Suni, 2020) is where the restorative function of 
sleep happens (Garcia-Molina, 2017). Two main processes together 
regulate sleep onset and waking time: process S and process C. The 
first process has to do with the time a person is awake, while the 

2.2 Literature review

Importance of sleep
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Figure 1: Sleep cycle

It can be quite a challenge to put young children to bed. Common 
sleep problems are bedtime resistance, delayed sleep onset and 
frequent night waking (Galland, 2010). Litsenburg et al. indicate that 
older children suffer more from sleep onset delay, insufficient sleep 
duration and daytime sleepiness, while younger children suffer from 
bedtime resistance, sleep anxiety, night awakenings parasomnia, 
and sleep-disordered breathing (Litsenburg, 2010). Sleep problems 
are furthermore quite frequent in toddlers. Twenty to thirty percent 
of them take more than an hour to fall asleep (Feldman, 206). One 
of the possible solutions to a bad sleeping child is to follow good 
sleep hygiene practises (Galland, 2010). Someone’s sleep hygiene 
consists of their sleep practises or habits. Good sleep hygiene 
promotes a consistent day-night rhythm and avoids actions that 
obstruct sleep (Galland, 2010). Apart from poor sleep hygiene, 
causes for a bad sleeping child can be: daytime napping outside daily 
practice; too early bedtimes; caffeine-containing food or drinks; and 
physical discomfort or illness (Galland, 2010). Another study found 
a correlation between daytime activity and sleep quality. A lack of 
activity during the day leads to sleeping problems (Nixon, 2016). 
Some environmental factors are important for sleep quality as well, 
like light, temperature, sound, vibration, and oxygen density (Kimura, 
2017). These factors are thus important to be aware of and keep 
consistent when conducting sleep research during this graduation 
project.

Since sleep practises of children differ from those of adults, and 
children are not able to keep them consistent without help of their 
caretakers, the Haptic Lullaby should be designed with the specific 
needs and sleep habits of children in mind.

second involves someone’s daily rhythm and is parallel by changes 
in your core temperature (Waterhouse, 2012). The quality of sleep 
is mainly dependent on two factors: the continuity, also called sleep 
efficiency, and the depth of sleep, for which deep sleep is most 
important (Garcia-Molina, 2017).

The sleep of children differs from adults, not only in the time spent 
in each sleep cycle, but also in the total time slept per day (Thorpe, 
2015). Especially babies and toddlers have multiple sleeps during 
the day. Newborns spent way more time in REM sleep (about 50%) 
than adults. This slowly changes until a child turns 5. Around that 
time he or she has similar sleep cycles as adults (Suni, 2020).

Sleep problems of children
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In general, there has been little to no research on the possibility to 
help people fall asleep with feelable vibrations. There are however 
a multitude of hearable vibration types that claim to be able to help 
people sleep. Music is a well known example of this, and studies 
have proven its effects (Karvurmaci, 2019) (Lai, 2006). 

Other types are still common, but a little less known. Examples 
are white, pink and brown noise. However, there is no conclusive 
research on those sounds. From white noise it is proven that it 
can help mask sounds (LaMotte, 2021). This can be especially 
helpful for nightly workers who have to sleep during the day. But 
the immediate effect of white noise on sleep quality is still debated. 
Nonetheless lots of people use it to fall asleep. So what is it? White 
noise got its name as reference to white light. From white light it is 
common knowledge that it contains all colours of light. White noise 
is built up in a similar manner, but with audible sound. It consists of 
frequencies humans can hear, so between 20 and 20 000 Hz, all in 
the same amplitude or intensity (Castro, 2013a). In pink noise the 
intensity changes a little: when the frequency increases, the power 
per hertz decreases. This makes the lower frequencies louder than 
the higher ones (Castro, 2013b). Brown noise contains even more of 
those low, bass frequencies (LaMotte, 2021). The effects of the three 
different colours of sound seem to differ, although research findings 
are again not conclusive. Pink noise for example seems to be able 
to improve memory and prolong sleep when played during sleep 
(LaMotte, 2021), and all of them could help fall asleep by being part 
of your own special sleep ritual. Other research highlighted negative 
impacts of the noises. The noises could lead to hearing damage 
when played at a too loud volume for a long time (LaMotte, 2021), 
or to more disruptive sleep, even though the time to fall asleep is 

Sleep and sound vibrations shorter (Geddes, 2020). Lastly, sleep experts have concerns that not 
switching off your auditory system for the whole night will have a 
negative impact (Geddes, 2020). However, there are studies done on 
auditory stimulation during sleep and its effect on slow waves. As 
mentioned earlier, slow wave sleep happens during the third stage 
of a sleep cycle. Multiple studies found that auditory stimulation 
increases slow wave activity during sleep (Tononi, 2010) (Garcia-
Molina, 2007), of which one also indicated an improvement in 
memory consolidation (Garcia-Molina, 2017). 

A special kind of auditory stimulation is binaural beats. Binaural 
beats consist of two auditory stimulations with slightly different 
frequencies. The result is a tone similar to the frequency difference 
(Wahbeh, 2007). Binaural beats have the ability to enhance brain 
activity. Depending on the difference in frequency, a different kind of 
binaural beat can be created, targeted to enhance specific kinds of 
brainwaves (Rishika, 2021). Listening to binaural beats during sleep 
helps to sleep more soundly (Rishika, 2021).

As mentioned before, very little research has been done on feelable 
vibrations and sleep. A few cases were found that show vibrations 
are a viable direction to improve sleep. For example, two studies 
tested Whole Body Vibrations (WBV) in a bed prototype. One of these 
beds was inspired by the phenomenon of feeling sleepy on a riding 
train. The vibrations of the train, which have a low frequency, make 
people fall asleep during the ride (Kimura, 2017). The mechanical 
bed was found to decrease sleep latency because of its vibrations, 
the sensible and insensible ones (Kimura, 2017). Another study 
with a vibrating bed showed an increased sense of comfort and 

Sleep and other vibrations

Graduation / Haptic Lullaby

15

2.1



an improved sleep quality (Utami, 2018). It was furthermore found 
that low-frequency vibrations below 2.0 Hz, and smooth vibrations 
without jerking, helped best to induce sleep (Kimura, 2017). Lastly, 
one study showed that low intensity, low frequency vibrations are 
associated with low arousal, which could help with sleep. However, 
they were also associated with low valence (Mazzoni, 2015). Looking 
at the complete research field, most Whole Body Vibration research 
has been done on its effects related to exercise and therapy, and not 
on sleep. There is thus a research gap that the Haptic Lullaby can 
tap into.

A different type of vibration that has been studied is Beat Frequency 
Vibration (BFV). BFV is the resulting vibration pattern of two vibration 
frequencies that are combined, or superposed (Himes, 2021). A 
preliminary study suggests that BFV could be beneficial for sleep 
by decreasing sleep latency, reducing conscious awareness, and 
increasing sleep drive expression during the deeper sleep stages 
(Himes, 2021).

Other papers have looked at rocking vibrations and sleep. Perrault et 
al. applied gentle rocking vibrations during whole nights and during 
naps. The vibrations promoted deep sleep and memory consolidation 
in healthy sleepers during the night (Perrault, 2019), and shortened 
sleep latency, increased time spent in non-rapid eye movement 
(NREM) sleep, and enhanced sleep spindles when applied during a 
45-minutes nap (Perrault, 2019). One of their findings is also proven 
in the study of Bayer, who found that the transition from waking to 
sleep was smoothened by slow rocking vibrations. The duration of 
N2 stage sleep was also increased (Bayer, 2011).

In summary, the described literature on auditory vibrations and 
sensible vibrations shows the potential of vibrations for sleep, that it 
is a feasible direction to do more research in. Because secondly, the 
literature shows there is a research gap for which specific vibration 
frequencies, amplitudes patterns or combinations of vibrations can 
contribute to sleep.

Several sleep products or sleep meditation methods on the market 
claim to help you sleep by making you relaxed. The question arises: 
are sleep and relaxation connected? If yes, this would be helpful for 
product validation, as it is easier to describe if something is relaxed 
than if it makes you sleepy. Looking at literature, there are indications 
that relaxation can contribute to improved sleep. Breathing exercises 
result in a relaxation response, which calms the mind and relaxes 
the body (Newsom, 2020). The relaxation response is the opposite 
of the stress response (NCCIH, 2021) The slow and deep breaths 
taken during relaxation exercises create a feeling of wellbeing and 
lower your heart rate and blood pressure. All these changes can 
help you fall asleep (Newsom, 2020). Breathing exercises are not 
the only techniques to help relax. Others are progressive relaxation, 
autogenic training, guided imagery or visualisation, biofeedback-
assisted relaxation, and self-hypnosis (NCCIH, 2021). According to 
the U.S. National Center for Complementary and Integrative Health, 
these techniques themselves do not directly help you sleep. However 
they do improve your mental health (NCCIH, 2021), which is part of 
your sleep hygiene. Neuendorf et al. conducted a literature review 
on mind-body interventions and sleep, and found suggestions that 
relaxation techniques can be useful to improve sleep (Neuendorf, 
2015). Another study showed improved sleep after progressive 

Sleep and relaxation
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relaxation techniques, but no improvement in daytime functioning 
(Means, 1999). So in conclusion, relaxation is not a one-on-one 
measurement for sleepiness or a guarantee for better sleep, but 
it contributes to good sleep hygiene and is the opposite of stress, 
something that definitely doesn’t help you sleep.

An interesting study has been done on vibrations and relaxation. 
The application of a maternal heartbeat vibration in a product called 
Mimo seemed promising for relaxation in infants. The infants showed 
shorter recovery time from discomfort after diaper change and cried 
for a shorter period (Chen, 2015). Other comforting techniques are 
skin-to-skin care, playing audible music and aromatherapy (Chen, 
2015).

Doing research with children comes with a particular set of 
challenges. More so when studying sleep and children, because 
their sleep patterns are different from adults. The targeted age range 
during this graduation project is from one till five years old. People 
that have sleep problems at a young age are likely to have emotional 
problems, like anxiety, or behavioural problems, like aggression, later 
in their lives (Litsenburg, 2010). An early intervention at a young age 
could therefore help a person their whole life. However, within this 
age group of 1 -5 there are still a lot of differences that need to be 
considered. These differences will be discussed in this section.

Children develop a lot from the time they turn one till the time they 
become five year olds. Somewhere between one and two years 
old, the preschooler turns from a baby into a real toddler. From age 
four or five, children in the Netherlands will go to school for the first 
time in their lives. The development of a child can be broken down 
into multiple aspects, or lenses. There is 1) physical development, 
what can a child purposefully do with their body?; 2) perceptual 
development, what can a child perceive from its environment?; 3) 
cognitive development, what kind of mental thinking can a child 
do?; 4) language development, how much can a child talk and how 
complicated is their grammar?, 5) self/personality development, is 
the child aware of the difference between you and I? And who am I?; 
and 6) social-emotional development, how does the child interact 
with others? And which feelings can the child have and understand? 
(Bee, 2004). In the epilogue of their book, The developing child, Bee 
and Boyd (2004) give an overview of child development across 
ages on these six developmental lenses. When they describe a child 
of twelve months, a child can typically crawl on their own, stand 

Age group 1 till 5: the development of a child
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Still there is a huge gap between a five year old preschooler (or in 
Dutch: ‘’kleuter’’ in the “kleuterklas”),  and a six year old elementary 
schooler (in the Netherlands: groep drie van de basisschool). As Bee 
and Boyd say:
 

                                                      (Bee, 2004) 

The targeted children for this graduation report are therefore 
maximum five years old, and not six. The chosen age group is 
already quite different on developmental level, but would be too big 
if age six or up was included. Lastly, age five marks the end of sleep 
cycles that are dissimilar from adults, thus adding to the reasons 
why five is the maximum age. Below the age of one year old, the 
child is a real baby, not able to talk or communicate much beyond 
crying or laughing. Studying or testing prototypes with babies is 
therefore much more complicated. Furthermore, including babies 
would enlarge the developmental range of children greatly. To keep a 
focused, defined design space, babies were therefore excluded from 
this project. It could very well be that the final vibrating product is 
also suitable for users beyond the studied age group, but that will not 
be within the scope of this graduation project.

without help, just or just not walk on their own, discriminate facial 
expressions, achieve simple problem solving with their actions, and 
is about to speak their first words. A pivotal change that has occurred 
is understanding object permanence. When a child understands 
object permanence they know an object cannot suddenly disappear 
from existence, even when it is out of sight (Piaget, 1954). Shortly 
after becoming one year old, the child will gain self-awareness and 
will start to play with peers. The child is on an emotional level easily 
scared of strangers, and their empathy is egocentric (Bee, 2004). 
Lots of things change when a child goes from just being a toddler to 
being a preschooler, almost ready to go to school. A five year old can 
climb the stairs one step at a time, hop and skip, play ball games, has 
grown from four-word sentences to using past tense, plurals, passive 
sentences and tag questions, and is able to use symbols (Bee, 2004). 
A child’s self-definition consists of comparing his or herself with 
others based on age, size and gender and by the age of five or six the 
self-definition will be elaborated with physical properties or skills. 
Gender stability has been formed and the child is in the process of 
achieving gender consistency. The child becomes less attached to 
the parents and has empathy for someone else’s feelings. Playing 
has transformed from simple pretend play into cooperative play, 
which can have multiple turn-taking steps, and sociodramatic play. 
Friendships have started to form. On cognitive level, perspective 
talking, an understanding that things can be false or true, that others 
have a mind and feelings as well and an understanding of the concept 
of conservation of number and quantity has been developed.

“There seems to be widespread recognition that a 6-year-old 
is somehow qualitatively different from a 5-year-old: more 
responsible, more able to understand complex ideas.”
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adult will look positively on the child. Children are also not used to 
being taken seriously by adults (Punch, 2002). The child will do this 
instinctively, because they need adults to get what they want in life 
(Punch, 2002). Furthermore, a careful consideration should be made 
on the location of the research. Performing research at a school 
could give children the feeling that there are wrong answers, even 
if there are not (Fargas-Malet, 2010). However at home the parents 
would probably want to be present, which also influences the child’s 
answers (Fargas-Malet, 2010).

For all research that involves children, researchers should be aware 
that their caretakers must give permission for their participation. It 
is however also important to look at the willingness of the child to 
participate, and at their level of comfort and distress. Verbal clues are 
clear indications, but attention should be paid on body language as 
well. Especially for children who don’t talk yet, this is important. With 
these clues, a form of “assent” can be given by the child (Fargas-
Malet, 2010).

Important for the researcher to overcome all these differences and 
to get “assent” from the children is to build up a relationship of trust 
(Punch, 2002) (Fargas-Malet, 2010). Starting with familiar and non-
threatening topics helps to gain trust (Fargas-Malet, 2010).

The mentioned differences and difficulties lead to the question: how 
should researchers adapt their methodology doing studies with 
children? Several papers have proposed an answer to that question. 
Gielen summarises several papers that focus on co-design and 
context mapping with children (Gielen, 2015). Two of the insights 

As prototype research with children was planned for this graduation 
project, literature was searched on how to best conduct research 
with children. 

Firstly, differences between doing research with adults and children 
should be explained. Most apparent is the different use of vocabulary 
(Punch, 2002). Children from one year old cannot speak full 
sentences yet, and up till five year old children will still have a more 
limited vocabulary than grown-ups. But that is not the only thing 
that differs in language. The words children use to explain the same 
aspect can be different, they also use their vocabulary differently 
(Punch, 2002). Together these two aspects of language lead to a 
problem understanding each other correctly. Clarity of language is 
an obstacle working both ways (Punch, 2002). A second difference 
is that children have been through less experiences in their lives. 
This means they have less knowledge of or insight in how something 
will feel, work, look like, etc. Explaining their experiences is therefore 
more difficult. Lastly, children will typically have a shorter attention 
span than adults.

On top of those differences, there are several factors that complicate 
research on or with children for the adult researcher. One has to do 
with the fact that the researcher is not a child anymore. This means 
that he or she will never be able to completely immerse themselves 
in and understand the world of a child (Punch, 2002). Alongside this 
understanding problem, the children also know, maybe unconsciously, 
that they live in an adult-dominated world (Punch, 2002). Answers or 
reactions children give to adults during research will thus be fitting 
in an adult-child relationship and are usually inclined to ensure the 

User research with young children: methods and considerations
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gathered are to provide clear language, add examples and to place 
the children in the real context you want them to comment on or 
design for. Other interesting findings have been summarised by 
Gielen in table 1. Table 1: Co-design challenges with children. (Gielen, 2015)
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themselves. Another common method are diaries with tasks about 
certain topics or activities (Fargas-Malet, 2010).
- Worksheets. Good for gathering detailed information, but very 
dependent on level of literacy (Fargas-Malet, 2010).
- Use of stimulus material or prompts. Options for this are written 
text, pictures, feelings, faces or cards. Pictures help to facilitate 
communication about difficult topics (Fargas-Malet, 2010).
- Observation. This method is best used with very young children, 
before they can take part in interviews or become aware of the 
researcher’s presence (Fargas-Malet, 2010).
- Questionnaires. An option for children are self-completion 
questionnaires. Pros: relatively quick, potential to reach large sample 
size, standard data. Difficulties: level of literacy needed, scary to 
answer face-to-face with strangers, difficult to answer, give an 
answer even though the child doesn’t know, dependent on biases 
(Fargas-Malet, 2010).

There is also the option to combine the methods explained above. 
The unequal power balance that an adult researcher has with a 
participating child can be reduced by combining visual and written 
methods. Combining methods can also allow multiple children to 
participate in a research at the same time. This however makes it 
more difficult to discuss everything that comes up during a session. 
Therefore observations should be added (Punch, 2002).

According to Punch, researchers should combine research methods 
traditionally used with adults with techniques more adapted to 
children. In this way you prevent research methods that are only fun, 
not generating any useful data (Punch, 2002). So which methods are 
suitable for use with children? Examples from the papers of Punch 
and Fargas-Malet et al. are the following:

- Drawing technique. Very useful to get creative and engage the 
children actively. Also good as a warm-up activity (Punch, 2002). 
Compared to interviews gives the children more time to think and 
reflect (Fargas-Malet, 2010). Limitations: ability to draw and limited 
range of visual images. Tip: ask why did you draw this? instead of 
what is this? (Punch, 2002)
- Photographs. Fun, visual and relatively easy. Copying friends 
is harder (Punch, 2002). Suitable as prompts and shows own 
experiences, beliefs and emotions (Fargas-Malet, 2010). Limitations: 
seasonal events or highly situational photos are easily included. 
Desire to make photos the child wants to keep (Punch, 2002). Tip: let 
the participants look over the photos first, so they can remove “bad” 
ones (Fargas-Malet, 2010).
- PRA (participatory rural appraisal): spider diagrams and activity 
tables. In an initial research stage this is very useful to define 
important elements of the researched aspect. Limitation: follow-up 
research is needed to discuss the findings of the PRA (Punch, 2002).
- Participatory techniques. Charts and diagrams: enables self 
expression. Ranking stimulates discussions. Q-methodology is a 
ranking exercise with the option to analyse non-textual data (Fargas-
Malet, 2010).
- Diaries. Provides insights into everyday life and rituals. Limitations: 
level of literacy of the child (Punch, 2002). Life story books can be 
used to let a child think of past experiences and therefore talk about 
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not. For children between one and five years old strangers can easily 
be scary (Bee, 2004). Therefore the child will trust the researcher 
more and feel more comfortable if a parent or caretaker is present. 
Conducting research at their own home in either the living room or 
bedroom is preferable, so that the test is done in the real context, 
making it easier for children to imagine and place the product. 

Image 2 gives an overview of important factors researchers have 
to take in mind when doing research with children. Research during 
this graduation project that involved children was set up with the 
information of this chapter in mind. The gathered information made 
it possible to choose a fitting method, namely observation, for the 
children of one year old that can not talk yet. Thoughts were put 
into the location of tests and the effect of having a parent present or 

Figure 2: User research with children, important factors
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One product category of the market focuses on controlling physical 
factors of the bedroom environment, for example light intensity or 
temperature. Products like light blocking curtains, sleep masks, 
earplugs, blankets, sleeping bags and night lights belong to this 
category. Some products that fall into this category also use pressure 
as a sleep strategy. Especially for children who have a Sensory 
Processing Disorder (SPD), a tightly tucked blanket or a weighted 
blanket can make them calm and ready to sleep (Grandin, 1992). 
Weighted blankets are also used for adults with a SPD.

Diving into the current sleep product market not only helps to see 
gaps in the market, but is also insightful when forming a view of 
the context of children and sleep. First, products were searched that 
target children specifically. Then smart sleep products and sleep 
products with interesting interactions were added. Products are called 
smart products when they include digital, connected, responsive 
and intelligent elements in their design (Raff, 2020). These products 
often measure at least one variable from the environment or user, 
and adapt their product function(s) or output accordingly. Products 
were found by searching for articles that for example list “the best 
sleep products of 2021” or by using search terms like “child sleep 
product”, “smart sleep product”, “interactive sleep product”, “(smart) 
relaxation product” or “child bedroom product”. However, of most 
products their scientific basis was unclear. Philips is a company 
that researches and tests their products thoroughly. So therefore 
an overview was created of all Philips health products that relate to 
sleep. 

Introduction
2.3 Current product market

Environment

Figure 3: Sleepy environment  products
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Other products promote sleep by adding comfort or improving your 
sleep position. Examples are pillows and mattresses.

New to this area is the market of smart mattresses. These mattresses 
have extra functions that adapt to the user. An example is the Eight 
Sleep Pod Pro mattress, which has smart functions like temperature 
control on both sides of the bed, using sensors to track biometrics 
of the user and adapt accordingly, and GentleRise Smart Alarm, 
which wakes you up with gentle vibrations and temperature change 
(Eightsleep, 2022). The sensors in the bed also track your sleep and 
an app is provided that shows insights to the user. The 360° smart 
bed of Sleep Number includes responsive air technology to adjust the 
firmness of the mattress to user and sleep position (SleepNumber, 
2022). It also comes with an app that shows your sleep cycles. 
The pressure adjustment, temperature control and sleep tracking 
functions are present in the ReST Smart bed too (ReST, 2021). Most 
of these mattresses use special materials or material structures 
to improve comfort, support or cooling alongside their other smart 
functions. An interesting example is the Purple mattress (Purple 
Innovation, 2022).

Comfort & sleep position

Figure 5: Eightsleep, ReST mattresses,  Purple and Sleep Number

Figure 4: Pillows and mattresses
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Autonomic Nervous System (ANS) of our body and consists of three 
parts. The sympathetic nervous system regulates someone’s “fight 
or flight” response, while the parasympathetic nervous system does 
the opposite and is active in rest (Oers, 2019). The enteric nervous 
system is the third part of your ANS, works independently of the other 
two systems and is responsible for digestion. Over-activation of 
your sympathetic system disturbs the balance of your ANS, leading 
to a higher heart rate, shallow breathing and thus to sleep problems 
(Oers, 2019). The Somnox tries to activate the parasympathetic 
system by slowing down the user’s breathing pattern when they 
breathe along with the Somnox robot. During a first user research of 
the company, the Somnox helped 54% of the participants fall asleep 
quicker, and 84% indicated it helped them relax during the month of 
testing (Oers, 2019). The Somnox also uses music and the feeling of 
affection people get when holding the breathing, organic shape to 
decrease stress.

Moonbird is also a product related to relaxation. It is a handheld 
device that expands and retracts according to a breathing rhythm, 
just like the Somnox. The aim is to provide focused, calm breathing 
meditation in an intuitive way.

According to literature, breathing techniques can help to relax, easing 
the process of falling asleep (Oers, 2019). The Somnox is a great 
example of a smart product that uses breathing support to help 
you fall asleep. The scientific background of the Somnox lies in the 

A large group of smart sleep products focuses on scheduling the 
day-night rhythm to improve that aspect of the user’s sleep hygiene. 
The products in this category that are targeted at children usually 
take shape as some kind of smart clock plus lamp combination. For 
adults there are lights as well, for example the Philips Wake-up Light, 
but other product forms like apps or diaries exist too. The apps and 
diaries aim to track your habits or even sleep cycles and change your 
behaviour in such a way that your sleep rhythm improves.

Day-night rhythm

Breathing & relaxation

Figure 6: Day-night rhythm products

Figure 7: Somnox Figure 8: Moonbird
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Rocking babies
Another product category focuses on babies and sleep. When parents 
want their babies to sleep, they often walk around rocking their baby 
on their arm. Baby rockers and swings provide similar movement, 
using the rocking vibrations to make the babies fall asleep.

Sounds & music
Other parents go for a walk with a stroller, in which the vibration of 
the wheels over the pavement make the child sleepy. What could 
make this experience even more sleepy? According to the next 
product category sleepy music and noises. Multiple products use 
heartbeat, nature, rain or ocean sounds. Or lullaby music, white, pink 
or brown noise. All these different sound options aim to calm a child 
down, speeding up the transition from wake to sleep. Different form 
options exist on the market. From a device on a stroller, to a plush 
toy, night lamp, clock, or (speaker) box: it all exists. However, most of 
these products are plush toys if children are targeted. Examples can 
be seen in figure 10.

Figure 9: Baby rocker and swing

Figure 10: Sound & music products
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Most of the products above have some output that the children feel, hear or see. A last 
category of products has output for parents when their child sleeps. Firstly there are baby 
monitors, which almost all parents have. Lots of different options exist here. Some with 
sound, others with video and sound, some you can talk back to your child, others not. Music, 
tunes and lullabies are also common. New high-tech versions even include night vision 
temperature or humidity data of the room, motion sensors, and breathing, temperature 
and heartbeat of the child (Toompas, 2020).

Furthermore, several products were found that include movement 
or vibration in a different way than rocking or sound. These are 
a massage device, a vibrating pad that can be placed under a 
mattress, and a vibrating bassinet called BassiNest, that also uses 
white noise alongside its vibrations. From the website of HALO, the 
producer of the BassiNest, it is unclear if the effects of the vibrations 
have been researched or not (Halo, 2022). Another interesting 
product that clearly conducts research on its vibration effects, is 
the Apollo Neuro. Their research focus lies on reducing stress and 

Movement & vibrations

Figure 11: Left to right: massage product, vibrating pad, the BassiNest and the Apollo Neuro.

Communicative products

Figure 12: Baby monitors from Philips

Heart Rate Variability (HRV). If someone has a high HRV, the speed 
of their heartbeat adapts quickly. For example, during exercise or 
stress your heart should start to beat faster. But when reading a 
book, your heartbeat should calm down again. HRV is related to the 
parasympathetic and sympathetic systems that the Somnox also 
referred to. Therefore it is often used as a biometric to measure 
someone’s stress level. The Apollo Neuro uses HRV as input for its 
smart vibration functions, and researches how their vibrations can 
increase HRV (Apollo Neuroscience Inc., 2022).
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A well known company that specialises in smart 
products and technology is Philips. One of their 
departments focuses completely on health and 
sleep is a big part of their health product portfolio. 
Figure 14 shows all their sleep health products. 
The Wake-up light has been mentioned before, 
and their Better Sleep Program and DreamMapper 
are examples of sleep diaries and sleep tracking 
products. Two other products of Philips, the 
Snoring relief band and Deep Sleep Headband use 
vibrations in their design, however very differently. 
The Snoring relief band vibrates before snoring 
starts to guide the user to a side sleeping position in 
which they will not snore. The Deep Sleep Headband 
uses sound waves that are non audible for humans 
to enhance brain waves during deep sleep. The 
enhanced waves increase sleep quality. The Deep 
Sleep Headband is not on the market yet, but is to 
be released soon. Lastly, Philips has a product that 
improves breathing for people with sleep apnea. 
The product includes a mask plus a machine and 
can be combined with the DreamMapper app.

A special kind of baby monitor is the Owlet 
Dream Sock, which does not only have the 
goal to tell you if your child sleeps or not, 
but to track all kinds of vitals. Parents get 
an overview and analysis of their child’s 
data in an app. The app also includes a 
digital sleep coach (Owlet, 2022). Philips sleep products

Figure 14: Sleep products by Philips

Figure 13: Owlet baby monitor sock
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There are many different ways in which these products try to improve 
sleep. Therefore the sleep strategies from the current product market 
were derived and summarised. The following strategies were found:

•	 Control day/night rhythm
•	 Vibrations
•	 Pink/white/brown noise
•	 Pressure
•	 Sleep position / comfort
•	 Daily routine / tracking habits
•	 Air & breathing
•	 Temperature

Table 2 shows per product category which of these strategies are 
most often used, with an example product alongside it.

However not all found products are based on scientific research or 
knowledge. The next step was thus to make an overview in which 
the found literature was matched with the products. Which products 
make sense looking at literature? And which links between products 
and theories or literature can be made? The outcome can be seen in 
figure 15.

Product market analysis

Table 2: product strategies per category
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The result is a visual that shows different 
aspects of the large sleep research field and 
product market, and the connection between 
several of those aspects. For example, lots 
of literature emphasises the importance 
of a good day-night schedule and multiple 
sleep products match with this. From the 
idea that your sleeping environment has to 
be good, several directions spread. There is 
the option to control environmental factors 
or to increase comfort, but also to provide 
a feeling of presence with breathing or 
heartbeat or to soothe someone to sleep 
with sounds. 

The overview helps to understand the 
complexity of the context and to break it 
down into these elements, relationships 
and into themes. Together with information 
discovered during the parent interviews, 
three themes would be found. These 
themes will be explained as part of the 
interview conclusions in chapter 2.4.

Figure 15: Market + literature overview
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were asked to perform a short timeline (drawing/writing) exercise 
to document and talk about the process of putting a child to bed. 
The questions to lead the semi-structured interview can be found in 
appendix 1. They are in Dutch because the participating parents were 
Dutch. The questions were centred around the following themes: 
child sleep rituals, child sleep problems, child bedroom context.

A total of eleven interviews were held with Dutch parents of children 
mostly aged 1 - 5. Some participants had slightly older or younger 
children. The parents were recruited through a call for help on 
Facebook. Their children preferably had sleep problems, though 
this was not a strict condition for participation, as the goal was to 
understand the whole context of children and sleep. Three families 
had a slightly difficult sleeping child or children and two had (a) 
very difficult sleeper(s). Nine of the participants were mothers. In 
the other two interviews both the father and mother participated. 
The children themselves did not take part. The participating families 
had either one, two or three children, of which most two children 
(six out of eleven), and the least one child (two out of eleven). If a 
parent had multiple children with one or more older than 5, they were 
asked to focus on the child(ren) within the targeted age group. The 
study information can be found in appendix 2, and the consent form 
template in appendix 3.

The product plus literature overview and the three themes already 
give a valuable view into the context of children and sleep. However, 
to be able to understand problems within the context real personal 
experiences should be added. Since I am not a parent myself, the best 
way to gain an understanding is to hear the experiences of parents 
themselves. Interviews were planned with the goal to explore and 
gain knowledge of the context of children’s sleep (problems) and 
the process of putting children to bed. Aspects like habits, problems, 
needs and wishes of the parents were of interest. Parents are also 
the most important stakeholders besides the children for the Haptic 
Lullaby and therefore important to take along in the design process. 

The research questions guiding the interviews were the following:

1. What are relevant context factors considering children and 
sleep(problems)?
2. Which sleep problems do parents/caretakers face when putting a 
child to bed? 
3. What are common sleep rituals that parents have when putting 
their children to sleep?

The context research consisted of semi-structured interviews of 
about 20 minutes. Both online and in person interviews were possible, 
either decided by the participants or dependent on the distance from 
the home of the researcher. Within these interviews the parents 

2.4 Context research: Parent interviews
Introduction & research questions

Method

Participants
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To analyse the interview data, statement cards were made according 
to generative design research methodology described by Sanders 
and Stappers in their Convivial Toolbox (Sanders, 2012). During 
this process, a translation was made from Dutch to English. The 
statement cards were then placed into clusters. The first clustering, 
see figure 16, created a nice overview of the gathered data, but the 
clusters themselves seemed obvious and not very insightful. It 
mainly shows some negative influences on child sleep, some positive 
influences, and product needs and wishes of parents. Therefore an 
iteration was made. The second clustering, see figure 17, resulted in 
better clusters with more in depth insights.

For example, the cluster named “expected sleep” gives a new view 
on the aspect of sleep rhythm. It informs that not only clear, fixed 
rituals in a scheduled rhythm improve sleep hygiene, but that for 
children it is also important to know when this ritual will start. Parent 
participant 2 said: “It is important that the start of the bedtime ritual 
is clear too. For example, I tell my oldest child: in five minutes the 
clock hand is at the top and then you will go to bed. Or before he 
was learning to tell time, we would set a kitchen timer.”  Parents 
indicated that knowing when bedtime will start makes their children 
less reluctant to go to bed.

Another interesting cluster is that of “special/new sleep”. That 
structured rituals and rhythm is important was very clear. However 
sometimes, a change in the bedtime rituals was what helped a child 
sleep. Products that seem to work during the first use or first week of 
use, but slowly lose their effect over time belong to this cluster. But 
also events that make sleep for the child special. A good example 

Hypotheses

Results

Figure 16: First clustering of the statement cards

Before the interviews hypotheses were formed alongside the 
research questions:

H1. Parents of children with sleep problems will have tried out 
different methods and/or products to improve the situation.
H2. Parents have certain habits/rituals they perform with their 
child(ren) when putting them to bed.
H3. There are different problems regarding sleep at different ages of 
a child.
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The statement cards that form the cluster “stay 
in bed” all indicate that calming down a child that 
wakes up during the night can best be done without 
getting the child out of bed. In this way, it is still 
clear that it is bedtime, not wake time. 

“Safe control” has two different explanations. One 
explanation is from the perspective of parents, who 
want to have control over the output or functions of 
sleep products to make sure they are safe for their 
children. The second is from childs’ perspective. 
Children do not control when their bedtime starts, or 
which rituals going to bed consists of, their parents 
mainly do. However, some feeling of control over 
this process can help them to feel safe. Therefore 
many bedtime rituals include small elements that 
the children suggested to their parents. Things like 
“He wants to choose the colour of the light with 
which he goes to bed” or the fact that the child can 
choose a bedtime story show this.

The “explaining child” cluster means that from age 
two à two and a half, when the child starts to speak 
full sentences, they also gain the ability to explain 
why they can not sleep, what is wrong or keeping 
them busy. “Two sides of advice” has to do with the 
contradiction that parents like to hear how others 
deal with sleep problems of children, but that they 
also get negative, unwanted advice by parents who 
judge them for having a bad sleeping child. 

was given by parent  participant 5, whose youngest child occasionally did not want to 
go to bed. This mother told me: “Sometimes I would let her choose in which bed she 
wanted to fall asleep. In which bed do you want to stay over? One of your brothers’ 
beds? It will be our little secret.” The mother explained that this worked well, because 
it was different and special, a little party. Therefore she did not allow it very often, it 
should stay special. In conclusion, sometimes new stimuli or events can help children 
fall asleep, as long as it is not too disruptive. The bed choice worked because the child 
could choose herself.

Figure 17: Second clustering of the statement cards
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help a child fall asleep, even though they break the normal rhythm. 
New products that only work for a short period of days also fall into 
this phenomenon.

Product related insights:
- Parents want to have influence on/ control over the product.
- Products will only be used if they fit with household rituals. So there 
is a need for personalisation.
- Not only physical safety is important for parents, but also the ability 
to give a safe and soft feeling to their child.
- Before a certain age no plush toys or other stuff is allowed in bed, 
because of the risk of suffocation.

The titles of the other clusters can be taken literally for what the 
cluster contains. The complete interview notes can be found in 
appendix 4, the timelines in appendix 5, and the individual statement 
cards can be found in appendix 5.

The insights from the statement cards and clusters are listed below. 
General insights that contain information probably obvious for 
parents, but new for me as a non-parent were added as well.

Insights about children and sleep:
- Structured rhythm and rituals are of high importance.
- Fear of abandonment around age 1,5 is one of the most problematic 
phases.
- Parents don’t think very quickly about buying a product to improve 
sleep, but first change behaviour and rituals, or ask around for tips.
- Toddlers also need (at least one) sleep during the day, not only 
babies.
- There is a difference in the daily structure between mothers who 
give breastfeeding vs. giving a bottle; with breastfeeding parents 
feed on demand and with bottles you feed at regular times.
- From age 2 à 2,5 children gain the ability to explain what’s wrong.
- For most children the following applies: after a busy day with 
irregularities, falling asleep is harder.
- Other parents can be very judgemental when you have an extremely 
bad sleeping child.
- Not only the ritual or rhythm itself, but also a clear start and end of 
the bedtime ritual is important.
- Bedtime rituals are decided by the parents, but the child also wants 
some control. “She really wanted the door open.” or “He likes to 
choose the colour of the lamp to fall asleep with.”
- There is something about new, special events that can actually 
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indicated that the process of calming the child, leaving the room and 
having to return when the child is afraid of being alone often has to 
be repeated multiple times. The emotion graph shows that during 
these iterations, the emotions of the parents become more negative, 
as they get desperate to get their child to sleep. The relief is therefore 
also greater when the child finally does. It is this cycle where most 
opportunities for product interventions lie. If the amount of cycles can 
be reduced, the parents’ emotions get less negative. Another option 
is to prevent the cycles from happening altogether, by intervening 
before the child starts to cry or by comforting the child without the 
need for parents to enter the bedroom. These two options not only 
prevent the negative crying cycles, but also the negative end result 
an exhausted parent whose whole evening is gone.

From the interviews, especially from the timeline exercises, 
a generalised current scenario could be made. This scenario 
summarises actions parents go through when putting their child to 
bed, or when their child wakes up during the night, as well as their 
emotions. The scenario, see figure 18, is from a parent’s perspective, 
who has a bad sleeping child and follows one evening from the 
moment the ritual of getting the child ready for bed is started till the 
child falls asleep. The top row shortly describes the actions of the 
parent(s). The middle row is focused on sleep product touch points 
and the bottom row is a graph about the emotions of the parent(s). 
The y-direction shows how positive (above the line) or negative 
(under the line) emotions are, and the x-direction is the time. The 
graph splits into two lines at the point where the parent has to 
return to the bedroom of the child because the child cries. Parents 

Figure 18: Current scenario
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From the results, several conclusions could be drawn. First of all, 
product requirements could be formulated, see table 3.

Conclusions

Secondly, three context themes were discovered when the knowledge 
from the interviews was combined with the product-literature 
overview of chapter 2.3. The themes consist of aspects that recurred 
across and within the interviews, and that have a relationship with 
the current product market and literature too. The three themes are 
the following:

1. Environment control
There are several products that have the strategy to control 
the environment in order to improve sleep. Examples are light 
blocking curtains and sleep masks. Literature shows that specific 
environmental factors can improve or disrupt sleep. From the 
parents’ perspective, this theme has to do with parents adjusting 
and personalising the environment in such a way that it is most 
suitable for their child.

2. Structure/Rhythm of sleep and sleep rituals
The second theme highlights the importance of a healthy bedtime 
ritual that generally follows a set structure or rhythm. Literature 
about good sleep hygiene contributes to this theme. A lot of parents 
said something about how strictly they follow their structure and 
what their rituals are. Looking at the product market, the indication 
of sleep or wake time is especially present in products of Philips, 
but also in some other products. Examples are the Philips Wake-up 
Light, or a clock that has an awake or sleeping face.

Table 3: Product requirements
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Whatever sleep product design would come out of this graduation, 
it had to deal with these three themes. The themes show an 
overarching layer of the project complexity, while specific insights 
like parent quotes and the current scenario present an in depth, small 
scale layer.  The three themes will inform future design decisions and 
together with the other insights from the literature review, current 
market analysis, and parent interviews they form the design space 
of the Haptic Lullaby project.

3. Presence (of a person)
The third theme, presence, needs some more explanation. It is 
based on the fear of abandonment phase parents indicated for 
children around 1,5 years old, but holds true for other age groups 
as well. It means that children feel safer and therefore sleep better 
when they have the feeling that they are not alone. Especially having 
their mother around can be important. A heartbeat vibration in the 
Mimo pillow, different sounds in a plush otter or the voice of a parent 
through a baby monitor; these kinds of products give a feeling of 
presence to a child. Add to these products the literature that shows 
benefits of (maternal) heartbeats and skin-to-skin care, and the third 
theme comes together.

Figure 19: Three context themes
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The first persona is a mother of one young, bad sleeping child (1 
- 2 years old). She is new to parenting, so often asks for help from 
friends and family. She has also joined a mom facebook group, since 
some people close to her tend to judge her for having a bad sleeping 
child, which she is sad about. Products have to fit household rituals, 
but moreover have to match her own feelings and beliefs. She is 
usually the one of the couple to bring the child to bed.

The method of personas is often used in design processes to 
empathise with the user, reduce complexity and guide design ideation 
or design decisions (Dam, 2021b). Therefore the information from the 
parent interviews was incorporated in two personas. The personas 
also inform the project by making clear who will be designed for. It 
gives the designer an overview of important behaviour, needs and 
wishes. Personas thus help to make design decisions that benefit 
the future user.

2.5 Personas

Figure 20: First persona
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having two children requires more. They also still need to fit with her 
rituals and beliefs. The oldest starts to gain the ability to explain why 
sleeping is hard, or what the problem is. Daddy usually brings the 
oldest to bed, and she the youngest.

The second persona is a mother of two children (1 and 3 years old), 
of whom the youngest sleeps much worse than the eldest did at that 
age. She is frustrated by this and wonders why. For most things she 
relies on her experience with the first child, so she asks less for help 
from others. Products now have to be more practical than first, since 

Figure 21: Second persona
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The design space, see figure 22 consists of insights from the 
literature research, product market review and parent interviews. 
The insights were combined, summarised and added to the 
context visual made for the design brief of this graduation 
project, which can be found in appendix 19. The inner circle 
includes important factors belonging to the context close to 
children, while the ring around shows factors more loosely 
related or less important to children and sleep (problems). All 
elements were categorised into parts of the design space: the 
physical, emotional, social or developmental context. These 
parts together show the complexity of the design space and the 
design problems inside it. To keep the project manageable and 
focused, the decision was made to not focus on how (sleep) 
habits can be formed or changed with a product, but on the 
question how vibrations can help sleep. The vibration itself is 
the main design element and contribution of the Haptic Lullaby. 
Another choice that was made after making the design space 
visual is to stay within the context of a child’s home, leaving out 
daycares or other locations where children might sleep.

The fact that sleep is something private and personal can also 
be concluded when looking at the visual. Most of the factors 
were placed in the context most close to the children. This is 
quite logical, because most sleep rituals regarding children 
are social interactions with the people they are the most close 
with: their parents.

Now that the design space has been formed and relevant 
background information on vibrations, sleep, current products 
and the user context has been gathered, the design of the 
Haptic Lullaby product can be started. The design process can 
be divided into three parts: the form design, implementation 

2.6 Design Space

Figure 22: Design Space

design and vibration design. Before exploring how the Haptic Lullaby will 
be used in the implementation chapter, and how possible vibrations can 
be tested in the vibration chapter, a form had to be designed for the Haptic 
Lullaby. The next chapter, describes how iterative prototype explorations 
lead to a form design and a prototype ready for testing.
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3.2 Prototype explorations

3.3 Design iteration

3.4 Prototyping for user tests
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The first prototype exploration was meant to test different locations 
on the body: how does the experience of the vibration change per 
location? To test this, a simple prototype had to be made that 
can be held and placed freely on a body, and of which vibration 
characteristics like frequency and amplitude could be modified 
easily. Therefore a suitable actuator and product material had to 
be selected.

Many different actuators can produce vibrations. In a lot of 
products like your phone or tablet, small vibration motors give 
tactile feedback. Vibration motors come in all kinds of types and 
forms. However not all types have the possibility to independently 
alter the frequency and amplitude. For example, in one of the most 
common types, Eccentric Rotating Mass motors, a non-symmetric 
mass is rotated, producing movement that causes a vibration. The 
only controllable parameter is the speed of the rotation. Therefore 
amplitude and frequency of the vibration can not be set separately 
(PrecisionMicrodrives, 2021). Linear Resonant Actuators and 
speakers are based on the same principle (PrecisionMicrodrives, 
2021).They produce air (sound) waves when a mass or cone 
moves back and forth because of a changing magnetic field 
(Seydel, 2017). The frequency and amplitude can be set separately.

A special kind of speakers are called tactile transducers or bass 
shakers. These speakers are specialised in playing low frequency 
sounds (Ouellet, 2017). Common applications of bass shakers are 
home theatres, game applications (virtual reality, racing simulators, 
game chairs, controllers) and special effects in amusement parks. 

In this chapter the design process of the first element of the 
Haptic Lullaby will be explained: the form design. Three iterative 
prototype explorations were done alongside a design ideation on 
several concepts. Combined they led to a prototype design that 
can be used during user tests.

To explore possible product forms, materials and interactions, 
prototype explorations were done. The research questions that 
led the explorations are:

•	 What is the effect of location on the body on how vibrations 
are perceived?

•	 What kind of sound accompanies certain vibration frequencies?
•	 How can vibrations be felt throughout a product?
•	 What is the effect of different materials on the feeling of a 

vibration?
•	 What are possible vibration patterns that could help fall asleep?
•	 Which single frequency vibration is most sleepy?
•	 What product form suits the context and allows for feeling a 

vibration while trying to fall asleep?

These questions were explored in three iterative prototyping 
phases. With each iteration, the explorative activities became more 
targeted, testing out specific elements of the research questions. 
For each phase different prototypes were made. Explorations one 
and two were self tests. The third exploration was done with two 
other designers.

3.1 Introduction 3.2 Prototype explorations
First exploration, self test
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The vibrations for example had to be stronger when placing the 
bass shaker on your back, compared to placing it on your belly. Any 
location close to the head was perceived too intrusive, and not calm 
enough for sleeping. This still seemed the case when put under a 
pillow. The audible sound was also too loud. The locations most 
suitable for sleeping, judged on comfort and calm or relaxed feeling, 
were the back, belly, chest or hands.

Because the frequency and amplitude of a bass shaker is very easy 
to modify, and many different options are available on the market, 
a small bass shaker was selected for the first prototype. The 
exploration with this prototype consisted of a self-test. Different 
vibrations were placed on different locations on the body, like hands, 
upper leg, lower leg, arm, neck, back and belly. Very clear was that 
the same amplitude was not suitable for every location. This is in line 
with scientific knowledge on the intensity of our touch sense over 
the body (Schott, 1993), see figure 23. 

Figure 23: Homunculus, showing the size of brain areas related to our Somatosensory and Motor sys-
tems (Schott, 1993)
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The follow-up test consisted of encapsulating the bass shaker in 
different kinds of foam, and playing several vibration patterns. 
The combination was then placed on the locations that felt most 
relaxed during the first exploration, so beck, belly, chest and hands. 
As sensitivity of the touch sense differs between these locations 
and different materials dampen the vibrations in a different way, 
the amplitude of the vibrations was adjusted per location and per 
material. Two foam types were used: a hard, non-flexible styrofoam 
and a soft, flexible foam. A combination of the two was also tested.

The used vibration patterns were two types of white noise, one pure 
white noise and one white noise plus womb sound combination, a 
heartbeat and a single frequency of 40 Hz. The frequency of 40 Hz 
was selected, because multiple literature sources show interesting 
benefits of this frequency. It seems to have a positive effect on 
the brain of people with Altzheimer’s disease (Olson, 2021), and 
could enhance working memory when listened to as binaural beats 
(Jirakittayakorn, 2017). For each material plus vibration combination 
the following qualities were described and rated: what the vibration 
felt like; relaxed/sleepiness; pleasantness of the feeling; what the 
accompanying sound or noise sounded like; and noise pleasantness. 
These findings were reported in an excel table. Remaining remarks 
were noted down in a separate column. The complete results can be 
found in appendix 7.

First exploration, self test

Figure 24: Top: Hard & soft foam. Bottom: Bass shaker in foam.
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To answer these questions, a prototype session was planned 
with artist Laura A Dima and fellow student Amy den Dekker, who 
also, just like me, had done an internship for Laura. Laura is an 
independent artist who has worked a lot with silicone. In Laura’s 
studio in Amsterdam, more shapes and materials could be explored, 
and the initial findings about vibration location on the body and 
vibration patterns could be validated with the opinions of Laura and 
Amy. Furthermore, a different kind of actuator was brought along: 
the Lofelt L5 actuator. This is a very small haptic voice coil actuator. 
For the prototype session, one L5 actuator was soldered to the 
Atom Echo, a small Bluetooth speaker, in such a way that it replaced 
the speaker of the product. This actuator was included in the test 
to understand how a different actuator influences the feeling of a 
vibration through a material. The materials that were used in the 
exploration can be seen in figure 25.

Different conclusions can be made from the prototype exploration. 
Looking at material properties, the soft foam dampened the 
vibrations a lot more than the hard foam. The hard foam diffused the 
vibrations quite well over its surface, making the vibration feelable 
throughout the piece. The hard foam was however, contrary to the 
soft foam, unpleasant to hold. Therefore a combination was made to 
test if this will result in the best of both. It was concluded that there 
is the possibility to get the pleasant touch of the soft foam and the  
diffused vibration of the hard foam, if the thickness of the soft layer 
around the hard foam is optimised more. The vibration that scored 
highest on pleasantness, both to feel and hear, and on sleepiness was 
the pure white noise. However, the difference between the vibrations 
was not big. From this exploration, new research questions arose: 

•	 Are diffused vibrations more pleasant in a product than point 
vibrations?

•	 If yes, how can vibrations be felt throughout a product? How can 
the vibrations be diffused?

•	 Does the type of actuator that produces the vibrations have an 
influence on how a material diffuses a vibration?

These questions were added to the research questions mentioned 
earlier in 3.1 and explored during the third prototype exploration.

Iteration on prototype explorations

Figure 25: Prototype materials
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The bass shaker was then placed on other artworks and leftover 
pieces of silicone, and the same result was achieved. The silicone 
seemed to isolate the vibrations. However, the result was different 
when the Lofelt L5 actuator was used. For this actuator, the vibrations 
were felt stronger through silicone than for the bass shaker.

Another interesting result from the session was a relationship 
between prototype shape and vibration feeling. It was noticed that 
the form influences how a person prefers to hold the prototype, 
and also how much noise is produced when the prototype lays on 
a table. Round or cylinder shapes allow for holding and hugging. 
These shapes also produce less sound when laid on a table. This 
can be explained by the size of the area that touches the table, which 
is smaller than for a square or rectangle.

To experience how silicone affects the vibrations, the DaytonAudio 
bass shaker was first placed underneath one of Laura’s artworks, 
The Finger Rub Rug, as can be seen in figure 26. This mattress sized 
work consists of 1300 realistic looking silicone replicas of the fingers 
of the artist’s partner. When exhibited, the artwork is placed in a 
dedicated room with specially designed sound. A heating structure 
and heartbeat vibration is placed under the mattress. Visitors are left 
alone in the room and are free to explore the artwork how they want 
(Laura A Dima, 2022).

It was clear that the vibrations did not travel far through the silicone. 
At the end of the fingertips directly above the bass shaker the 
vibration could be felt, but already quite soft. Feeling further from the 
bass shaker, the vibrations were quickly not felt at all. 

Figure 26: Left: The Finger Rub Rug; middle: the DaytonAudio on a silicone artwork; right: feeling the Dayton wrapped in silicone

Graduation / Haptic Lullaby

46

3.2     



Looking at the different foam types that were used, a relationship 
can be found between density and vibration strength. The bass 
shaker was placed in or encapsulated with the different types of 
foam and the higher the density of the foam, the better the vibrations 
were diffused throughout the material. Harder foam also led to more 
sound production. The only foam that was different was the memory 
foam. The memory foam is quite soft, but diffused the vibrations 
really well. It was also relatively silent. However, for the Lofelt L5 
actuator this relationship was not true. When the Lofelt was placed 
inside the memory foam, the vibrations were much less feelable than 
with the bass shaker. An interesting observation was that Laura and 
Amy instinctively held the vibrating materials against their chest. 
They liked to hug the vibrating prototypes. During the exploration, it 
became clear that the feeling is more pleasant if the vibrations are 
diffused throughout the whole form than if the vibrations are a one 
point vibration.

The prototype exploration led to some ideas for designing and 
testing. Firstly, the idea came up to use an old MP3 player to play 
vibrations during user testing, as this is smaller and easier than a 
laptop. Secondly, inspired by the presence theme, the idea came up 
to record parents’ voices and play those vibrations during user tests 
with children. Lastly the design idea came up to “mask” ugly sounds 
of nice feeling vibrations with other sound vibrations if that turned 
out necessary after more user testing.

Figure 27: Amy holding a prototype exploration.

Figure 28: Lofelt L5 in memory foam
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listed in chapter 2.4. For example 
the requirement that a child should 
not be able to strangle him/herself 
was important, because testing 
should be done safely.

The first concept is a smart child 
mattress, made in such a way 
that the vibrations can be felt 
throughout the whole mattress. In 
whichever way the child decides to 
lie down, they will experience the 
soothing vibrations. The mattress 
is powered by a cable plugged into 
a power socket. The concept is 
shown in figure 29.

With the insights from the prototype explorations in mind, a first 
ideation phase could be started. Different product shapes and forms 
were brainstormed (see appendix 8), as well as possible vibration 
modes. The vibration modes will be explained in more detail in chapter 
5.2. Interesting wishes or ideas for sleep products that parents 
mentioned during the interviews informed the ideation, as well as the 
diverse forms and functions of products on the current market. From 
the brainstorm on product forms, three were selected and detailed 
further. They were selected on the requirements that the form had to 
be easy to prototype and test during the rest of the graduation project, 
and they had to have the potential to fulfil the product requirements 

3.3 Design ideation

Figure 29: Concept 1: Smart mattress
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The second concept consists of a vibrating pad 
that is placed under the mattress of the child. 
In this way, no new mattress has to be bought. 
The vibrations will be more localised, instead of 
through the whole bed. The pad is also powered 
by plugging its cable into a power socket. The 
concept is shown in figure 30.

Figure 30: Concept 2: Vibrating pad
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The third concept is a vibrating plush toy. Two 
form options are considered: a recognisable 
animal form that is typical for the product category 
of plus toys, so for example a bear; and a more 
abstract, organic shape that looks like a bean. The 
second is perfect for holding and cuddling, while 
the animal shape is a comfortable known shape 
for children. The concept is shown in figure 31.

Figure 31: Concept 2: Plush toy
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The most important aspect of both concepts is the vibration itself. 
Therefore a form choice that narrows down the project and product 
complexity makes sense. The mattress concept is less complex, 
because it cannot be transported to different use contexts like 
grandparents, daycare, school, sleepovers, etc. The mattress also 
has little to non complex interactions with children, so the effect 
of the vibrations will be central in prototype tests. With the plush 
toy, there is a risk that the interactions and emotional connection 
of a child with the plush will overshadow the vibration experience. 
In addition, the product market of smart plush toys is already highly 
saturated, while not a lot of smart mattresses have been made yet. 
The market of smart mattresses is new and growing, following the 
trend of smart homes. Lastly, this product form is suitable for a 
diversity of children, since the vibrations can be felt in every sleep 
position. All these considerations led to the decision to focus on 
the smart mattress concept. This concept form not only reduces 
complexity, but explores new product values and research areas as 
well.

From the three concepts two were selected: the plush toy and 
the smart mattress. These were selected because of two design 
considerations. Firstly, they are the most different in product 
interaction and form, and secondly, they are still easy to prototype 
and test with children. Furthermore, concept 2 was also the least 
inspiring or interesting. This is validated with parents in an online 
questionnaire, see chapter 4.2. Here it came forth that the pad 
concept is the least desirable and valuable for parents.  A comparison 
was thus made between the smart mattress and plush toy forms, 
see table 4.

Table 4: Concept comparison
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Now that the form of the Haptic Lullaby has been chosen, some 
prototype design choices could be made. The hard foam diffused 
the vibrations best during the prototype explorations in chapter 3.2. 
A diffused vibration suits the product shape best. Therefore a piece 
of hard foam of 60 x 120 cm was bought, which is the same size 
as a soft foam baby bed mattress from Ikea called PLUTTIG. This 
soft foam mattress was put on top of the hard foam after the pilot 
test, see chapter 5.3, to provide more comfort. The fact that bass 
shakers work well was discovered during the prototype explorations. 
Nevertheless, only one type was tested, namely the Dayton bass 
shaker. Thus two other bass shakers were self tested before one was 
put inside the prototype: one from the brand ClarkSynthesis and one 
from Reckhorn (see figure 32). A comparison was made between the 
three in terms of produced feeling and produced sound, see table 5.

3.4 Prototyping for user tests

Table 5: Bass shaker comparison

Figure 32: different bass shakers
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In conclusion, the Dayton bass shaker was still the best option, 
so this one was put into the prototype. The bass shaker can be 
controlled with an amplifier to which devices like a phone or laptop 
can be connected to play audio files. After the pilot test, a soft cotton 
mattress cover was put over the foam sheet and PLUTTIG mattress 
with the bass shaker inside it, to give the prototype a more finished 
look and keep everything together. The prototype can be seen in 
figures 33 and 34. With this prototype, user tests could be conducted.

Figure 33: Prototype for testing

Figure 34: Prototype for testing
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The main stakeholders of the Haptic Lullaby are the parents, who will not 
only buy it, but also make sure that the product is implemented in the 
bedtime rituals of the users, their children. Therefore it is important to 
take knowledge and opinions of these stakeholders into account when 
designing the Haptic Lullaby. During the interviews with parents themes 
were explored that provide general insights into the context around a 
sleep product for children. The implementation design requires more 
specific opinions from parents. What is their view on a vibrating sleep 
product? How would they like to control the vibrations? Which concept 
is most desirable? And which one are they willing to pay most for? An 
online questionnaire was set up to get answers.

The second design element is the implementation 
design, which describes how users will use the 
Haptic Lullaby if it would be implemented in real 
life. This chapter consists of two parts: an online 
questionnaire for parents, to understand their view 
on the use of a vibrating sleep product for children, 
and a use scenario, in which the findings of the 
questionnaire have been taken to describe the 
intended use of the Haptic Lullaby.

4.1 Introduction 4.2 Online parent 
questionnaire

Introduction

Method
The questionnaire was an online Google form, divided into three sections: 
general questions, three sleep product concepts, and requirements & 
wishes. The general questions were meant to check if the children of the 
participants fall within the target group of 1 - 5 years old and to introduce 
them to the topic of sleep products. The questions were in Dutch, since 
Dutch parents were contacted. Sixteen replies were gathered through 
an open Facebook call and by contacting parents who participated in 
the interviews of chapter 2.4, or the prototype research described in 
chapter 5.4. All respondents have at least one child within the targeted 
age. Seven parents require much effort to get their child(ren) to sleep. 
On a scale from 1 - 7, three of them gave a six and four gave a five for 
how much effort getting their child to bed costs. In conclusion, 43,8% of 
the participants have children with sleep problems. All questions can be 
found in appendix 9.
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The questionnaire started with asking how many children the parents 
have and how old they are. The second question asked what kind of 
sleep products they use to help their child sleep. Only one parent has 
a child that does not use a plush toy, making a plush toy the most 
popular sleep product. Also popular are bedtime storybooks (used 
by twelve) and night lights (used by nine). One of the most important 
wishes parents have for a sleep product for their children is safety 
(mentioned by five parents), shortly followed by providing a feeling of 
trust (mentioned by three).

Results
The concept that appeals most to parents is concept 3, as can 
be seen in diagram 1. From the comments can be derived that 
the plush toy appeals most to them, because the form is familiar, 
meaning they understand how the product will work, and because 
it is transportable to other locations like grandparents or daycare. 
Concept 2 was not mentioned by anyone as the most appealing. 
When looking at the two proposed shape options for concept 3, the 
recognisable plush toy was preferred over the abstract blob/bean 
shape. Eleven parents liked the recognisable plush vs. five who liked 
the abstract form better.

Concept two gives the most diverse answers on how effective and 
calming parents expect it to be, and on how interesting parents find 
the concept. More diverse answers means that people are less in 
agreement with each other. People think that concept 3 is the most 
calming, effective and interesting, with eight respondents giving a 
six or seven for all three factors. Somewhere in between lies concept 
1. It is scored lower than concept 3 and more diverse, but less 
diverse and higher than concept 2. The fact that children can lose 
concept 3 in bed was for parents the main reason to not choose that 
concept, but concept 1. What they liked about concept 1 is that the 
vibrations can be felt wherever the child lies or rolls around on the 
bed. Diagrams 2 till 10 show these results in more detail.

Diagram 1: Answers from parents, which concept appeals most?
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Diagram 2: How calming do you expect concept 1 to be for children?

Diagram 4: How interesting is concept 1 for you?

Diagram 3: How effective do you expect concept 1 to be for children?

Diagram 5: How calming do you expect concept 2 to be for children?

Diagram 7: How interesting is concept 2 for you?

Diagram 6: How effective do you expect concept 2 to be for children?
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The last section of the questionnaire explored how people 
envision the implementation of the three concepts. Diagram 11 
gives an overview of how parents would like to turn the vibrations 
on and off. One parent wants a control option on the product 
itself, while all other parents prefer remote control (five preferred 
an app, four a remote control), automatic control (five answers) 
or both (one). Parents would spend the most money on concept 
1, then concept 2 and lastly concept 3. Diagrams 12 till 14 show 
this result.

The functions that respondents would add to the sleep product 
are music or white noise. Eight parents mentioned some form 
of music, four would add white noise and two were interested in 
both. A heartbeat was suggested in the answers of two parents. 
The complete results of the questionnaire can be found in 
appendix 10.

Diagram 8: How calming do you expect concept 3 to be for children?

Diagram 10: How interesting is concept 3 for you?

Diagram 9: How effective do you expect concept 3 to be for children?

Diagram 11: Controlling the vibrations, question answers.
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Even though concept 1 is not liked the most, parents would pay 
the most money for it, indicating that the perceived value is high if 
research indicates that the vibrations work. They are just unsure 
if and how the smart mattress would work exactly. As almost all 
parents have children with plush toys, it is logical that they perceive 
that concept as more effective. 
In conclusion, both concept 1 and 3 are good options from a parent 
perspective. Parents are willing to pay most for the smart mattress, 
indicating higher viability, and see a plush toy as the most feasible.

According to parents, the most desirable scenario is to include both 
the remote control through an app and an automatic smart function 
to the Haptic Lullaby design. This will allow parents to have control 
when they want, or let the product take care of a child’s sleep for 
them.

What parents wanted to add to the product, music and white noise, 
are also vibration options for the Haptic Lullaby. These vibration 
modes could thus be vibrations that not only work for the children, 
which will be tested in the prototype tests in chapter 5.5, but that are 
also desirable for parents.

The conclusions from the online questionnaire inform design 
choices of the Haptic Lullaby. With the results of the questionnaire, it 
became clear that concept 2, the vibrating pad is least desirable. The 
complete decisions on product form can be read in chapter 3. The 
vibration design is developed in chapter 5. The scenario belongs to 
the implementation design and can be read in the rest of this chapter.

Conclusions

Diagram 12

Diagram 13

Diagram 14
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Since the concept form has been chosen in chapter 3.3, a suitable 
scenario option could be selected. The following list of wishes was 
formed to methodologically find suitable scenario options: 

The scenario should…
…allow the child to stay asleep, not waking them up
…be desirable for parents
…make the product ready for use at all times
…allow for easy transportation to other locations
…require as little effort as possible from parents
…give parents a high level of control over the vibration output
…have the most sustainable power option

In an excel sheet, all scenario options were given a ranking, showing 
to which degree they fulfil the wishes. This was done separately for 
the power methods and the vibration control options. The results are 
the following two tables 6 and 7.

The best way to charge the mattress was indeed, as initially designed 
in the concept, a power cable that can be plugged into a power socket. 
All battery options are less sustainable, because batteries include 
valuable chemical resources and with every energy transition some 

Apart from ideations on forms (chapter 3.3) and vibrations (chapter 
5.2), an ideation was also done on possible use scenarios. For the 
use scenarios, the current scenario from the interviews was taken as 
a basis. Then new scenarios were made by thinking how a vibrating 
sleep product could change the current scenario. Different ideas 
were made for the way the vibrations could be turned on or off, for 
what kind of touch-point suits this control best, and for how the 
product could be charged and powered. All the ideas, parts of the total 
scenario, were written on post-its. Then the post-its were combined 
to easily and quickly create lots of scenario options. Appendix 11 
shows all post-its and several scenario options.

4.3 Use scenario
Scenario ideation

Scenario  \   
Requirement

Desirability Readiness 
for use

Mobility Low parent 
effort

Sustainability Total rating  
(1 = best)

Power method
1 Cable, power 

socket
+ ++ -- ++ + 1

2 battery chargable 
outside product

- +/- ++ - - 3

3 battery chargable 
inside product

+ +/- + + - 2

4 battery, 
unchargable

-- -- +/- -- -- 4

Table 6: Scenario options for the power method

Figure 35: Scenario ideation with post-its
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energy is lost. The batteries also require more 
effort from parents and have the risk of running 
out of power during a night’s sleep, reducing the 
“readiness” of the product. Therefore the power 
cable is the best option.

The most preferable option to control the 
vibrations is less clear than the choice of how to 
power the Haptic Lullaby. Multiple options score 
high, as can be seen in table 7. Therefore additional 
information was collected by parents in the online 
questionnaire. The questionnaire results mapped 
the desiredness for certain scenarios. Parents 
preferred an app to control the vibrations as well as 
a smart function that senses if the child is awake or 
not and adapts the vibrations accordingly. These 
were thus given ++ as a score for desirability.

For the final design these are also the two options 
that are included, because they scored high on the 
scenario wishes and are desired by parents. The 
chosen use scenario for the Haptic Lullaby can be 
seen in figure 36.

Scenario  \   Requirement No potential 
to wake up

Desirability Readiness 
for use

Mobility Low parent 
effort

Level of 
control

Total quality 
(1 - 5)

1 Vibration control method

2
start & stop: phone 
message + voice control

+ ++ +/- +  (phone) - ++ ++

3
start & stop: baby monitor 
buttons/touchscreen

+ +/- - ++ +

4
start & stop: voice control 
parents near product

-- - - + -

5 start & stop with crying + ++ ++ -- +

6
start & stop: lots of/ no 
child movement

+ ++ ++ -- +

7
start: cry + press button by 
child

- - ++ ++ child      
-- parent

-

8
start: cry + press button by 
child and parent

- -- - ++ --

9

stop: grip loosens on 
product by falling asleep

- -- (not 
matching 
mattress)

-- (product 
falls, no 
vibe)

- -- ---

10
stop: X-time later than 
start, autoset

- +/- ++ -- -

11
stop: X-time later than 
start, set by parents

+ +/- + ++ ++

12
stop: X-time after crying 
stopped, set by parents

++ +/- + + ++

13
start & stop: presence of 
crying + movement

++ ++ ++ ++ -- +

Table 7: Scenario options for controlling the vibrations

Figure 36: Use scenario of the Haptic Lullaby
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The hypotheses for these research questions are:

•	 H1: Some vibration patterns will feel more sleepy than other 
vibrations.

•	 	 SubH1: Around 30 - 40 Hz will be found most relaxing or 
sleepy. Literature suggests that low frequency vibrations result in 
less arousal (Mazzoni, 2015) and 40 Hz seems to have beneficial 
effects (Olson, 2021) (Jirakittayakorn, 2017), so therefore this 
hypothesis is formed.

•	 	 SubH2: White noise and lullabies are most used in sleep 
products for children, so the hypothesis is that they will work 
best.

•	 	 SubH3: Adults and children have the same preferences for 
which vibrations feel sleepy.

•	 H2: Some vibrations will have more pleasant sounds for sleeping 
than others.

The core of the Haptic Lullaby product is its sleepy vibration. In the 
literature research no study was found that showed if or what kind 
of vibrations improve sleep. Therefore a foundational study on the 
sleepiness of different vibrations had to be conducted during this 
thesis. 

The research questions that guide the vibration research are the 
following:

•	 Q1: Which vibration or vibration pattern is most sleep inducing or 
suitable for sleep to adults and to children?

•	 	 SubQ1: Which frequency is most sleepy?
•	 	 SubQ2: Which vibration pattern from a list of vibrations is 

most sleepy? …from a list of thirteen vibrations for adults and a 
list of six for children

•	 	 SubQ3: Is the perception of the vibrations similar for adults 
and children?

•	 Q2: How is the sound of the vibration experienced?

5.1 Introduction
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A pilot test was done with the prototype version described in chapter 
3.4, after which the prototype was improved and two vibrations were 
added to the list. Subsequently, a test with adults was conducted to 
narrow down the list of thirteen vibrations to around six. These six 
vibrations could then be tested with the real target group, children 
between 1 -5 years old. More than six vibrations would make the 
test too long and complex for such a young age. An overview of the 
prototype research steps and outcomes can be seen in figure 37 
below.

There were interesting and potentially sleepy factors and vibrations 
found in literature and in current products on the market. A list of 
eleven vibrations and vibration patterns was the result. With the 
list a research plan was made to test if it is possible to improve 
children falling asleep with vibrations and if yes, which vibration is 
most feasible. By using a prototype to research a phenomena, the 
experienced sleepiness of vibrations, the research can be categorised 
as design research. Prototypes not only help to understand product 
interactions and improve designs (Boess, 2010), but they can also 
serve as a kind of working hypothesis that dynamically generates 
knowledge (Boess, 2010; Stappers, 2007).

Figure 37: Research iterations described in chapter 5
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breathing pattern vibration. Some plush toys, for example an otter 
from Fisher Price, have bellies that expand and retract in a breathing 
manner, just as the Somnox.
White, pink and brown noise have been researched a lot, but without 
conclusive results. They are however very popular to put in sleep 
aiding products, especially white noise, so therefore they make 
the list. Lots of YouTube videos can also be found of white, pink or 
brown noise music. While looking for sound files of these noises, 
the concept of binaural beats came along. Literature indicates the 
potential of binaural beats for relaxation and sleep (Rishika, 2021).
The lullaby vibration came from the interviews. Several mothers sang 
lullabies themselves, or played a lullaby from a CD, phone or sleep 
product, although the products were not often used. Participant 4 
said: 

Before all the research activities could be conducted, potential sleepy 
vibrations had to be selected and designed. The literature review was 
used to come up with vibration modes that seem feasible to enhance 
sleep or falling asleep, while the market analysis contributed with 
interesting options from existing products. Ideas from parents that 
came up during the interviews were also taken as inspiration.

From the gathered and brainstormed list of vibration options a 
selection was made. A criterion for vibrations to be included was 
that they should either have a scientific basis, be currently used 
as sleeping aid or in products on the market. The following list of 
vibrations and vibration patterns was formed:

•	 One frequency; the most sleepy vibe
•	 Heartbeat
•	 White noise
•	 Pink noise
•	 Brown noise
•	 Lullaby
•	 Parents voice
•	 Bedtime story
•	 Rain rhythm
•	 Binaural beats
•	 Breathing pattern; a changing volume/amplitude of one frequency
•	 Fade in and out

The heartbeat was chosen after a study that showed how a mother’s 
heartbeat can calm infants after diaper change, also reducing the 
amount of crying (Chen, 2015). The heartbeat of a parent inspired the 

5.2 Vibration ideation

“The lullabies from those baby monitors sound super shrill. 
They don’t sound beautiful, but like a computer.”

Thus a lullaby was selected from an online source, not from a sleep 
product, that sounded like a typical lullaby, but was not super shrill. 
Interesting literature was found about lullabies as well. Studies show 
that lullabies promote sleep in newborns, are soothing, give a sense 
of social security and are an existing phenomenon across human 
cultures and time. For this effect, someone does not even have to 
understand the language of the lullaby (Unyk et al. , 1992; Trehub, 
Unyk & Trainor, 1993; Akkermann, 2021). Inspired by parents who 
sing lullabies themselves, the ideas of a parent voice and bedtime 
story vibrations took shape.

A single frequency sine wave is the most simple vibration and needs 
to be researched to form a foundational understanding if and how 
vibrations can help young children sleep. As a step between the 
single frequency and other vibration patterns, a vibration pattern 
was made that slowly fades in and out.
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The youngest child commented while the lullaby vibration was 
playing, that the vibrations felt ticklish on his cheek. “It tickles!” he 
said. After hearing and feeling the lullaby, the oldest child suggested 
playing some music she finds chill by an artist named Tycho. The 
vibrations of this music she liked also felt relaxed to her. To see if 
the 36 Hz was indeed the most sleepy single frequency vibration, 
this vibration was added to the list of possible sleepy vibrations that 
came out of the literature and product market reviews.

A pilot test was conducted with two children, who are three and nine 
years old. The goal of this test was to see if the prototype worked 
well and improve it for the tests with adults and other children. The 
pilot test would furthermore inform the method of the real tests 
with adults and children. During the pilot test, different vibrations 
were played and the oldest child was also allowed to adjust and 
play around with a single frequency vibration herself. The prototype 
consisted of a mattress sized piece of hard foam, in which the 
Dayton bass shaker was placed, see also chapter 3.4. The vibrations 
were based on Youtube videos or other internet searched sound files 
and adjusted in Audacity, where a low-pass filter of 40 Hz and 6 dB 
roll-off was put over the original sound files to make them better 
feelable. A list of links to the used videos or sound files can be found 
in appendix 12.

During the test, it was clear that a soft cover over the prototype 
was needed to make it more comfortable to lie on and to give the 
prototype a more finished, smart mattress-like look. Therefore a soft 
foam baby mattress from Ikea, the PLUTTIG, was bought after the 
pilot test and a mattress cover was put over the combination of the 
hard and soft foam. During the pilot test a thick, fluffy blanket was 
used as an alternative. The rug under the mattress helped to prevent 
vibrations being transported to the floor and thereby prevented noise 
production.

The oldest child indicated that a vibration of 36 Hz felt most sleepy, 
because it is not a really disturbing vibration, but “pretty low and not 
very loud”. 37 Hz already made a difference for her. She found that 
vibration also nice, but too loud.

5.3 Pilot test

Figure 38: Pilot test
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the opportunity to form a frame of reference of when a vibration 
feels suitable for sleep or not. The exploration ended with the task 
to indicate which frequency feels most sleepy or suitable for sleep 
and rate this frequency on a scale from 1 - 10, where 1 is not sleepy 
and 10 super sleepy. The test proceeded with the task to comment 
on and rate the sleepiness of a list of vibrations. The vibrations or 
vibration patterns were played after each other, proceeding when the 
participant had rated the current vibration. Participants were allowed 
to adjust the amplitude themselves, because not all sound files were 
of equal volume. The same order of vibrations /vibration patterns 
was kept for all participants and was as follows:
The 36 Hz was included, because the oldest children of the pilot 
test found this the most relaxed and most suitable for sleep single 
frequency vibration. Literature indicates the potential for sleep of 
40 Hz (Olson, 2021) (Jirakittayakorn, 2017), so therefore 40 Hz was 
added to the list. For the 35 Hz and 40 Hz vibrations, the participants 
were asked to compare them to the vibration they had just indicated 
as most suitable for sleep. In this way, the two vibrations were not 
only rated on sleepiness, but some validation was also done if the 
frequency participants selected in task 1 was indeed the most sleepy.

During the test, participants were asked to think out loud. Questions 
were asked to get more in-depth answers about why certain vibrations 
were sleepy or not; how the vibrations felt to the participants, and 
how the accompanying sound influenced the experience. 
Apart from the ratings, typed notes were made during the test, in 
which participants’ remarks and body language observations were 
documented.

Ten adults between 22 and 51 years old participated in the prototype 
research. After the research information (see appendix 13) was read 
to them, they were given a consent form to fill in. The consent form 
template can be found in appendix 14.

The test started by asking the participants to lie down on the 
mattress in whichever way was comfortable. To introduce the 
prototype to the participants, they were first allowed to adjust the 
frequency and amplitude of a single, sine wave vibration themselves. 
For this task, a phone with the Tone Generator app was provided to 
the participants. The experience of a whole body vibration was new 
for all participants. The free exploration therefore also gave them 

5.4 Testing with adults

Testing with adults: method

1.	 36 Hz
2.	 40 hz
3.	 Fade in-out
4.	 Heartbeat

5.	 White noise
6.	 Pink noise
7.	 Brown noise
8.	 Lullaby

9.	 Bedtime story
10.	Rain sounds
11.	Binaural beats
12.	Breathing

Introduction
The goal of the prototype research with adults was to see how people 
experience the feeling and sound of vibrations in a mattress, and 
what preferences they have for a vibration to fall asleep with. Since 
the list of all vibrations was too long to test with children between 1 - 
5 years old, this test also had the goal to narrow down that list. A few 
vibrations suitable and a few unsuitable for sleep would be selected, 
to understand if the preferences for and experience of the vibrations 
is similar to adults and children.
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Participant 3 about the Lullaby:
“I can completely imagine 

myself dreaming on this one.”

Participant 7 about the 
Bedtime Story:

“No I really don’t like the 
talking. Distracts in the wrong 

way.”

There are several results coming forth from the test with adults. 
The complete notes and ratings can be found in appendix 15. The 
single frequency sine wave vibration participants perceived as most 
sleepy lies between 25 and 70 Hz, with most scores between 33 - 
50 Hz. This is shown in table 8, where the most liked frequency per 
participant is noted down. Some participants could not choose one, 
but indicated two equally preferred single frequency vibrations.

Interesting to note is that frequencies around 80 Hz were often 
doubted if they were the most sleepy vibration, but most of the time 
a lower vibration was selected in the end. After their chosen sleepy 
vibration, the participants were exposed to the 36 Hz and 40 Hz 
vibrations. Two participants scored the 36 Hz vibration higher than 
their own chosen vibration, which was for those participants 40 Hz 
and 70 Hz. Nobody scored the 40 Hz vibration higher.

Testing with adults: results
Table 8
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Diagram 15 shows the average score of each 
vibration mode with the Standard Error of the Mean 
(SEM). Looking only at the average, the single 
frequency selected by participants themselves 
scored highest, followed by the lullaby vibration 
and white noise. The bedtime story and heartbeat 
vibrations were perceived as the least sleepy. 
However, the SEM of almost all vibration modes 
is very large, meaning that there is uncertainty 
if the sample means represent the population 
means. If the SEM ranges do not overlap, there is 
a significant difference between vibrations.

Looking at which SEMs do or do not overlap, it can 
be seen that all vibrations except for the heartbeat, 
breathing, 40 Hz and fade-in-out vibrations were 
scored significantly higher than the bedtime story 
vibration. The single frequency, lullaby, white 
noise, binaural beats, 36 Hz, rain sounds and pink 
noise are also scored higher than the heartbeat. 
Higher than the breathing and 40 Hz are the single 
frequency, lullaby, white noise and binaural beats 
vibrations.
 

Diagram 15: Scores of each vibration, with standard deviation

Diagram 16: Average score given per participant, with standard deviation
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lower ratings than participant 2. What also differs between people 
is the size of the range of scores they give, so how diverse their 
scoring was. This can be seen when looking at diagram 16 or at the 
full results in appendix 15.

Diagrams 17 and 18 show a regression analysis of the gathered 
data. From them the significance of all vibrations and participants 
can be read. The RSquare under summary of fit of the participants 
is higher than that of the vibrations, indicating that who scores the 
vibrations is more predictive of how high or low a score is than the 
vibration itself. Some people just gave higher scores than others, 
which can also be seen in diagram 16. Participant eight clearly gave 

Diagram 17: Statistical analyses of the data 1

Diagram 18: Statistical analyses of the data 2
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Because the  SEM ranges are quite large, another 
analysis was done that looked at which vibration 
or vibrations were scored highest per participant. 
So for each participant their most sleepy vibration 
of the whole test was added to a list. From the list 
a circle diagram was made, see diagram 19. Only 
the heartbeat, bedtime story and 40 Hz vibrations 
were not the favourite sleepy vibration of anyone.

Now that the results have been presented, several 
conclusions can be drawn.

Diagram 19: The highest ranked vibration per participant

Participant 1 thinking out loud 
with the pink noise:

“It feels like a big kitty is purring 
under me. I like it!”
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From diagram 16 can be concluded that the opinion of people differs 
greatly, since the standard errors of the means are large. Looking at 
what the adults said during the test, this difference can also be seen. 
For example, about white noise participant 10 said “This one feels 
nice and not disrupting, like I am on the beach.”, while participant 5 
mentioned that he felt “like I am lying next to a railway while a freight 
train is thundering over it.” The design of a vibrating product could 
therefore benefit from a personalisation option, or multiple vibrations 
to choose from. People’s preferences differ too much to choose 
one. However, the most promising vibrations seem to be a single 
frequency vibration set by the user; a lullaby vibration; white noise 
or binaural beats. Circle diagram 19 supports this conclusion. Since 
ten out of thirteen vibrations are in the diagram, it also supports the 
conclusion that people’s preferences are highly diverse.

From what people said during the tests can be concluded that people 
who are able or like to fall asleep with music give higher scores to the 
vibrations. They seem less busy with the sound accompanying the 
vibrations. This especially became clear with the lullaby vibration, 
where a lower rating was given by participant 6 who said: “I just 
don’t sleep with music, but I can imagine that people who do will find 
this vibration chill.” For others the idea of music was interesting, but 
the high tones and repetitiveness of the lullaby were disliked. They 
usually expressed this while feeling the binaural beats: 
“This is better than the first melody, because the repetitive, high 
tones are gone.” - participant 8.
The repetitiveness was also something people greatly disliked about 
the heartbeat, fade in-out and breathing vibrations.

Testing with adults: conclusions From  the regression analyses in diagrams 17 and 18, another 
explanation can be found for the large  SEM ranges. These diagrams 
show that not only the vibration itself determines the score given, 
but that who gives the score is of more importance. Some people 
gave higher scores overall, liking vibrations for sleep in general more 
than others. Others gave consequently low scores. The range of the 
scores given also differs greatly per person, so some have stronger 
preferences than others.

The single frequency set by the participants themselves, the lullaby, 
white noise and binaural beats were experienced as the most suitable 
for sleep by adults. Even though the sample size was small, these 
are significantly scored highest. The least sleepy were the breathing, 
heartbeat and bedtime story. The vibrations that are chosen to 
be used in the consecutive test with children are thus the lullaby, 
binaural beats, white noise, bedtime story, breathing and heartbeat. 
The first three were chosen because they were rated most sleepy by 
the adults, and the last three because they were rated lowest. The 
single frequency was not chosen, because it had to be set by the 
users themselves. However, for children between one and five years 
old this is too difficult. By choosing these six vibrations, it could also 
be researched if adults and children experience vibrations in a similar 
manner or not.

The option of recording and playing back the parents’ voices came 
up during ideation, but was not put in the research with children, 
because it would make the tests more complicated. Furthermore,  
the adults experienced the voices in the bedtime stories as very 
annoying. If the opinion of children on the bedtime stories turned 
out to be very positive, this can better be researched in a separate 
follow-up study.
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caretaker was asked to go with their child to the mattress and place 
them sitting next to it. The caretaker and researcher would then 
both hold out a hand, touching the mattress, so the child can see 
they don’t have to be afraid. Usually this gesture sparked curiosity 
in the child, and they would reach for the mattress as well. Once the 
child touched the mattress, the caretaker would pick up the child 
and place them sitting or laying on it. Thereafter, the caretaker and 
researcher waited to see how the child reacted to the vibrations, 
verbal or in body language. To capture body language better, the 
tests were filmed with permission of the parents. Especially for 
the children of one and two years old, having their body language 
is important, since they cannot talk yet or only know a few words. 
So all information had to come from either the parent reading their 
child’s body language and interpreting their sounds and few words, 
or from the body language captured in the video footage. From the 
child of four years old, an opinion could be asked. To make this as 
easy as possible, two vibrations were compared at a time. So first 
vibration 1 was compared to vibration 2, then 2 to 3, 3 to 4, etc. In this 
way, the child did not have to remember all the different vibrations. 
The way the comparison was brought to the child was as follows: 
“Is this vibration more or less nice to sleep with than the previous?” 
Or: “So is this vibration more sleepy? Or this?” The four year old was 
also asked how the vibrations feel to her. This seemed to increase 
her focus on the vibrations and let her feel them for a few seconds 
before comparing them to the other vibration.

During the tests, special attention was paid to the wellbeing of the 
very young children, and their willingness or “assent” to participate. 
If a child started crying and didn’t stop, the vibrations were turned off 
and the test paused.

In total three families were visited. The first two parents both have 
a child of just 1 year old. The third family that was visited has two 
children: one of 2 and one of 4 years old. The consent form template 
can be found in appendix 17, and the provided study information in 
appendix 16. To ensure participants stay anonymous, the filled in 
consent forms are not attached to this report.

The research method was adjusted from the test with the adults, as 
testing with this age comes with some differences and difficulties. 
Several of these are described in chapter 2.2, with considerations on 
research methods with children. First of all, complexity was reduced 
by shortening the list of vibrations to six instead of thirteen. Secondly, 
more time was reserved for the children to get acquainted with the 
prototype and the researcher, because trust improves willingness 
to participate and reduces anxiety (Punch, 2002) (Fargas-Malet, 
2010). Because of the young age a caretaker, usually the mother, 
was present to help the child get on the mattress and make sure the 
child feels at ease. After reading the study information to the parents 
and filling in the consent form, the vibrations were turned on. The 

Testing with children: method

With the insights from the research with adults, a research with 
children could be started. What kind of vibrations do they like for 
sleeping? Is their perception similar to adults? The six vibrations that 
came forth from the adult tests, three potentially suitable vibrations 
for sleep and three unsuitable, would be used to research these 
questions.

Introduction
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The first child that was visited, had slept really badly that night and 
the test was very close to her bed time. Therefore she was in a crying 
mood and did not like to test a new product with a stranger next 
to her. Only with the sound of the lullaby vibration, she seemed to 
calm down a little. However, touching the mattress prototype was 
very scary. She seemed interested when her grandmother and the 
researcher both placed a hand on the mattress, but as soon as her 
grandmother brought her hand to the mattress, the child would start 
crying. The test was thus stopped to not distress the child more.

The timing of the experiment was made with consideration to the 
childrens’ bedtime schedules. If possible for the parents, a time 
was selected just before one of the daytime sleeps, to increase 
the chance that the children were not full with energy, but ready to 
calmly participate. The timing was tweaked between tests. After 
test 1, it was discovered that too close to the bedtime can have a 
negative influence as well, namely that the child is too tired and not 
(emotionally) ready to meet someone new with some new product. 
It is better to not have to rush the test and take more time before 
naptime. A balance had to be found between wakefulness and 
tiredness of the child.
The research method was also discussed with assistant professor 
Mathieu Gielen, who teaches the IDE MSc elective courses Design 
for Children’s play and Co-design and Research with children. He 
gave the tip to show the child with behaviour of the researcher 
and parent that the prototype is safe by for example touching it. 
He also suggested that instead of asking about the feelings that a 
child might have, a formulation could be used that focuses on the 
action or outcome. For example: “Is your doll going to sleep now?” 
instead of “Does this feel sleepy or relaxed?” Behavioural actions are 
something that children can relate to and describe more easily than 
feelings. Mathieu indicated the approach to let a child compare two 
vibrations at a time and not six at once is good, because it makes the 
method simpler.

Testing with children: results

Figure 39: first child test
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The second visit was planned with more time 
before the daytime sleep of the child. The girl 
was in a happy and curious mood. She crawled 
around the mattress, touched it when her mother 
and the researcher touched the mattress, and also 
tried to climb on the mattress herself. When her 
mother placed her on it, she sat there listening and 
giggling happily when feeling the vibrations. Her 
mother also lay the girl down on the mattress and 
said: “I am surprised she is okay with lying down on 
it. That’s really nice.” The girl reacted positively to all 
the vibrations, and it was very hard to notice any 
difference in her reaction between the vibrations. 
Even without the mother close to her, the little girl 
was interested in the mattress. When her mother 
was shortly in the kitchen, the child first crawled 
away from the mattress. Shortly after doing that, 
she crawled back and tried to get on. Figure 40 
shows a few moments of the test.

Figure 40: multiple photos of test at second fami-
ly: laying down & climbing on
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From the tests with children it can be concluded that with children 
of one year old, it is not only very dependent on their mood how 
well tests can be performed, but because they can not talk, it is also 
difficult to know if there is any difference in their perception of the 
vibrations. It seems like the type of vibration does not really matter. 
Only the heartbeat vibration was clearly disliked most, just as with 
adults. The older children disliked the heartbeat and bedtime story 
most. Add the result that the lullaby, binaural beats and white noise 
were all received positively, and the conclusion can be made that it is 
highly likely that adults and children find the same vibrations sleepy, 
perceiving them in similar ways. 

Additionally, the results show the potential to calm down children 
with a vibrating mattress. This first research shows that the method 
is feasible to study the sleepiness of different vibrations. With more 
of these tests, it is possible to gain more in depth insights into what 
the best vibration is for the sleep of children. Future tests should be 
conducted with the oldest children of the age group, so the four and 
five year olds, to get the best results.

The third family was visited twice. The first time, the oldest child had 
a friend playing over, so most of the test was planned to focus on 
her little sister. She however woke up really badly and cried a lot. So 
to test better with her, a second visit was planned. The older child 
and her friend disliked the heartbeat vibration most. The breathing 
was slightly better, but also not great. The lullaby was most suitable 
for sleep they said, followed by the white noise. They had neutral 
feelings with the binaural beats and did not know what to think of 
the bedtime story. 

During the second visit, both the youngest and eldest child participated 
again. During this test, a table with expected behavioural responses, 
like laughing, frowning, crying or feeling, was brought along. The 
behaviour that occurred during the test could be quickly noted down. 
For the youngest child, little difference was observed between the 
vibrations. Only with the heartbeat vibration, she frowned more, 
indicating she does not really like it. The oldest child can speak full 

Testing with children: conclusions

Figure 42: third family, visit 2, oldest 
child

Figure 41: third family, visit 1: 
youngest child

sentences, so she could provide more information. The white noise 
was nice she said, but she liked the binaural beats, breathing and 
lullaby better. Her mother noticed that with these vibrations, she was 
calmer too. The oldest liked the heartbeat vibration the least, just as 
the first time with her friend.
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a lot of variation are also not sleepy, because they distract too 
much. There is thus a balance between simplicity and diversity of 
a vibration, in a similar way that principle of MAYA, Most Advanced 
Yet Acceptable, indicates there is a desire for newness in a product 
consumer, but that newness should not make the product too hard 
to embrace (Dam, 2021a). The speed of a vibration influences how 
relaxed or energetic the vibration feels in a similar way that music 
with a high BPM sounds more energetic than low BPM music. Lastly 
there are the factors of associations with either the produced sound 
or feeling. If people have a negative association with one of these or 
even both, the overall experience is negative as well and not suitable 
for sleep. The following quotes showcase this well:

When both the adult and child tests were conducted, overall 
conclusions were drawn and decisions made for the vibration design 
of the Haptic Lullaby.

During the tests, several factors could be observed on which 
participants decided the sleepiness of a vibration. For example, when 
the amplitude of a vibration was too big, the vibration felt not suitable 
for sleep. The height of this maximum amplitude was dependent on 
the sensitivity of the person and the type of vibration, just as the 
minimum feelable amplitude. For all factors in the list, a similar 
difference between people exists. The border of what feels sleepy or 
not is somewhat personal. The factors determining sleepiness of a 
vibration are the following:

•	 Amplitude
•	 Frequency
•	 Structure of the vibration (pattern)
•	 Repetitiveness of the vibration (pattern)
•	 Speed of the (repeating) pattern
•	 (Volume of the) produced sound
•	 Associations with the produced sound
•	 Associations with the vibration feeling

As can be seen in the results in chapter 5.4, not all frequencies 
and vibration patterns were given equal scores. Even though not 
everyone liked the same vibrations, they all had their preferences. 
The influence of repetitiveness is also briefly mentioned before. A 
highly repetitive vibration is not experienced as sleepy, because it 
gets annoying and boring after a while. However, vibrations with 

5.6 Conclusions user tests

“It feels like a big kitty is purring under me. I like it, this vibration feels 
nice.” - participant 1 about the pink noise.

“This is kind of annoying. It sounds like the airco of the neighbours is 
on.” - participant 8 about the pink noise.
This list of factors are a new contribution to the field of haptics and 
are building a foundation for future product and technology design, 
as well as future research on the perception of vibrations. The factors 
can be used as a design tool for not only sleep products, but also 
other haptic experiences that include vibrations.

For the design of the Haptic Lullaby three vibration modes are 
selected that came best out of the research in terms of suitability of 
sleep and desirability from users. The three vibrations are: a single 
frequency adjustable between 30 and 50 Hz, a lullaby vibration 
and a combination of a lullaby with 39 Hz under it. The 39 Hz is an 
average from the vibration that adults set themselves as the most 
sleepy vibration and 30 to 50 Hz is a range that includes most of 
those vibrations. The lullaby scored the highest during the tests. 
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By including three vibration options in the Haptic Lullaby design, 
parents have the opportunity to choose from vibrations that came 
best out of the tests, one that feels most sleepy for their child. The 
slightly adjustable vibration provides parents with a feeling of control 
over the product and adds personalisation to the design. During the 
interviews it was concluded that when parents feel in control over 
a product, they perceive it as safer and they are more likely to want 
it. The vibration mode can be set in the app, where parents can also 
turn the vibrations on and off or activate the smart vibration mode to 
let the mattress sense if the child is awake and control the vibrations 
automatically.
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or researcher you can try to push on, but better is to make a new 
appointment with the parents and come back later,  because a too 
tired child or a moody child will not give valuable information about 
a prototype. Rescheduling was also the solution used during this 
project and it worked well. In conclusion, any research that tests 
prototypes with children will have to reserve time into their planning 
for second attempt tests. Especially during COVID-times, because 
on top of the mood swings from bad sleeping children, families in 
quarantine can also force appointments to be rescheduled.

Looking at haptic research specifically, it could be seen that some 
children are more hesitant to try something new than others. To give 
the shy children a feeling of safety around the prototype, and spark 
their curiosity, it often helped when a parent, the researcher or both 
were touching the mattress. Examples can be seen in figures 43 and 
figure 44.

When reflecting on the conducted research, several points of 
discussion come forth. First of all, multiple insights were gathered 
on doing research with children. The method used during this 
project was mainly observation by the researcher and (grand)
parents. The information from the parents was especially insightful, 
because most of the participating children could not speak full 
sentences yet. The parents also know their child’s behaviour 
patterns, for example what is common behaviour or not. However, 
this is a subjective observation method, in which personal 
opinions and judgement play a role. The research method could 
thus be improved by adding objective observations. A specialist 
on child behaviour, development and/or psychology could be 
added to the research team to achieve this. Possible professions 
are pedagogues, child physiotherapists and child psychologists. 
Pedagogues for example are educated to work with children and 
know what kind of child behaviour indicates certain motivations or 
emotions. These specialists can watch the video footage of tests 
back or be present during the tests alongside a main researcher. 
The first option has the advantage that the team who visits the 
parents and children stays small, which is less intimidating for 
children.

Another insight from doing design research with such young 
children, is that you have to be flexible and open to changes in 
your planning. Sometimes these children just wake up badly and 
are incapable of participating in a test with some new prototype 
offered by some new face. This highlights the importance of 
the Haptic Lullaby as a product, but for the tests themselves it 
means you have to be flexible and have patience. As a designer 

6.1 Haptic research & children

Figure 43: child feeling vibrations 
with her mom

Figure 44: child touching the mattress 
when the researcher did
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During one test, a doll was also used by the mother, who laid the 
doll down on the mattress and acted like it was going to sleep. The 
child then walked away to get a blanket and all other doll stuff, and 
eventually got onto the mattress herself as well, see figure 45. It is 
hard for very young children to understand why they should test 
something or why right at this moment. This example shows that 
acting out and roleplay can make young children more involved in 
haptic research and more willing to participate.

Figure 45: third family, visit 2: parents enacting with 
the child’s doll

6.2 Research method
The validity of the conclusions drawn from the research can be 
doubted, because the sample sizes were quite small. Just 10 adults 
participated, and 4 children. Furthermore the environmental setting 
was mostly similar for the adult participants, as the same room was 
used for all tests and most were conducted in the beginning of the 
evening, but the setting was not completely controlled. Consistent 
factors are important, because a lot of factors play a role when doing 
research on sleep. Not only time of day, location, oxygen level, light 
intensity or temperature of the room, but also tiredness, comfort and 
stress levels of participants can influence results. Regardless of the 
validity of the results, there is value in the conducted research. What 
has been shown is that it is feasible to research which vibrations 
are more sleep inducing than others with the used method, and that 
a mattress shaped prototype is a suitable product form for these 
kinds of tests. Furthermore, the conclusions about the sleepiness 
of different vibrations lays a foundation for future research. The list 
of factors that influence the sleepiness of a vibration is new to the 
fields of haptics and sleep product design.

These discussions lead to a recommendation on how the product 
could best be brought to users to be successful. A first-time user 
should not be an exhausted child, as the tests showed that the new 
experience of the vibrations can be scary for them. The advice to first 
let a child get used to the vibrations during an energised moment 
during the day should be put in use instructions or in an introduction 
tutorial in the app for parents. A positive first use experience can 
increase the chance of success.
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Looking at the Haptic Lullaby product, some possible risks have to 
be addressed. Future research has to be aware that the physical 
impact of these vibrations on young children is unknown. Especially 
vibrations on the head could have a negative impact (Caryn, 2019). 
However, other vibrations, like binaural beats, have the ability to 
enhance deep sleep and have a positive impact (Rishika, 2021). The 
question arises if what feels unsuitable for sleep is also unhealthy. Is 
playing the “wrong” vibrations harmful? Therefore a thorough study 
should be conducted on possible physical effects before the Haptic 
Lullaby is released on the market.

A social problem all sleep products have is that over time they make 
their user dependent on the product. After a period of use, people 
can not fall asleep without it. For users of the Haptic Lullaby this 
could be a problem, because they only have one at home and not on 
vacation, or when they stay with friends or family. This is a design 
challenge future iterations of the Haptic Lullaby could tackle.

Sleep problems are an increasing problem of modern society. One 
in four people is not content with their sleep, of which six till ten 
percent are diagnosed with insomnia (Neuendorf, 2015). The effects 
of this are huge for society, as bad sleep not only affects daytime 
functioning, but also mental health (Neuendorf, 2015). The Haptic 
Lullaby can thus contribute to society by decreasing sleep problems. 
If the product works for children, it could also be a solution for 
adults. Furthermore, removing bad sleep habits at a young age is 
beneficial as it prevents behavioural and mental problems later in 
life (Neuendorf, 2015). Lastly, if a child sleeps well, the parents do 
not have to be awoken during the night. The impact of better sleep is 
thus relevant on a small family scale and big societal scale.

6.4 Ethics & social impact
Something that worked well during the design research was the 
chosen concept to test with. The advantage of a mattress shaped 
prototype is that the focus of participants lies on the vibration 
experience and not on the product form. It thus reduces complexity of 
the product and narrows the amount of factors that are researched. If 
too many factors are researched at once, it is unclear which variable 
influences which outcome. For example, a test with a plush toy 
would inevitably include interaction qualities of the product, instead 
of only testing the vibration experience.

Something that can be improved about the prototype for adults was 
the size of the mattress, as most of them had to pull up their legs 
to fit on it. For tests with children the prototype can be improved by 
reducing the amount of (visible) wires and removing the laptop out 
of their view, because these two things attract their attention a lot. A 
waterproof mattress would also be an improvement and is essential 
for future research during sleep.

6.3 Prototype
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the child’s bedroom anymore, you can stay in bed when the child 
cries at night. The remote control aims to prevent the iterative cycle 
of a parent walking in the bedroom, soothing their child, walking out 
of the bedroom and having to return because the child gets afraid to 
be abandoned and starts crying again. As the vibrations soothe the 
child, the parents don’t have to get into the bedroom, removing the 
moment where fear of abandonment kicks in.

Several elements of the Haptic Lullaby have been discussed through 
this report. Here they will be summarised, and information will be 
added about the place of the Haptic Lullaby in the smart mattress 
market; about product materialisation, aesthetics and branding, 
about the intended user experience and the value for users. The 
branding is formed by analysing websites and logos of related 
(smart) products and combining these insights with the moodboad 
on materialisation and aesthetics.

Introduction

The Haptic Lullaby is a smart mattress that uses vibrations to help 
young children fall asleep. The mattress has three vibration options: 
a lullaby, a single frequency sine wave vibration and a combination of 
a lullaby with 39 Hz vibration. The sine wave vibration can be slightly 
adjusted by parents. Based on the preferences during the user 
research, this range is set between 30 and 50 Hz. Parents can control 
the Haptic Lullaby through an app, where they choose the vibration 
and can turn the vibrations on and off remotely. No need to walk into 

The final design
Haptic Lullaby provides a soothing experience for its users, children 
between 1 -5 years old. The name refers to how the experience 
should be: a lullaby that you feel. And by feeling this tactile lullaby 
you feel sleepy, just as a sung lullaby makes you sleepy. Parents 
do not experience the vibrations, but they could hear the sound 
accompanying the vibrations. Their product experience is mostly 
with the app. The app layout should be simple, clean and with large 
user interface (UI) elements, because parents have to be able to 
operate the app at night in their bed. The app should be made in dark 
mode, reducing the risk to wake up a parent more when controlling 
the app during the night.

User value & experience

Figure 46: User experience shown in a scenario
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The key value that the Haptic Lullaby provides not only to the child 
using it, but also to the parents is better sleep. When the child sleeps 
better, parents will be less or not woken up during the night. The 
smart vibration function unburdens the parents completely, while 
the app gives them remote control. No need to get out of bed. With 
the Haptic Lullaby, parents also get their evenings back. Getting rid 
of spending hours trying to get their child to bed, but having time 
for themselves is of great value. Lastly, the adjustable frequency 
of one of the vibration options allows for personalisation. It gives 
a personal touch to the product experience. These user values are 
shown in figure 47.

Figure 47: User values of the Haptic Lullaby

Graduation / Haptic Lullaby

85

07



A moodboard inspired the final aesthetics and materialisation of the Haptic Lullaby. The 
moodboard, seen in figure 48, is made from images related to child sleep products, night, 
bedrooms, sleeping, smart mattresses, other sleep or relaxation products or materials that 
feel relaxing and soft.

Aesthetics & materialisation

Figure 48: Moodboard on aesthetics & materialisation
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Inspired by this moodboard, the Haptic Lullaby has a soft cotton 
mattress cover around the mattress. The colour options are pastels, 
for example pastel greenish-blue or light pink, see figure 49. A  
waterproof cover sould be under this layer, to protect the smart 
mattress below it against leaking accidents from children during the 
night.

Figure 49: Soft cotton with colour options of the Haptic Lullaby

The colours are mostly pastels, with dark blue for contrast that 
also refers to the night sky. Whites and slightly off-whites are used 
together with the pastels to give a calm, relaxed feeling. The softness 
of clouds and the colours of the sky during sundown are also an 
inspiration for colours and aesthetics. Often used materials are soft 
finished silicone, wool, memory foam and cotton.
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To understand the potential of the Haptic Lullaby as a product, we 
can look into the product market that it is part of. The Haptic Lullaby 
measures specific input from the user, the amount of movement 
and sound, and adapts its function accordingly, namely turning the 
vibration on or off. Its design is digital, connected, responsive and 
intelligent. Therefore it is a smart product (Raff, 2020) and belongs 
to the smart mattress product market. The smart mattresses 
researched during the current product market analysis in chapter 2.3 
give an overview of the market. The mattress with a special foam 
structure from Purple is the least expensive and costs around $1400 
dollars, converted to €1590 euro. The other real smart mattresses 
cost between $2600 and $6400 dollars, which is around €2950 till 
€7260 euro. Smart mattresses are thus luxury products on which 
customers spend a lot of money. These prices are for queen size 
beds, the standard for adult mattresses, so a kids mattress would 
cost a bit less. The high prices show how valuable a good night’s 
sleep is for people and that they desire solutions for bad sleep. 
Solutions like the Haptic Lullaby. Parents who have a smart mattress 
themselves will not reap the benefits of it if their child keeps waking 
them up during the night. With the Haptic Lullaby, parents can finally 
enjoy their own perfect mattress, undisturbed.

What contributes to the feasibility of the Haptic Lullaby is the fact 
that the smart mattress market is quite young and growing. Purple 
for example started in 2015 and SleepNumber in 2017. The Haptic 
Lullaby taps into the new opportunity of this growing market.

Smart mattress market

Figure 50: Smart mattresses. 
(Eightsleep, 2022; Purple 
Innovation, 2022; ReST, 2021; 
SleepNumber, 2022)
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why does it work?; and a few positive experiences from users. The 
websites are all very clean. The way the elements are ordered seems 
in line with the golden circle branding strategy, in which a company 
first states why they sell product/service X, before telling you how 
they get there and with what product or service. The reason for this 
is that people buy the why, not the what (Gardner, 2017).

Adobe Fonts was used to analyse the fonts on the websites of 
these smart products. The font on the Somnox website looks like 
Proxima Soft; the one on Moonbird like Quiet Sans; and on Apollo 
Neuro like Neue Haas Grotesque or Neue Haas Unica. These are all 
friendly and clean looking sans serif fonts, just as the fonts in the 
moodboard shown earlier in this chapter. The combination of clean 

The Haptic Lullaby is a product not only belonging to the smart 
mattress market, but it is also related to products like the Somnox, 
Moonbird and Apollo Neuro. These are all smart products that 
use a certain output (breathing or vibrations) to help people relax, 
meditate or sleep. Looking at their websites, the main page consists 
of similar elements. At the top an experience image is placed with a 
key sentence to show in one view the use or purpose of the product. 
In other words: why you should have it. Then, not specifically in 
this order, several elements follow: a few key advantages or main 
achievements of the product; a visual, often a GIF, that shows how 
the vibrations or breathing work; the (scientific) basis of the product, 

Marketing of the Haptic Lullaby 07

Figure 51: websites of related products
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A visual communication style of the Haptic Lullaby is designed 
based on the moodboard and the style analysis of the four related 
product websites and their logos. The visual communication style is 
expressed through a web page visualisation, see figure 53.

and friendly makes the product advertisement look trustworthy but 
approachable. Images on the websites show a caring parent, often 
the mother, with a child, adding a feeling of relatedness.

Related smart sleep products for children are the sleep monitor 
products from Owlet. Their website is similar to the Somnox, Moonbird 
and Apollo Neuro in that it starts with an experience video and some 
user reviews are also on their front page. Owlet however uses a serif 
font next to a sans serif font, to make it look more established and 
to add a bit of elegant dreaminess. All four products or brands have 
simple logos with lots of rounded shapes.

Figure 52: logos of related products

Figure 53: Visual communication style of the Haptic Lullaby

90

Graduation / Haptic Lullaby

07





First of all, the research on sleepy vibrations can 
be elaborated on. This graduation project gives a 
list of factors that influence if a vibration (pattern) 
feels sleepy to people. However the research 
done was with a small sample size and limited 
age range. Future research can follow a similar 
approach with a bigger, more comprehensive 
group of participants. Also not all participants had 
sleep problems. Future research could test if there 
is a difference in preferences between bad and 
good sleeping people.

A bigger sample size is also needed to better 
validate the ranking of the different vibrations. 
Additionally, research could be done on the 
effect of order on the perceived sleepiness of the 
vibrations. This research could be executed by 
making several test groups between which the 
order of the vibrations differs. Another factor that 
can be studied is the moment of the day on which 
the test is done. Nine out of the ten adult tests were 
done around dinnertime or at the beginning of the 
evening, somewhere between 17.00 and 21.00. 
So no tests were done shortly before bedtime or 
during sleep. 

There are a few aspects of the final Haptic Lullaby 
design that lay a foundation for future research. 
These will be discussed in this chapter, while 
chapter 9 discusses next steps for the product 
development of the Haptic Lullaby.

Introduction
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This brings up a next big step to take in sleepy vibration research: 
testing the vibration options during sleep over a longer time period. 
A longitudinal study could provide in depth insights in the effects of 
a vibrating smart mattress and validate if the lullaby, white noise, 
binaural beats and single frequency vibrations are indeed the most 
sleep enhancing. Before the smart mattress can safely be tested 
during a night sleep with children between 1 and 5, it should be made 
waterproof and wires have to be worked away inside the product or 
behind a bed. The youngest of these children use diapers and even 
the oldest can have a little accident at night, so therefore waterproof 
is important. To prevent dangerous play with electrical wires and 
components, these should be safely out of reach.

The youngest children seemed to have little preference for a certain 
vibration. Nonetheless, the heartbeat vibration was perceived least 
pleasant, seen by their frowning faces or restless movements. 
Adults also indicated this as one of the least pleasant vibrations. 
Future research could dive deeper into the preliminary conclusion 
that the preferences of adults and children do not differ. If this is true, 
initial research on the effect of vibrating mattresses can be done 
with adults, instead of children. For product developers, this would 
be valuable, because it saves a lot of time, is easier to conduct and 
easier to get ethically approved. Only final validation steps during 
sleep should still be done with the real target group, young children, 
because their sleep cycles differentiate from adults. If adults turn out 

to have different preferences, it would already be helpful for product 
developers if the effect on 1 - 5 year olds is similar to 5 - 10 year olds, 
because these children can talk well and express their experiences 
better.

While doing haptic research with the very young children, most 
insights were gained by reading body language or listening to the 
parents who read their child’s body language. However these are 
both subjective ways of observation. As described in chapter 6, future 
research can improve the method by doing objective observations 
with a pedagogue, child physiotherapist or psychologist. It will be 
interesting to see if they observe more differences in the reactions of 
children on the vibrations.
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Some of the just described future research is also 
what needs to be done to develop the Haptic Lullaby 
into a real marketable product. A main aspect that 
needs to be researched and designed further is 
the vibration itself. The conducted research lies a 
foundation to be built on, showing it is feasible to 
develop a vibrating sleep product, but more testing 
with bigger sample sizes is needed to iteratively 
design the Haptic Lullaby vibration. Therefore a 
plan for the next round of data collection is written 
out here.

Introduction

In the next research, a bigger mattress should be 
used on which adult participants can fully lie down 
without pulling up their legs. The setting of the test 
can be more clean, with less distracting elements 
in the room, making sure the environment is 
consistent between tests as well. With a short 
questionnaire beforehand participants can be 
excluded who feel very tired or who are highly 
stressed, because these moods greatly influence 
the rating people give. The rest of the method can 
be similar to the previous research with adults: a 
list of vibrations is played to the participants who 
will give comments on how they experience the 
vibrations and score each vibration on a scale 
from 1 to 10, with 1 being not suitable for sleep at 
all and 10 being perfect for sleep.

The vibration options that should be tested during 
a followup research are based on the results of this 
graduation project. Taking the lullaby vibration and 
single frequency vibration as a basis, combinations 
and variations can be made. For example, a 39 
Hz vibration (the average of the most prefered 
frequencies) can be put under the lullaby vibration. 
Other lullabies can be included to the list and a 
variation of the current lullaby in which the high 
notes are removed as well. People who disliked the 
current lullaby were mostly annoyed by the high 
tones. With the results of such a test, the vibration 
design can be improved. The more iterative tests 

Next round of data collection
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After a few rounds of data collection, in which 
the vibration design is iteratively improved, the 
vibration should be tested during a night’s sleep 
with children. As indicated before, the prototype 
has to be waterproof and no wires should be 
reachable at this stage. This test should be done 
with children, because their sleep cycles differ 
from that of adults. The best is to test with the 
oldest children of the target group, so from age 4 
or 5, because they can speak whole sentences and 
thus explain their opinions and experiences better. 
They would have to describe how well they slept 
during nights with and without the Haptic Lullaby. 
The observations of their parents can be added to 
the childrens’ experiences. For example, did they 
have to get less out of bed during the night? Did 
they spend less time putting their child to bed? 
Parents could also be included in the study to test 
out the app that goes with the smart mattress. 
Video footage of the test nights is needed to enrich 
the subjective data of children and parents with 
objective observations.

like this, the more sleepy the vibration will become. 
In this graduation project the assumption has 
been formulated that the perceived sleepiness of 
a vibration is similar for adults and children. The 
next round of data collection can thus be done 
with adults, who are capable of giving more in 
depth feedback than children.

Continuation

A collaboration with neuroscientists could improve such a study 
during the night, because then the physical effects of vibrations 
during sleep can be analysed as well. Neurological insights can show 
if the product is safe to use during sleep, a criteria for the Haptic 
Lullaby to become a viable product. With the findings of a test during 
sleep, final adjustments can be made to the (vibration) design of the 
Haptic Lullaby. Figure 54 shows these steps in a roadmap overview.

Figure 54: Roadmap for future research
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2.	Research information interviews
3.	Consent form interviews
4.	Notes interviews
5.	Timeline exercises of interviews
6.	Statement cards
7.	Excel sheet prototype self test
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12.	 List with links sound files
13.	 Research information test adults
14.	 Consent forms test adults
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19.	  Project brief
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-	 Welke dingen hebben merkbaar invloed op hoe goed of 
slecht jullie kind slaapt?
-	 Bij slechte slapers: Welke dingen hebben jullie geprobeerd 
(acties, producten, etc.) om het in slaap vallen te verbeteren? 
Kunnen jullie die rangschikken op effectiviteit?
-	 Bij goede slapers: Stel jullie kind zou slecht in slaap vallen 
of ’s nachts veel wakker worden, wat zou het eerste zijn dat je 
probeert om dit te veranderen?
	
-	 Waar zou een slaap product voor uw kind aan moeten 
voldoen?
-	 Zou ik jullie voor een vervolgonderzoek mogen 
benaderen?

Thema’s: kinderen + slaaprituelen, slaapproblemen, slaap producten, 
slaappatroon, leeftijd & slapen.

Vragen voor ouders:
-	 Hoeveel kinderen hebben jullie en hoe oud zijn ze?
-	 Wat is het slaappatroon van jullie kinderen? Zijn jullie tevreden 
hiermee? (Of hebben ze slaapproblemen?)
-	 Wat is/was de moeilijkste leeftijd om kinderen in slaap te 
krijgen? Welke leeftijd slapen ze het slechtste?
-	 Wat zijn problemen/moeilijkheden bij het laten slapen van 
kinderen?
-	 Wat wisten jullie niet over slaap & kinderen voordat jullie 
kinderen kregen, en nu wel? Oftewel: wat weet ik als niet-ouder 
volgens jullie niet over slapen & kinderen?
-	 Hebben jullie informatie opgezocht over kinderen & slapen 
voor jullie ouders werden? Zo ja, waar en welke info?
-	 Hoe beïnvloedt het slaapritme van uw kind jou/uzelf? (slaap, 
emoties, gedrag, functioneren, etc.)
-	 Kunnen jullie stap-voor-stap op deze tijdlijn zetten & 
beschrijven hoe het kind(eren) naar bed brengen verloopt? (vanaf het 
moment dat het kind/de kinderen naar bed moeten tot ze slapen)
-	 Hebben jullie dingen die je altijd doet voor het naar bed gaan? 
Of bij het gaan slapen? (Hebben jullie speciale slaaprituelen?) Zo ja, 
welke?
-	 Welke van deze dingen/rituelen is het meest en welke het 
minst belangrijk? Hoe komt dat?
-	 Kunnen jullie merken of het kind wel of niet goed slaapt? Zo ja, 
hoe?

Appendix 1: interview questions
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Appendix 2: Research information interviews
Informatieformulier Interview over slaap van jonge kinderen 

De interviews zullen gaan over alles wat komt kijken bij de slaap van jonge kinderen. Het doel van het 
onderzoek is om een begrip te krijgen van de context, zodat een goed passend product kan worden 
ontworpen. Wat komt er allemaal spelen bij het naar bed brengen van kinderen? Welke 
slaapproblemen hebben ze? Zijn er producten die het in slaap vallen of blijven slapen helpen? Etc, 
etc. 

Tijdens het interview zullen geschreven notities gemaakt worden door de onderzoeker. Hierbij 
worden geen namen genoteerd, zodat de data anoniem blijft. Persoonlijke gegevens als naam, 
woonplaats of email adres worden dan ook apart bewaard van de interview data. Deze persoonlijke 
gegevens worden niet gedeeld buiten de onderzoeker (Marjolein Schoorl). De geschreven notities 
zullen worden vernietigd zodra het afstudeer project beëindigd is. Alleen geanonimiseerde data blijft 
bewaard in het afstudeer rapport. Er is geen risico verbonden aan deelname aan de studie. 

De Technische Universiteit Delft heeft als onderzoeksbeleid dat wetenschappelijke studies 
reproduceerbaar en controleerbaar moeten zijn. Om hieraan te voldoen moet de data vindbaar, 
toegankelijk, interoperabel (dat je er zonder beperking mee kan samenwerken), en herbruikbaar zijn. 
Aan het einde van het afstudeerproject wordt de geanonimiseerde data dan ook verwerkt in het 
Graduation Report, dat op repository.tudelft.nl komt te staan. 
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The filled in consent forms are not included in this report to 
ensure participants stay anonymous.

Appendix 3: Consent form 
interviews

Toestemmingsformulier onderzoek naar slaap van kinderen 
  

Selecteer alstublieft de gepaste circles Ja Ne
e 

 

Deelname aan de studie    

        Ik heb de informatie over de studie gelezen op [      /      /       ], of het is aan mij 
voorgelezen. Ik heb de kans gehad vragen te stellen over de studie en mijn vragen zijn naar 
tevredenheid beantwoord. 

   

        Ik geef vrijwillig toestemming om deel te nemen in deze studie en begrijp dat ik mag 
weigeren om vragen te beantwoorden en ik op elk moment me kan terugtrekken van 
deelname, zonder opgaaf van reden.  

  
 

 

        Ik begrijp dat deelname aan deze studie een interview betreft, waarvan geschreven 
notities worden gemaakt door de interviewer. Persoonlijke informatie wordt anoniem 
gemaakt voordat data wordt geanalyseerd. 
 

 
 
 
 

 

    
Gebruik van informatie in de studie    
Ik begrijp dat informatie die ik geef gebruikt gaat worden in het afstudeer project van 
Marjolein Schoorl, en dat resultaten van het onderzoek gepubliceerd worden in het afstudeer 
rapport (Graduation Thesis) voor de TU Delft. De resultaten van de interviews zijn input voor 
het ontwerp van een slaapproduct voor jonge kinderen. Data wordt tijdens het project 
beveiligd bewaard in de OneDrive van de TU Delft. 
 

 
 
 
 

 

Ik begrijp dat persoonlijke informatie die mij kan identificeren [zoals naam of woonplaats], 
niet gedeeld wordt buiten de onderzoeker. 

 
 
 
 

 

 
Ik geef toestemming voor het gebruik van geanonimiseerde quotes in onderzoeksuitkomsten. 
 
Ik stem in voor het overdragen van de gedeelde copyright over de tijdlijn opdracht naar 
Marjolein Schoorl. 

 
 
 
 
 
 

 
 
 
 

 

Toekomstig gebruik en hergebruik van de informatie door anderen    
Ik geeft toestemming voor het opslaan van geanonimiseerde data, namelijk de interview 
notities en tijdlijn opdracht, in database 4TU.ResearchData, zodat het gebruikt kan worden 
voor toekomstig onderzoek en leren door de TU Delft. 

 
 

 
 
 

 
 
 
 
 

 

Handtekeningen    
 
_____________________                 _____________________ ________  
Naam deelnemer                               Handtekening                  Datum 

   

    
Ik heb accuraat het informatieformulier voorgelezen aan de deelnemer en, tot het beste van 
mijn kunnen, verzekerd dat de deelnemer begrijpt dat ze vrijwillig deelnemen en toestemmen. 
 
________________________  __________________         ________  
Naam onderzoeker                 Handtekening                 Datum 

   

Contact onderzoeker voor verdere informatie: Marjolein Schoorl, 
m.b.m.schoorl@student.tudelft.nl 

   

 

[email]
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Appendix 
4: Notes 
interviews









P2)
19.00 uur kinderen naar boven 1 ouder mee
Oudste kleed zichzelf uit. Jongste wordt uitgekleed.
Oudste gaat zelf naar de wc en doet zijn luier aan
Jongste gaat even mee naar de wc en krijgt daarna luier en pyjama aan
Oudste pakt in de badkamer de tandenborstels en doet er tandpasta op. Jongste gaat in de stoel 
in de badkamer zitten en haar tanden worden gepoetst. Oudste poetst eerst zelf en ouder poetst 
na. 
Met een washandje maken we gezichten en handen schoon .
Samen naar kamer van jongste. Kort boekje voorlezen in de stoel met oudste en jongste. Vaak wil 
de oudste voorlezen
Oudste gaat naar eigen kamer. Jongste krijgt een kus en knuffel van oudste. Daarna slaapzak aan, 
slaapliedje zingen en in bed liggen.
Naar de kamer van de oudste, langer verhaal voorlezen op bed. Massage (huiswerk van logopedist 
om te ontprikkelen na een lange dag), Liedje en even knuffelen. Kleurtje als nachtlampje uitzoeken. 
Kus en knuffel
Jongste heeft speen en 2 knuffels in bed. Oudste 2 knuffels, oudste wisselt met knuffels. Hij mag 
er 2 van ons.

Appendix 5: Timeline exercise
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P4)
1.	 Na het eten (ca. 7 uur) geven we aan dat we naar 
boven gaan om te slapen
2.	 We vragen de kinderen om hun knuffels waarmee 
ze slapen te gaan pakken (indien die beneden liggen)
3.	 Ze gaan naar boven
4.	 De jongste krijgt een schone luier, de oudste gaat 
naar het toilet
5.	 Pyjama aan
6.	 Tandenpoetsen
7.	 De zusjes geven elkaar een knuffel en kus en ook 
aan de ouder die hen niet op bed legt
8.	 De jongste krijg haar slaapzak aan
9.	 Verhaaltje van Dikkie Dik voorlezen (allebei apart 
in hun eigen slaapkamer)
10.	 Jongste wordt op bed gelegd
11.	 Oudste doet de deur van haar slaapkamer op de 
juiste stand (zodat ze zicht heeft op de trap), doet het 
licht uit en gaat in bed liggen
12.	 Ik zing nog een liedje voor de oudste (iedere avond 
hetzelfde, fragment uit een klassiek muziekstuk) en geef 
haar een knuffel en kus. En met een ‘weltruste lief meisje, 
tot morgen’ loop ik haar kamer uit.

P5)
20 min ritueel. Plassen, tanden poetsen, pyjama, 
verhaaltje. Begin tijd maakt niet veel uit.

P6

P3
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P7)
19:00 naar boven, speen en krijn pakken (knuffel). Naar de badkamer 
om tanden te poetsen. Papa of mama poetst eerst en daarna A. 
Dan gaan we naar de zolder, verwisselen we de luier en doen we 
pyjama aan. En daarna lezen we twee boekjes. Een kinderboekje en 
een boekje van een Bijbelverhaal. En dan zingen we nog een liedje. 
En dan mag je zelf in bed klimmen. Dan kletsen we nog even hoe de 
dag is gegaan. Wat waren fijne dingen. Kusje en dan gaan we naar 
beneden. 
Klaar om 19.20/19.30. Half uur voor ritueel al rustige activiteiten. 
Niet meer rondrennen bijv.

P8)
Douchen, pyjama, tandenpoetsen, even lezen 5 à 10 min, kusje, aai 
over de bol, licht uit en slapen.

P9)
Start rond 19.30, wel kijken of ze moe is. Fles. IPad met rustig filmpje. 
‘S middags nog slapen als het ‘s avonds laat wordt. Omkleden, tanden 
poetsen, verhaaltje, zingen. Altijd hetzelfde liedje. Totaal +- 15 min.

P11)
Om 18.15 naar boven, dan uitkleden, schone luier en romper aan. 
Druppeltjes vitamine d. Dan T roepen die samen een boekje komt 
lezen. T gaat dan naar zijn eigen kamer pyjama aan doen en ik geef 
haar nog een borstvoeding op haar kamertje in het donker. Dan leg ik 
haar met slaapzak speentje en knuffel in het ledikant en ga weg om 
T naar bed te brengen.
Soms daarvoor nog even in bad beide.
Vaak is het als ik weg loop huilen. Ik ga dan niet gelijk heen want T 
heeft ook zijn eigen bed tijd ritueel.
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Appendix 6: Statement cards

112

11













Appendix 7: Excel sheet prototype self test
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Appendix 8: Brainstorm sketches
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Appendix 9: Online 
questionnaire, questions
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Appendix 10: Online 
questionnaire, results126
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Appendix 11: Scenario post-its
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Heartbeat: File: Heartbeat Sound Effect 01. Retrieved from: https://
www.soundjay.com/heartbeat-sound-effect.html
White noise, pink noise and brown noise: Made in Audacity by using 
Generate > Noise > White, pink or brownian types, 0.8 amplitude. A 
Low-Pass Filter of 40.0 Hz and 6 dB roll-off was put over all three 
noises.
Lullaby sound file: 10 Minutes Baby Bedtime Music Soothing Lullaby 
to go to Sleep Relaxing Music by Wonderful Lullabies. Retrieved from: 
https://youtu.be/arz-Y2N_LjQ 
Bedtime story: Nighty Night Forest | Lovely bedtime story app for 
kids & toddlers, by Fox & Sheep. Retrieved from: https://youtu.be/
wFYGKOr1zi4 
Rain rhythm: 30 Minutes Gentle Rain at Night, Rain Sounds for Sleep, 
Insomnia, Relaxing, Meditation, Yoga, Study, by The Relaxed Guy. 
Retrieved from:  https://youtu.be/CpS5Ex1Wx-4 
Binaural beats: Relaxing Theta Waves (15 min) - Binaural Beats - Slow 
Down Your Brainwaves, by MusicMindMagic. Retrieved from: https://
youtu.be/dxGU80Ny0JQ 

Appendix 12: List with links to sound files
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Informatieformulier onderzoek slaap van kinderen & trillingen 

Het doel van het onderzoek is om te ontdekken hoe volwassenen reageren op 
verschillende soorten trillingen in een matras. Welke soort trillingen helpt hun het 
meeste om in slaap te vallen? Het onderzoek is onderdeel van het Design for Interaction 
Master afstudeer project van Marjolein Schoorl. 

Het onderzoek zal worden gedaan aan de hand van een prototype in de vorm van een 
trillend matras. Een prototype is een test versie van een uiteindelijke product, en dus 
nog niet volledig af. Het is bijvoorbeeld nog niet volledig waterdicht, maar wel zo 
afgewerkt dat er geen gevaarlijke scherpe randen aan zitten. Het prototype matras is 
opgebouwd uit een laag hard schuim, met een Ikea PLUTTIG matrasje erbovenop. In 
het harde schuim zit een Tactile bass shaker, een speciaal soort speaker. Deze kan via 
de versterker (het kastje met die knoppen) verbonden worden met een audio apparaat 
zoals een mobiel, mp3, computer of laptop. 

Er geen aannemelijk risico verbonden aan deelname aan deze studie. 

Contactgegevens onderzoekster: Marjolein Schoorl, m.b.m.schoorl@student.tudelft.nl 

Datum: 26-11-2021 

 

 

 

    Hoeslaken 

 

    Versterker 

 

 

 

    PLUTTIG 

    Hard schuim 

Appendix 13: Research 
information test adults

Appendix 14: Consent 
form test adults

Toestemmingsformulier voor onderzoek met prototype naar de 
“slaperigheid” van trillingen 

  
Selecteer alstublieft de gepaste rondjes Ja Nee  

Deelname aan de studie    

        Ik heb de informatie over de studie gelezen op [      /      /       ], of het is aan mij 
voorgelezen. Ik heb de kans gehad vragen te stellen over de studie en mijn vragen zijn naar 
tevredenheid beantwoord. 

   

        Ik geef vrijwillig toestemming om deel te nemen in deze studie en begrijp dat ik mag 
weigeren om vragen te beantwoorden, of opdrachten uit te voeren, en ik op elk moment me 
kan terugtrekken van deelname, zonder opgaaf van reden. 

  
 

 

        Ik begrijp dat deelname aan deze studie een gebruikerstest aan de hand van een 
prototype bevat. Van de gebruikerstest zullen geschreven notities worden gemaakt door de 
onderzoeker. Persoonlijke informatie wordt anoniem gemaakt voordat data wordt 
geanalyseerd. 

 
 

 
 

 

Gebruik van informatie in de studie    
Ik begrijp dat informatie die ik geef gebruikt gaat worden in het afstudeer project van 
Marjolein Schoorl, en dat resultaten van het onderzoek gepubliceerd worden in het afstudeer 
rapport (Graduation Thesis) voor de TU Delft. De resultaten van de gebruikerstest zullen 
gebruikt worden om het productontwerp te verbeteren. Data wordt tijdens het project 
beveiligd bewaard in de OneDrive van de TU Delft. 
 

 
 

 
 

 

Ik begrijp dat persoonlijke informatie die mij kan identificeren (zoals naam), niet gedeeld 
wordt buiten de onderzoeker. 

 
 

 
 

 

 
Ik geef toestemming voor het gebruik van geanonimiseerde quotes in onderzoeksuitkomsten. 

 
 

 
 

 
 

 

Ik geef toestemming voor het maken van foto’s tijdens de test en het gebruik van deze foto’s 
in geanonimiseerde vorm in onderzoeksuitkomsten. 

   

Toekomstig gebruik en hergebruik van de informatie door anderen    
Ik geeft toestemming voor het opslaan van geanonimiseerde data, namelijk mijn reactie op 
de trillingen, en de ranking en rangschikking van de verschillende trillingen, in de online 
databank van de TU Delft, repository.tudelft.nl. Dit is de plek waar afstudeer documenten en 
universitaire onderzoeken op worden bewaard en gepubliceerd, zodat ze voor verder 
onderzoek en leren op de TU Delft kunnen worden gebruikt. 

 
 

 
 
 

 
 
 
 
 

 

Handtekeningen    
 
_____________________                 _____________________ ________  
Naam deelnemer                               Handtekening                  Datum 

   

    
Ik heb accuraat het informatieformulier voorgelezen aan de deelnemer en, tot het beste van 
mijn kunnen, verzekerd dat de deelnemer begrijpt dat ze vrijwillig deelnemen en 
toestemmen. 
________________________  __________________         ________  
Naam onderzoeker                 Handtekening                 Datum 

   

Contact onderzoeker voor verdere informatie: Marjolein Schoorl, 
m.b.m.schoorl@student.tudelft.nl 

   

 

 

[email]

[email]
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Appendix 15: Results test adults
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Appendix 16: Research 
information test children

Informatieformulier onderzoek slaap van kinderen & trillingen 

Het doel van het onderzoek is om te ontdekken hoe jonge kinderen tussen de 1 – 5 jaar 
oud reageren op een trillend matras. Welke soort trillingen helpt hun het meeste om in 
slaap te vallen? Het onderzoek is onderdeel van het Design for Interaction Master 
afstudeer project van Marjolein Schoorl. 

Het onderzoek zal worden gedaan aan de hand van een prototype in de vorm van een 
trillend matras. Een prototype is een test versie van een uiteindelijke product, en dus 
nog niet volledig af. Het is bijvoorbeeld nog niet volledig waterdicht, maar wel zo 
afgewerkt dat er geen gevaarlijke scherpe randen aan zitten. Het prototype matras is 
opgebouwd uit een laag hard schuim, met een Ikea PLUTTIG matrasje erbovenop. In 
het harde schuim zit een Tactile bass shaker, een speciaal soort speaker. Deze kan via 
de versterker (het kastje met die knoppen) verbonden worden met een audio apparaat 
zoals een mobiel, mp3, computer of laptop. 

Omdat het prototype nog geen volledig product is, wil ik nog niet hele nachten slapen 
met kinderen testen. Verder zal er tijdens de test, samen met de ouders, gelet worden 
op het geluidsniveau dat het prototype produceert. Met de volumeknop op het kastje is 
gemakkelijk een niet-schadelijk geluidsniveau in te stellen. Net als bij elke speaker in uw 
huis is het niet goed voor het gehoor van u en uw kind om de volumeknop zeer luid te 
zetten. 
Er geen aannemelijk risico verbonden aan deelname aan deze studie. 

Contactgegevens onderzoekster: Marjolein Schoorl, m.b.m.schoorl@student.tudelft.nl 

Datum: 26-11-2021 

 

 

 

    Hoeslaken 

 

    Versterker 

 

 

 

    PLUTTIG 

    Hard schuim 

[email]
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Appendix 17: Consent form 
test children

[email]
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Shortly before the midterm, a more detailed, revised planning was 
made for the second half of this graduation.Appendix 18: Revised planning
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Appendix 19: Project brief
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~ Thank you for reading ~


