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Abstract

Non-communicable diseases are the leading cause of death worldwide, with nu-
trition and sleep being two of the most significant factors contributing to their de-
velopment. Late-night snacking can negatively impact both factors because snacks
are often unhealthy, and eating many calories during the evening may negatively
impact sleep quality. This thesis aims to explore the possibility of using an artifact
to reduce late-night snacking by making it unobtrusive, tangible, and integrated
into the surrounding environment.

This research uses the design thinking process, which emphasizes a user-centered
approach to designing. To gain an understanding of the motivations and circum-
stances behind late-night snacking, interviews were conducted. The conclusions
gathered from these interviews were used to design and create a prototype that
can reduce late-night snacking, which resulted in a snack dispenser to provide a
healthy snack in the evening. This prototype can replace other snacking by creat-
ing an easy and satisfying user experience. After the user has finished their snack,
the prototype will emit a mint smell to reduce appetite.

Quantitative evaluation of the prototype was performed using AttrakDiff, a de-
tailed user experience questionnaire, while qualitative evaluation was done using
a focus group. Both tests resulted in primarily positive feedback from the partici-
pants. In addition to contributing a functional prototype, this thesis offers design
recommendations based on the results of the focus group. These recommenda-
tions provide practical improvements to the design that can be further explored.
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1 Introduction

Non-communicable diseases (NCDs), such as cancer, heart disease, and diabetes
are diseases that are not transmitted from person to person but are instead mostly
caused by unhealthy behaviors. Currently, they are the leading cause of mortal-
ity, contributing to 74% of deaths worldwide and 90% of deaths in the Nether-
lands [1, 2, 3]. A fundamental determinant in uencing the probability of con-
tracting such a disease is one's age. The aging process and the likelihood of de-
veloping an NCD can be accelerated by various factors, which may be environ-
mental, metabolic, genetic, or behavioral. An approach to prevent NCDs would be
to change people's behavior by improving physical activity, changing unhealthy di-
ets, reducing drug use, and increasing sleep quality [4, 5]. All these problems need
separate and unique solutions, because they have different causes.

This thesis focuses on reducing unhealthy eating habits late in the evening or
at night. Many people have a habit of eating right before going to bed. According
to the 2021 survey by the International Food Information Council [6], about 60%
of Americans snack after 20:00, with almost 20% eating a snack after 23:00. Late-
night snacking is when an individual eats before going to bed after dinner has been
completed. This de nition does not include dessert eaten right after dinner or noc-
turnal eating, where the snacks are consumed after waking up in the middle of the
night. While late-night snacking, individuals tend to eat unhealthy foods, which
can cause weight gain and other health issues that increase the probability of non-
communicable diseases in the long term. Another issue is that eating before going
to sleep [7, 8] may reduce sleep quality. These effects are further explored in the
background research in Chapter 2.

Kim et al. [9] show that 77.1% of college students in the area of Chungnam
in South Korea engage in late-night snacking, with more than 60% of those indi-
viduals snacking after 23:00. College students often snack more than adults for
various reasons, including hunger and social ones, because they care less about
their health than working adults. It has been found that some college students ex-
perience various health effects that are associated with late-night snacking such as
weight gain, psychological issues, headaches, and digestive problems [9, 10, 11].
Because the issue is so prominent amongst college students, this thesis will be fo-
cusing on this group.

There are many reasons an individual might eat before going to bed. One of
them is an early or small dinner, which can make the person feel hunger later
in the evening. Stress, anxiety, or loneliness can cause people to nd comfort in
food to relieve their emotions. Furthermore, social reasons can result in late-night
snacking as people often eat during social gatherings or events. Some individuals
experience hunger cravings that are not caused by a lack of food but by a habit
of snacking in the evening. These are some example of common reasons for late-
night snacking but many motivations exist.

The problem of late-night snacking can be challenging to deal with. Although
online advice on how to prevent eating before bed is easy to nd, but also easy to
ignore, and might not contribute much to behaviour change. Going to a therapist
is a big step to take. In the last decade, quite a few apps or devices to support



behaviour change have been developed, for example the calorie tracking app My-
tnesspal which is often used for weight loss [12]. No app or device for supporting
reducing late-night snacking was found. This may be because the problem is too
speci ¢, or because most people do not care about or are not aware of the impact
it has on health.

Another challenge is that there are many different reasons for late-night snack-
ing. These reasons will often require individual solutions, and therefore there ex-
ists no solution that will solve the issue for everyone. Late-night snacking might
be driven by complex negative emotions, which cause behavior that can be more
dif cult to change than regular behavior [13]. One of the most common reasons
for late-night snacking is because it happens in a social setting, where eating the
food is a part of connecting with other people. This can be part of the culture. So-
cial pressure is an important factor in in uencing behavior, making it challenging
to solve. For all of these reasons, it can be dif cult to present a solution that works
for all or even most individuals, as it requires a balanced approach. This solution
should be general enough so that it can help many people, but it should still be
speci ¢ to address individual motivations behind late-night snacking.

This thesis aims to explore the possibility of using an interactive tangible arti-
fact that can be integrated into the surrounding environment so that it is unobtru-
sive. Mobile applications are undesirable for these purposes as those have shown
multiple limitations, such as display blindness,, attention overload, and low recall
[14], therefore the goal is to make the device be tangible. The solution should be
unobtrusive so that the user is more motivated to adopt it. The research ques-
tion will thus be: how can a tangible interactive system that integrates into the
surrounding environment be used to reduce late-night snacking in university stu-
dents?



2 Background research

This chapter discusses the background research that has been done for this project
to get a better understanding of the problem at hand. First, the health impacts of
late-night snacking are clari ed, which shows when and how late-night snacking
can become a problem. This chapter also introduces habits as a solution for be-
havior change and describes how they can be implemented. Finally, an overview
is presented of the state of the art in the world of technologies that reduce eating
in general.

2.1 A de nition of late-night snacking

Late-night snacking is when a person has a snack more than an hour after nish-
ing dinner, before sleeping. A desert is not considered to be late-night snacking
because it is still a part of dinner. The snack can be any kind of food. The phe-
nomenon of late-night snakcing has been getting more media attention in recent
years [15]. Suri and Pradhan [16] state that almost 50% of adolescents snack late at
night.

2.2 The health impact of late-night snacking

The research about the health impact of eating before sleeping has produced vary-
ing results. When designing an artifact to reduce late-night snacking, it can be
important to know what type of snacking has an effect on the body and what those

effects are.

2.2.1 Late-night snacking and sleep quality

Research has yielded divided results on the impact on sleep quality from late-night
snacking. Sakthivel et al. [7] state that the studies on this topic all conclude a
worse sleep quality after late-night snacking, except one. This study [17] concluded
that there was no signi cant difference, although it mainly looked speci cally at
the impact on sleep apnea. Sakthivel et al. [7] contributed the deviating results
of Geliebter et al. [17] to the fact that it used an objective measurement of sleep
quality instead of a subjective one like the other studies, which all used surveys to
measure sleep quality.

When only looking at studies that use objective measurements of sleep, the re-
sults are still divided. Driver et al. [18] claim that eating a large meal 2-3 hours
before going to bed did not signi cantly affect sleep, although body temperature
did change. The fact that only seven healthy men participated in this study, de-
creases the statistical power. Another issue is that women might yield different re-
sults, which was the case in another study [8]. Here it was found that the intake of
high-energy foods correlated with decreased sleep ef ciency and increased sleep
latency, mostly in women. This correlation was weak in men. The data also sug-
gested that individuals who ate more fat in the evening had decreased REM sleep.



These correlations was not observed by Duan et al. [19], which compares the im-
pact on sleep quality and quantity of having a dinner 5 hours before bed, and a
dinner 1 hour before bed. It reported no signi cant differences in any of the sleep
measurements. Considering all this, it is dif cult to draw a de nite conclusion,

as the research is in disagreement. More research should be done using objective
sleep measurements.

2.2.2 How late-night snacking in uences the body

Late-night snacking will decrease fat oxidation in the short term and might cause
weight gain. An important consequence of late-night snacking is that lipid oxida-
tion is reduced [20, 21]. This has been found for women in [20], which also shows
an increase in LDL cholesterol after late-night snacking. This is supported by the
ndings of Driver et al. [18]. These effects will cause increased body fat, and in the
long term, increase obesity chances, which has a signi cant effect on the proba-
bility of contracting non-communicable diseases. Kelly et al. [21] agree with the
ndings about the reduction of lipid oxidation during the night. During sleep, an
increase in the respiratory exchange rate (RER) is also observed by Kelly et al.; this
refers to the volume of CO2 produced per consumed volume of O2, which can be
caused by reduced lipid oxidation. The increased risk of obesity from reduced lipid
oxidation is supported by McHill et al. [22], which found that individuals with high
body fat were more likely to eat before going to bed. Even though this is consis-
tent, these results are not found in other studies. An et al. [23] nd that late-night
shacking alone does not affect body weight, and a review [15] reports inconsistent
ndings regarding this topic. So, although the effects of late-night snacking might

be unhealthy and imply an increase in body weight, this result is not always re-
ected in the science.

Though some effects on the body have been reported, the true impact on the
circadian rhythm remains unclear. Where Kelly et al. [21] did not nd any differ-
ence in core body temperature at night after late-night snacking, Driver et al. [18]
did. This difference can be hard to contribute to one speci ¢ factor, but it might be
explained by the difference in calories consumed, because the participants in [18]
were eating a meal averaging 2846 kcal before 21:00, and the participants in [21]
were only eating a 700 kcal late-night snack. A clearer result came from a study on
rats [24]. It was found that a low dose of sugar could change the gene expressions
of Nampt, Bmall, Rev- erb ®, and Cart, all of which play an important role in the
regulation of the circadian clock. The effect late-night snacking has on rats, implies
that the effect on humans might be bigger than found thus far.

2.2.3 The impact of different foods on sleep

Only large meals or snacks might have a signi cant in uence on the quality of
sleep. A low-energy, nutrient-dense snack (less than 200 kcal) has been found to
have no effect on sleep quality [15]. It is common knowledge that mood-altering
substances, such as alcohol or caffeine, can worsen sleep quality, but regular nutri-
ents could also have an effect. Alahmary [25] found that consuming added sugars



is related to poor sleep quality in university students. A student with an intake of
added sugars throughout the day is 3.5 times more likely to get poor sleep quality
as well as a signi cant chance to get less sleep enjoyment. Alahmary et al. [25]
did not look at the speci ¢ timing of consumption, which makes it less relevant

to the research question. Soliz et al.[24] shows that rats who got a sweet treat ad-
ministered right before the sleeping period, had signi cant negative health effects,
indicating a poor sleep quality. More research has to be done into the effects of
consuming sugar right before sleeping on humans.

A nutrient that was proven to have bene ts when eaten before going to bed is
protein [26, 27]. Studies agree that consumption of protein late at night increases
muscle protein synthesis and has favorable effects on metabolism, such as an in-
creased resting energy expenditure in the morning.

2.2.4 Conclusions

The goal of this background research was to gain insight into how different factors
of late-night snacking impact health, and to answer the research question: to what
extent does late-night snacking impact the health of healthy adults? The research
relating to this question does not always give clear conclusions and papers often
contradict each other, but there are still some insights to be gained. It appears that
eating a high-energy meal before bed can impair sleep quality, although not all
studies have observed this. It is possible that the effects of eating before bed vary a
great deal from person to person, explaining the different results obtained from the
studies. Another important consequence of late-night snacking is that fat oxidation
will be decreased, which suggests potential weight gain in the long term, but not all
science agrees with these results. So, for some people, late-night snacking can have
adverse health effects through worsened sleep quality and less fat burning, but this
conclusion is not applicable in many situations, including where the snack is small
or where the individual is unresponsive to the averse effects of late-night snacking.

For people who are concerned about their health, it is important to know which
habits have harmful effects and which habits do not. This is why more research
should be done to provide a clearer answer to this research question. The current
science is limited because it often does not have many participants, or subjective
measurements are used to assess sleep quality. A study on the relationship be-
tween the number of calories consumed shortly before sleep and sleep quality is
needed, as well as a study that investigates the importance of timing. It should
become clear how much time is optimal between the end of the last meal and the
start of sleep. Finally, the difference in the impact on sleep from late-night snack-
ing between men and women should be studied, because a difference has been
observed, but the science on it is still very limited.

2.3 Habits

Habits play an important part in health-related behavior change. In many cases,
health behavior interventions only last for a short time as people quickly go back
to their old behaviors, weakening the health effects caused by the healthy behavior



[28]. This is why forming new habits is necessary. Habits will shape a person's
identity from a person who does late-night snacking to a person that does not eat
much after dinner [29, 30, 31]. These sources also found that identity can shape
habits: someone who identi es as a runner, will be more inclined to often go for
a run. Creating healthy eating habits will make people healthier and give them an
improved self-image.

A method of changing one's behavior is called a Behaviour Change Technique
(BCT). To change behavior on the long term, habit formation is required, which
is listed as technique 8.3 in the BCT Taxonomy [32]. Listing 93 unique BCTs, this
taxonomy presents a clear list of well-de ned techniques with consensus. The BCT
taxonomy will be used to refer to and de ne BCTSs in this GP.

2.3.1 The dif culty of habit formation

Forming good habits can be dif cult, as is eliminating bad habits, but by using
the right techniques it becomes easier [29]. People often try to rely on motiva-
tion and self-control to change their behavior, but this method is unreliable in the
long term. People with problematic habits of overeating with the intention to stop
this behavior have been found to fail their goals, because when a cue associated
with eating is presented to them their goal-directed behavior transforms into ha-
bitual behavior [33]. Reinforced habits that have been repeated many times are
immensely dif cult to change by relying only on motivation and self control.

2.3.2 How to change habits

The book Atomic Habits by James Clear [29] describes a four-step process of build-
ing habits in Chapter 3. A cue associated with the habit is what triggers the habit.
This is followed by a craving which is the desire for the result the habit produces.
The craving is met with a response, the third step in the process, which is the per-
formance of the action that is involved in the habit. Finally, there is a reward which
satis es the craving. An example would be a person smelling a sweet pastry as they
pass by the bakery, which is followed by a craving for that pastry. The person eats
a pastry so that the craving is satis ed. This would contribute to a habit of getting

a pastry when walking past the bakery.

To change a habit, multiple methods can be used to in uence all four of these
states. To create a new habit it is important to create an obvious cue that will
trigger it. This cue could be a sound or a visual interruption so that it cannot be
missed. For a craving, the desired behavior should be made attractive, the desire
to do something becomes much stronger when there is an immediate reward for
performing that action. By making performing the habit easy, the response will be
more likely to happen. The action should not take long and not involve compli-
cated decisions, because a big change in behavior is much more dif cult than a
small change. At last, the habit should have a satisfying reward in the short-term.
By using these four steps, it becomes much easier to continue the habit on the
long-term.
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FIGURE 1: The Bite Counter

2.4 Existing solutions

A device that speci cally aims to reduce late-night snacking has not been created
before, but many different devices have been created with the goal of helping indi-
viduals lose weight. The problems that come with weight loss are similar to those
that occur when trying to reduce late-night snacking, as both goals amount to re-
ducing food intake, only the context and reason behind food intake may be differ-
ent. For these reasons, mainly general weight loss devices that do not address a
speci c issue will be looked at.

2.4.1 Tracking devices

The least invasive types of intervention are devices that track how much you eat
and tell you when it becomes too much. Such devices often come in the form of a
smart kitchen tool or a mobile application, but, as explained in Chapter 1, mobile
applications will not be considered because of their limitations. An example of this
type of intervention is the Bite Counter [34], as seen in Figure 1. This device can
detect wrist motion to identify when someone takes a bite. Normally it displays
the time like a regular watch, but when a button is pressed it tracks the number of
bites someone takes and displays them. Scisco et al. [35] show that this device can
be used to achieve a slower rate of eating which can reduce calories consumed for
people with a high calorie baseline. Another use would be to provide bite count
targets to also reduce calorie intake [36]. An advantage of using a wrist-worn de-
vice is that it can be used in any environment to track food, which is not the case
when using scales or image processing [34]. The downside is that it cannot mea-
sure calories or nutrients on its own.

Another tracking device is the Smart Plate [37], depicted in Figure 2. This plate
contains three integrated weight sensors that can measure the food in three differ-
ent compartments. These sensors share their data with a mobile application that
can use the mobile camera to take a picture of the food and can track what food is
presented on the plate by using an Al. By combining the data of the weight sensors
and the picture the app can analyze the meal, telling us the energy, macro, and mi-
cro nutrients the meal contains. This data is then transferred to a virtual coach that
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FIGURE 2: A smart plate can track food consumption

helps the user meet their weight loss goals. A limitation of the smart plate is that
the user always needs to eat from this plate to consistently track their food intake.
The coach needing the data on all food intake could become a problem because
food tracking can get cumbersome for users.

Diet tracking with these devices is not a viable long term option for most users,
because it requires too much effort and is often inconvenient. It has been observed
that when individuals track their diet with the goal of losing weight, the number
of logged foods go down after only some a few weeks, implying that individuals
become less accurate in their reports [38]. Inconsistent tracking is not effective
for weight loss [39]. Because of these reasons, diet tracking is not a permanent
solution for most individuals.

2.4.2 Food intake limiting devices

Other solutions for weight loss create a physical barrier when eating food by re-
ducing the available space in the mouth. As described by Ryan et al. [40], the
SmartByte™ system is a medical device that promotes mindful eating by slowing
down the rate of eating by decreasing the volume in the mouth, pictured in 3. It
has the end goal of reducing energy intake and accomplish long term weight loss.
Every individual needs one that is tted to their mouth. They only wear it while
eating. It was found that eating quickly leads to over-eating and weight gain [40].
Wearing this device resulted in weight loss and improved health.

A similar but more extreme device was reported by Brunton et al. [41]. This de-
vice was put in the participants mouth for two weeks without interruption, causing
them to not be able to open their mouth more than a few millimeters. This restricts
the individual to a diet of only liquids, while the ability to breathe and talk remains.
This device is suited for extreme weight loss; the participants in the study had an
average BMI of over 40 and lost over 6 kilograms in 2 weeks.

These types of devices have been shown to achieve results in weight loss [40,
41], but are extreme solutions. According to Brunton et al. [41], individuals re-
ported to nd them occasionally embarrassing and the devices can be uncomfort-
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FIGURE 3: The SmartByte™, a device that sits in the mouth while eating

able, making these solutions inappropriate for most of the population. The sys-
tems are designed to use temporarily, but a long-term solution is preferred.

2.4.3 Cue removing devices

Finally, there is also a group of devices that focuses on removing the cues that are
associated with eating. There are various boxes available that can lock away an
addicting things for a set amount of time, including foods [42]. These can work
in certain situations, but effective usage can be dif cult. Locking away food every
evening takes effort and is unrealistic for most people. Another problem is that it
is impossible to lock away all foods, thus making these devices only useful when
only one certain food is causing the overeating.

FIGURE 4: Someone inserting the NozNoz

Another device that aims to support weight loss through removing cues associ-
ated with eating is the NozNoz, a soft wearable nasal insert that reduces the sense
of smell by directing air ow away from the olfactory receptors [43]. The smell of
food can induce an unconscious cue that can cause a craving for that food. This
wearable can reduce cravings for food by in uencing the subconscious. It is not as
invasive as some of the devices previously mentioned as it does not require effort

13



to use it and it sits in the nose discretely. NozNoz [43] claims the device is com-
fortable when the user has adjusted to wearing it, making it a long term option for
healthy eating. Someone inserting the NozNoz can be seen in Figure 4.
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3 Methods and Techniques

To answer the research question posed in Chapter 1, it is useful to follow a strong
methodology that has been proven to solve problems. This chapter discusses how
design thinking is used to nd a solution to the problem of how to reduce late-
night snacking using interactive technology. First, the idea of design thinking and
its bene ts are explained. This is followed by an overview of the design process
and later each step of the process is discussed in more detail and how they are
applied in this project. All techniques used to gather or process information will
be introduced here.

3.1 Design Thinking

The designing in the project will be done according to the design thinking process
as described by the Interaction Design Foundation [44, 45, 46]. It is a process that
aims to encourage innovative and creative solutions based on user needs. This
is done by creating a deep understanding of the problem and rede ning it with a
user-centered problem statement to then use that to generate many different ideas
for different types of solutions. Fast prototypes are used to evaluate these ideas
together with the user. This approach always revolves around the user. For these
reasons it is a tting methodology for this project, because it requires a creative
solution with a user-centered approach.

3.1.1 The problem with ill-de ned problems

Designers are often faced with ill-de ned problems which lack a clear solution and
have many uncertain characteristics such as when, why, how, and to whom they
occur. lll-de ned problems are always unique and therefore require a unique so-
lution. It is still possible that solutions to other problems can serve as building
blocks for this solution, but it can never be copied one to one. Another big chal-
lenge when solving ill-de ned problems is the fact that the perfect solution does
not exist. Often the designer has to estimate what a good solution would be and
then commit to it, even though a better solution might reveal itself with hindsight.

3.1.2 The ve stages of the design process

There are ve stages of design thinking: empathize, de ne, ideate, prototype, and
test as can be seen in Figure 5 [44, 45]. This is the most common order, but these
stages are not linear and can done out of order, or at the same time, or they can
even be repeated or emitted. The rst stage, empathize, is about exploring the
problem and getting to know the user; the result should be a a greater insights into
the user needs and an understanding of the problems that need to be solved to
ful Il those needs. The de ne stage is about creating a human-centered problem
statement based on the information from the previous stage. Designers should not
express the statement as a need for themselves, but only for the user. Now the
designer can ask themselves how they might Il these user needs and what their
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