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cook more at home, systems should make the cooking process more sociable; it should enable the student to easily keep track of expirations dates on groceries; make the cooking process more efficient; inspire the student and provide healthy alternatives to
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each other; positive change in mood; easing the everyday.
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sociability, connectedness and the ability to make everyday activities easier should play an important role
when designing systems for this purpose.
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Introduction

Studies have shown that the American lifestyle of college students have changed
over the past decades [1]. This new lifestyle is more fast-paced with less free
time, meaning that people resort to convenience food products rather than home
cooked food [1, 2, 3]. Studies carried out among 19-29 year old American individuals have shown that 57% ate their meals at home in 1996, while this number
was 73% in 1978 [1]. These same individuals reported to have consumed 31%
of their meals at restaurents and fast-food restaurents, while the number was
15% in 1978 [1]. Commercially prepared meals are also winning pace, research
from 2000 showed that 41% of the American population admitted, that they
consumed three or more commercially prepared meals a week - compared to
36% in 1992 [2] .
Similar studies have been carried out in European countries, like Denmark, and
showed the same tendencies. According to [4] only 50% of danish adolesences in
the ages of 15-24 eat breakfast everyday, only 33% eat lunch everyday and about
75% eat dinner everyday. Like in America, Danish adolesences are also eating
more preprocessed food. According to [4], the daily intake of preprocessed food
have increased from 79 grams a day in 2000 to 104 grams a day in 2004.
Pervasive computing is a term for information and communication technology
integrated into our environment. The advancement in hardware development as
well as advances in location sensors, wireless communication and global networking has allowed for pervasive computing to emerge. Today pervasive computing
is in everything from toys and desktops to factories and city areas and supports
human activities in many areas [5]. The question is whether the potential of
pervasive computing, could also be used to change peoples cooking and eating habits and thus the overall research question for this master thesis is: Can
pervasive computing be used to change peoples cooking and eating habits?. Below this research question is divided into two separate research questions, each
studying different aspect of this overall research question.
Studies like [6, 7] have shown that due to the proliferation of convenience food,
children are less inclined to learn the skills of cooking. A study carried out in
Great Britain showed, that adults that lack the skills to cook are less inclined
to learn how to cook and cook at home, choosing the alternative of eating out
or eating pre-processed meals instead [8]. Not only is it an expensive habit, but
a concern for public health, as eating away from home and eating preprocessed
food constitute a potential health risk [2, 9].
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CHAPTER 1. INTRODUCTION

The first research question is What are students cooking habits and can pervasive
computing be used to motivate students to cook more at home?
Consequences of these unhealthy tendencies may be that more people will end
up being hospitalised, which will constitute a new problem. Studies have shown
that malnutrition among patients is common [?, ?, ?, 10]. The consequences
pertaining to malnutrition of patients is complications in treatment, infections,
prolonged stay, morbidity and mortality [10]. The differences between well nourished and undernourished patients were studied in [11]. They found that in
average, undernourished patients stayed hospitalised six days longer than well
nourished patients and 19.4% compared to 10.1% experienced complications or
infections during their treatment. Mortality was also significantly higher for
undernoursihed(12.4%) patients compared to well nourished patients(4.7%).
In addition to having an impact on the patient, the treatment of undernourished patients also influence the health sector in terms of expenses. In [11] they
identified that an undernourished patient represented a mean daily expense of
US$ 228.00/patient compared to US$ 138.00/patient for well nourished patients
- representing a difference of 60.5% in expenses. To study whether or not pervasive computing can change this, the second research question is Can pervasive
computing be used to motivate patients in a hospital to eat more?
This summary consist of the following chapters: Chapter 2 contains resumes of
the two articles. Chapter 3 present the research methods used in this master
thesis and chapter 4 concludes this summary with a conclusion, limitations and
future work for this master thesis.
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Article Overview
This chapter provides a resume of the two articles comprising this master thesis.

2.1 Article 1
This article focuses on the problem that students do not cook at home. Studies
have shown that students, and young people in general, are becoming increasingly inclined to eat pre-processed food, take away or restaurant food. The
consequences of this tendency are that students eat more unhealthy food and
does not acquire the skill to cook them selves.
Using a literature survey this article examined the research done so far within
the area of pervasive computing in the kitchen. This was done to try and determine what had been done, to make the experience of cooking more attractive for
students. By making a literature study it was possible to determine the main
areas of research that have been focused so far. Six areas were identified; systems that are interactive; systems that provide visual aid; systems that enhance
user experience; systems that educates; systems that supports and systems integrated into the kitchen environment. This information was used to make sure
we would not repeat previous research and to enable us to compare our results
with current research.
A questionnaire was sent to students at three departments at Aalborg University,
in an effort to determine students current cooking habits. 96 students answered
the questionnaire and from the data it became apparent that the main causes
for students not to cook at home were; lack of time and a lack of inspiration for
what to cook. The questionnaire showed that 37% of the participants almost
always cooked at home, 49% cooked often at home, 13% cooked occasionally and
2% never cooked at home. Inspiration for what to cook was primarily found on
the Internet.
A Workshop was held, with nine participating students. During the workshop,
students were given a series of exercises that helped them come up with ideas
for new systems, that could motivate them to cook more at home. Eight ideas
were generated by the participants.
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CHAPTER 2. ARTICLE OVERVIEW

The main ideas were; an adjustable meal planning system, that was able to
keep track of expiration dates of groceries in the refrigerator; a point system
that motivated students to cook and eat together by issuing points based on the
meal and a system that would make it possible to connect peoples refrigerators,
to help friends cook and eat together, based on what groceries they had in their
refrigerators.
This article identified five main areas of interest if new kitchen system were to
be developed to motivate students cook at home. To motivate students, systems should either make the cooking process more sociable; enable the student
to easily keep track of expirations dates on groceries; make the cooking process
more efficient; inspire the student; provide healthy alternatives to both recipe
suggestions and ingredients. These could also be combined.
In conclusion, this article showed that a different approach than the one currently taken by researchers, is needed to be able to create new kitchen systems
that would motivate students to cook more at home.

2.2 Article 2
This article focuses on whether or not it is possible to use pervasive computing
to motivate patients at a hospital to eat more. Research have shown that undernourishment among patients in hospitals is a significant problem and that the
consequences pertaining to undernourishment are complications in treatment,
infections, prolonged stay, morbidity and mortality.
To try and motivate patients in hospitals to eat more, an empirical study were
carried out. In this study, a system consisting of a laptop with Skype installed
and Internet access was utilised. The system made it possible for patients and
relatives to see and communicate with each other, when not physically present
at the same place. Five patients patients participated in the study. Each participant had to chose a relative to participate in the study. The system was set-up
in the ward of the patient and the home of the relative. Instructions were given
on how to use the system to eat supper together.
The duration of the study for each couple participating lasted at least four days.
During this time, interviews were used to gather data. Data was gather before
the study was initiated, after the first time the couple had used the system,
when the couple had used the system for at least three days and finally when
the study were completed. In total 37 interviews were made. To be able to analyse these interviews using grounded theory, transcripts were made. Transcripts
were in average seven pages and in total 249 pages of transcript were made.
Findings from the study suggested, that the system could motivate patients to
eat more when admitted. In addition to this, the study showed that the system
motivates patients to try and eat. Patients felt happier, not so far apart from
their relative and less alone when they used the system.
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Benefits for the relatives using the system were also identified. These included
being able to see and communicate with the patient, without visiting them at
the hospital; released them of stress; eased their everyday and improved their
mood.
Finally, the system gave participants a feeling of eating supper together, the
only thing reported missing were the physical presence.

5

3

Research Methods

A number of research methods have been used in this master thesis, these will
be described in the following sections.

3.1 Literature Survey
A literature survey was used to be able to identify the research done within the
field of pervasive computing in the kitchen and to be able to determine the focus
areas of this research.
General: A literature survey is used to gather existing literature and research
on a specific area of interest.
Method:: The literature survey was made by searching a variety of digital
databases for publications pertaining to pervasive computing in the kitchen.
Inclusion criteria were made to limit the search. Affinity diagramming was used
to be able to create a literature table identifying the main interest areas of
research in these publications. Resumes of the publications found were made
and each group member had to create keywords describing the content of these
resumes. Keywords were then grouped into groupings with related keywords by
each group member. These groupings were given a title or theme. When group
members had done this, the group, in conjunction, created the literature table
from these groupings.
General problems: According to [12] the major drawbacks related to making
a literature survey are that it may be time consuming to search for literature. It
may be difficult to find literature if the search criteria are too strict or specific.
Finally, not only digital databases should be search.
Specific counter measures: For the literature survey in article one, a completion date was set to make sure it would not be too time consuming. Two
weeks were used to search for literature. We made the mistake of being to specific in our search for literature and using only digital databases, limiting the
amount of literature found to be relevant for the literature survey. However,
follow-up searches, both on the references in the literature and of the authors
were made, to make sure no important or newer literature was missed.

3.2. CASE STUDY

3.2 Case Study
A case study in the form of a workshop was conducted with nine students. The
aim of this workshop was to have students come up with new ideas for systems
that could motivate students to cook more at home.
General: According to [13], a case study is a detailed examination of one
or more situations. It can be used to do an in-depth examination of a single
individual or group, to build understanding, generate theories and hypotheses,
present evidence for the existence of certain behavior, or to provide insight that
would otherwise be difficult to gather.
Method:: The workshop was carried out in one day and lasted for four hours.
The nine students participating were split into three groups, in a way that
allowed a group to be dominated by male participants and a group to be dominated by female participants, to see if any clear difference would emerge between
these groups. The groups were then given three exercises that should help them
think of new ideas for systems that would motivate students to cook more at
home.
General problems: According to [14] the drawbacks of using case studies
are that there is no systematic way of handling the data generated during the
study, that it is very time consuming and it can be difficult to find suitable
participants.
Specific counter measures: To be able to gather the data we were interested in, a premade form was handed to each of the group at the end of the
workshop. The groups were explained how and what to write in this form. We
had problems finding participants for the workshop and was forced to used primarily students that we knew. To generalised the findings from the workshop,
we used participants from different study programs and age groups and both
female and male participants.

3.3 Questionnaire
A questionnaire was used to gather information of students current cooking
habits, design of their kitchen and reasons for not cooking at home.
General: According to [13], questionnaires are good at collecting data from a
large number of people at a relative low cost.
Method: In this study we were targeting students, which is a rather large
group of people, so a questionnaire seemed reasonable. Using [13] as guide, we
created a questionnaire consisting of five sections each dealing with an area we
were interested in gathering information about. The questionnaire was sent to
three study program; Computer Science(CS), Architecture & Design(A & D)
and Humanistic Informatics(Hum. Inf.) at Aalborg university.
7
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General problems: According to [13] questionnaires are good at getting limited ’shallow’ data for a large number of people, but is not very good at getting
’deep’ data. Other drawbacks are that it is usually not possible to do follow-up
questions if interesting phenomena starts to appear and that questionnaires are
prone to bias, if questions are related to patterns of usage.
Specific counter measures: Since the data that acquired by this questionnaire by nature was shallow, nothing was done to overcome this problem. To
try and overcome the problem of not being able to do follow-up questions, space
was left at questions, which we sort might generate some interesting responses.
This meant participants were able to elaborate. Careful consideration was taken
when making the questions for the questionnaire to reduce biased questions and
questions relating to patterns of usage.

3.4 Interviews
Interviews were conducted to gather data during the study of each patient participating in the empirical study.
General: According to [13], the benefits of using interviews are the ability to
’go deep’ and gather data that would otherwise have been difficult to gather
and the flexibility interviews provide.
Method: During the study of each couple participating, data was gathered
using interviews. Participants were interviewed before they started using the
system, after they had used it once, when they had used it for at least three
days and finally when the study was completed. Interview was chosen rather
than questionnaire due to the ability to get detailed feedback from participants.
Semi-structured interviews were used. General question were made to make sure
important topics were covered during the interview, additional questions were
then asked based on the replies of the participant. Question were, whenever
possible, asked in an open-ended fashion to encourage participants to be more
detailed and elaborated in their answers.
General problems: According to [13] the downsides of using interviews are
that they can be difficult to conduct and requires skill and experience to do
properly. Data analysis of data gathered during an interview is also like to be
very time consuming and challenging.
Specific counter measures: To try and compensate for the lack of experience with interviews, guidance was acquired from the supervisor and another
professor at the university. This was done by making transcripts of the first
interviews, review these and receive guidance as to what was missing and what
could be change for next time. This routine was used during the first couple of
interviews to refine them. A program was used to make the analysis of the data
from the interviews more manageable.
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3.5. GROUNDED THEORY

3.5 Grounded theory
To be able to structure and analyse the qualitative data gathered from the
interviews, grounded theory was used.
General: [13] states that grounded theory have the advantages of enabling
systematic analysis of qualitative data and generate theory that can be backed
up by ample evidence.
Method: Interviews were transcribed and imported to program called Atlas.ti
6.2. Using open coding and coaxial coding main categories were identified.
General problems: According to [13] the downsides of using grounded theory are, that during the coding stage, novice users might be overwhelmed by the
data. Another problem is that it may be hard to evaluate theories. The evaluation of theories depends on measures that are less direct, such as the chain
of evidence between the finding and the data or the number of instances in
the data. Finally, theories might be influenced by the researches pre-conceived
opinions.
Specific counter measures: To help manage the overwhelming amount of
data Atlas.ti 6.2 was used.
The main benefits of using these methods are that they in general explores
topics in more depth and detail than quantitative research would have. they
are good at exploring phenomena, describe variation and individual experiences
as well as group norms. The drawbacks of using these methods is that it is not
possible to quantify how many answer one way or another and that the findings
can not be generalised to a broader audience.[15]

3.6 Limitations
The main limitations during the questionnaire study were, that the questionnaire was distributed by mailing list at Computer Science(CS) but at Architecture & Design(A & D) and Humanistic Informatics(Hum. Inf.) it was put on
their Intranet. This resulted in a limited amount of responders from A & D
and Hum. Inf.. and disproportionate data regarding gender. Responders were
predominantly males. Further more, as results from the questionnaire were analysed it became apparent that certain questions were either to poorly structured
to gather all the information needed or questions were missing that would have
given important data. These included the amount of table space students had
available and the eating habits of students.
The interviews used to gather data from participants were another limitation. [13] recommends that fully structured interviews are used, when the interviewer is not experienced in conducting interviews. In this study semi-structured
interviews were used even though the interviewer had no experience. The main
9
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reason for using semi-structured interviews was that it was difficult to predict what would be said during the interviews. Four different interviews, with
different context, was conducted with each participant. The semi-structured
interviews contained the subjects of importance for the study, but also allowed
the interviewer the opportunity to ask new questions during the interview if
something interesting was stated.
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Conclusion

This master thesis tried to answer the question: Can pervasive computing be
used to change peoples cooking and eating habits?. Two specific target groups
were examined to try an answer this. The first research question What are student cooking habits and can pervasive computing be used to motivate them to
cook more at home? was answered in article 1, where students cooking habits
and reasons for not cooking at home were examined. Data collected from this
was then used to motivate a group of students to identify systems that would
motivate them to cook more at home.
What can be concluded from this study is that in order to motivate students to
cook more at home, a different focus is needed when designing new systems for
the kitchen. New systems that aims a motivating students to cook more, should
focus on making the cooking experience more sociable, more efficient, inspiring,
make management of groceries easier and focus more on healthy food.
The second research question Can pervasive computing be used to motivate patients in a hospital to eat more? was answered in article 2, where patients at
a hospital were equipped with a system enabling them to see and communicate with a relative while eating supper, even though they were not physically
present in the same place.
From this study it can be concluded that enabling patients to see and communicate with relatives does indicate that it can increase patients food intake. In
addition to this, enabling patients and relatives to see and communicate with
each others brings forth an array of other benefits like; positively affecting the
mood of both patient and relative, decrease the feeling of loneliness, make patient and relative feel closer to each other, motivate the patient to try and eat
and ease the everyday of the relative.
So based on these results, the answer to the question stated by this master
thesis: Can pervasive computing be used to change peoples cooking and eating
habits? is that this study indicates that for specific target groups it is possible
to change cooking and eating habits by using pervasive computing. The results
show that systems that incorporates the element of sociability is likely to have
an effect on people cooking and eating habits.
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Furthermore, systems should try to improve or ease users everyday. This could
either be by allowing them to manage certain aspect of their everyday easier
or to make certain activities possible without having to be physically present.
Systems that allow people to stay connected over distance also seems to be able
to motivate users to use these types of systems.
When evaluation the results of this master thesis, some limitations of the work
should be considered. The number of patients participating in the study were
rather limited. However, having a limited amount of participants made it possible to do a more in-depth study of these patients. Over a two month period
only five patients were able to participate. To be able to have more patients
participating it might be necessary to cooperate with more departments than
three, as in this study. The fact that only five patients participated also makes
it difficult to generalise the results from this study.
The patients themselves also played a major role. In this study the opportunity
to screen and find suitable patients to participants was not present. This meant
that of the five patients, three of them had intestine problems and were fed
nutrition intravenous, resulting in limited appetite. Medication and treatment
also played a major role; the patient would be able to eat one day and then,
due to treatment or medication, not be able to eat the next day. Further more,
the patients participating in this study were all above 50 years of age.
Finally, to be able to more precisely determine the effect the system has on food
intake, measurement of food intake would have to be done. In this study it
was not done, as the hospital personal deemed it redundant. For measurements
of food intake to be meaningful and useful at least 150 patients would have to
participate and a control group would be needed.
Lots of opportunities for doing future work based on this master thesis are
present. In article one, five areas were identified that could potentially help
motivate students to cook more at home. These areas could be used as inspiration for new systems and examine whether or not they actually do encourage
students to cook more at home. Otherwise the main ideas identified by the
groups participating in the workshop could be subject to further research, to
see whether or not they would have any effect on students. Target groups could
be changed to see what similarities and differences are present between different
target groups.
Another prospect for future work is the system used in the second article. A
large scale study could be made, to generalise the effects of the current system
and prove or disprove the findings in this study. Modifications to the system
could be made to examine what impact or influence they would have on eating
habits. The study of one patient and relative could be prolonged to examine
the effects of the system over a longer duration of time. Studies could also be
made, to look at what it would take to make a system like this a general tool
available at hospitals.
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has changed, hardware development has advanced significantly, as well as advances in location sensors, wireless communication and global networking. This has allowed for pervasive computing to emerge. Today pervasive computing is
in everything from toys and desktops to factories and city
areas.

ABSTRACT

Pervasive computing is information processing, that has been
thoroughly integrated into everyday objects and activities.
This has the potential to be integrated into kitchen activities,
to help and motivate students to cook at home. In this paper,
we report from a 3-way study consisting of a literature study,
a questionnaire and a workshop. The literature study showed
that the technical aspects have been well studied while other
areas were less studied, e.g. inspiring the user to cook. The
questionnaire was used to investigate students kitchen and
eating habits. It showed that students do not find the actual
cooking troublesome, rather it is lack of time, inspiration and
motivation. A workshop was held, with students attending,
in an attempt to come up with ideas that potentially could
motivate students to cook more at home. Findings from this
study suggest, that pervasive computing can be used to motivate students to cook at home, but that focus need to change.
Instead of focusing on the technicalities, focus should be on
providing sociability, inspiration and time efficiency.

During the last decade, pervasive computing in the kitchen
has emerged as a research area. [13] describes one of the first
attempts to integrate pervasive computing into the household
kitchen, by designing an interactive counter. However, most
of the research done so far has primarily focused on solving
a specific problem in the kitchen or helping with a specific
task within the kitchen.

A multitude of problems have been tried and solved by using pervasive computing, from systems that allow a person
to watch nutritions in the food being prepared [8], to systems that guides and helps people to cook certain dishes [16].
What most of these system focus on is providing the person in the kitchen with visual help. This could be by augmenting the table surface of the kitchen to act as a virtual
Author Keywords
recipe book [13]. By placing touch screens in the kitchen
Kitchen, Literature study, Questionnaire, Workshop, Pervathat shows information on how to create a dish [10], which
sive computing
the person can interact with using either touch or voice commands [5], or by using projectors to project cooking inforACM Classification Keywords
mation onto different surfaces [3] that are available in the
H.5.2 Information Interfaces and Presentation: Miscellaneous— kitchen. These systems tends to focus on helping, educating
Optional sub-category
and improving the experience of being in the kitchen, without concerns of whether or not people even cook or want to
General Terms
cook.
See list of the limited ACM 16 terms in the instructions, see
In this paper, we propose another angle of research for this
http://www.sheridanprinting.com/sigchi/generalterms.htm.
area, where pervasive computing is used to motivate people to use the kitchen, rather than focusing on helping with
INTRODUCTION
a specific problem. The results presented from this 3-way
Pervasive computing is a term for information and commustudy is used to show the potential for pervasive computing
nication technology integrated into our environment. Mark
in students kitchens, to motivate students to cook more at
Weiser described his vision for pervasive computing in [22].
home.
He imagined pervasive computing seamlessly integrated into
In the following section we present previous research within
the environment providing valuable services for humans in
the field of pervasive computing in the kitchen, in the form
their everyday life. Since he wrote that article, lots of things
of a literature study. Next, we present the results from a
questionnaire exploring students cooking and eating habits.
Next, we present the results of a workshop carried out in an
Permission to make digital or hard copies of all or part of this work for
attempt to identify and solve the problems students have for
personal or classroom use is granted without fee provided that copies are
not cooking at home. Finally, the combined results of this
not made or distributed for profit or commercial advantage and that copies
3-way study will be presented, showing the major findings.
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cover the content of the publications. Keywords were then
posted to a Wiki containing the resumes of the publications.
Keywords were not posted before both group members had
categorised them, in order to avoid bias towards certain keywords. No restrictions or guidelines were present during this
phase; the categorisation was made individually.

LITERATURE STUDY

We conducted a literature study on research done within the
area of pervasive computing in the kitchen. The main objective with the study was for us to become familiar with the
research done so far, the methods utilised to carry out this
research and to get inspiration and design ideas.

Categorise groupings was done after the categorisation of
keywords had been completed. The task of categorise groupings was also done using affinity diagramming. It was up
to each group member to group keywords into groupings.
Members had to group all keywords declared during the keywords categorisation and come up with a title for each of
the groupings they made. Again, groupings were not posted
to the Wiki before each member had made the groupings,
to avoid bias towards certain groupings. No restrictions or
guidelines were given; members had complete liberty in deciding what should constitute a grouping.

Process

The process of creating the literature study consisted of six
steps:
1.
2.
3.
4.
5.
6.

Design a search protocol.
Search for literature.
Screen and examine literature.
Categorise keywords.
Categorise groupings.
Create the literature table.

Finally, the literature table seen in table 2 was created using
these groupings. In conjunction between both members, it
was decided which of the groupings had enough context to
be used in the table. New groupings or alternations of existing groupings were made, to make the rest of the keywords
fit into the table. Figure 1 gives an indication of the process
of creating the literature table.

The search protocol used for the study reflects the point of
being able to determine the research already done within the
field. A minimum of inclusion and exclusion criteria was
specified to capture all relevant research. The protocol had
three criteria:
• Publications had to be concerned with the kitchen.
• Publications had to implement information technology in
the kitchen.
• Publications should have been published between 2003
and 2010, including 2003.
Searching for literature was done using ACM Digital Library
and SpringerLink. Google Scholar was used to do follow-up
research as to whether or not further publications had been
published by the original authors or if newer research on the
topic existed.

Figure 1. Keywords are seen on the white paper slips and the Post-IT
indicates which grouping it is.

Screening and examining the literature was done following
these three steps:

Robustness

• The title and abstract of publications were read.
• If publications were found to have relevance to the field
of study, these were acquired, studied and evaluated systematically according to relevance.
• Resumes of publications were made.

As affinity diagramming was used to create the literature
table, the robustness of the keywords and groupings constituting the literature table are of importance. To calculate the robustness, an ’Any-two agreement’ algorithm was
utilised [12]. Table 1 shows the robustness of the keywords
for a selected number of publications. As can be seen in
the table, robustness of keywords varied from 11% to 71%.
There could be several reasons for this variation:

We found 36 publications. After the screening process this
number was reduced to a total of 16 publications with enough
relevance to be included in the literature study. The decision
of whether or not the publications had enough relevance was
based on a number of requirements each publication had to
uphold. These requirements were agreed on by both group
members before the screening process was commenced and
included the following:

• No guidelines were given to the process of categorising
keywords
• The free terms allowed members to use multiple keywords
to cover certain aspects, that might as well could have
been covered by one keyword.
• Difference in perception of the publications and what was
needed to cover cover it could differ between group members. One group member might only use a few keywords,
while another use several keywords to cover it.

• Implementation of information technology in the kitchen.
• Evaluation of the implementation.
To be able to determine the focus areas of these publications,
it was decided to make a literature table using affinity diagramming. First keywords were categorised for each of the
resumes for the 16 publications. For each resume both members had to categorise the keywords they found necessary to
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1

1/9 = 11%

In total

95

172

64

In average

6

11

4

Members had in average four keywords in common for each
publication. This indicated, that even though no guideline or
protocol was stated for categorisation of keywords, coherence in what members found necessary to cover the publications were present.

[10], [19]

[8], [14], [10], [3],
[19], [2], [15]

[7]

[3]

[16], [20], [4], [3],
[11]

[20], [11]

Under

After

Before

Under

After

[10], [3],
[19]

User

Interaction

Visual
aid

The keywords and groupings were used to create the literature table shown in table 2. The backbone of the literature table was the 11 groupings identified by both group members.
In conjunction between group members, these 11 groupings
were reduced and used to create the overall column headers
in the literature table. The remaining keywords, not included
in the 11 common groupings, were then re-distributed between these new headers wherever fit. New headers were
also made from the remaining keywords giving a total of
six headers in the table. For the y-axis the keywords ’User’
and ’System’ was used. These were chosen as most of the
publications were easy to divide into whether they required
interaction from the user (system-centric) or provided help
to the user without the need of interaction (user-centric). To
be able to determine at what point in the cooking process the
system was concerned with, ’User’ and ’System’ were further split into ’Before’, ’During’ and ’After’.

[10], [3], [19]

Results

Before

User
ence

experi-

Education

The average coherence for each publication was 34,75% with
the highest being 71% and the lowest being 11%. The variation could perhaps have been reduced by taking some of the
previously mentioned bullets into cosideration. The same
process and algorithm was used to calculate the robustness
of the groupings. In total, 42 groups were identified, 20 by
one member and 22 by the other member. Of these 42 groupings 11 where deemed to be identical, giving a robustness of
26,2%.

[10], [3]

Kitchen environment

Table 1. Table showing the number of keywords identified by the two
members of the group for each publication, common keywords and the
robustness calculation of these.

[10], [3], [19]

Support

34,75%

Looking at the literature table in table 2 allows for some general results to be deduced. The following two list outlines the
observation made from the literature table:

[1], [17]

6

[6], [11]

4

[20], [11]

5/8 = 63%

6

[1], [20], [17], [6],
[11]

5

[20], [17],
[11]

7

[1], [17]

6

[16], [4]

3/22 = 14%

5

[6], [3], [11]

3

[6], [3]

17

[16], [20], [4], [3],
[11]

8

[3]

5/7 = 71%

4

[1], [17], [6]

5

[16], [20], [6], [4],
[11]

6

[16], [20],
[3], [11]

6

System

3/10 = 30%

3

[7]

2/8 = 25%

3

[17], [3]

2

9

[8], [21], [2], [15]

6

4

[8], [14], [3], [19]

4

2

[3]

1

[8], , [19], [2]

Member1 Member2 Common % of identical
keykeywords
words

[8], [21],
[10], [3],
[19], [2],
[15]

ID

Table 2. The literature table showing the areas each publication covers.

Areas focused:
• Systems that focus on visual aid; this goes for systemcentric as well as user-centric systems.
• Interaction systems, that focuses on helping the user during the cooking process; this goes for system-centric as
well as user-centric systems.
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• Systems designed to improve the users experience of being in the kitchen. Main focus has been on system-centric
systems.
• Educating people on how their meal should be cooked.
Main focus has been on system-centric systems.
• User-centric systems supporting the user during cooking.

tions wherever possible. This would provide consistent data
that would be easy to analyse. Open-ended questions would
only be used to follow-up a closed-ended question to gain
some additional information. To be able to get a broad representation of the target group of students, it was decided
to distribute the questionnaire electronically to three study
programs; Computer Science, Humanistic Informatics and
Architecture & Design at Aalborg University. Unfortunately
the questionnaire was only distributed to mailing list at Computer Science and the intranet at Humanistic Informatics and
Architecture & Design which, as can be seen in the table 3,
led to respondents being predominantly males from Computer Science.

Areas lacking focus:
• User-centric systems that focuses on providing a better
user experience.
• Educational systems. The only focus put on this subject
so far has been on system-centric systems that educate the
user while cooking.

Results

Apart from these points, the general observation is that the
main focus has been given to systems that helps the user
during the cooking process. I.e. not much attention has been
given to systems which help the user before or after cooking. This becomes apparent for user-centric systems, only
two publications have been found covering systems that help
the user beforehand and only one publication covering post
cooking aid has been found. For system-centric systems the
trend is the same, however not as significant.

We received 96 respondses to our questionnaire, of these 96,
18 answered some of the question but never completed it
and 10 never got past the introduction page to answer any
question. In total 68 completed the questionnaire. Table 3
shows the general information about the participants of the
questionnaire.
Respondents

Male

All

57 (84%)

68 (100%)

Age (avg.)

QUESTIONNAIRE

The goal of the questionnaire was to be able to gain an understanding of how students use their kitchen and which habits
are predominant. We used a self-administered questionnaire,
sent to three different study programs, to acquirre this data.

25

23

24

Single

3 (4%)

32 (47%)

35 (51%)

In a relationship

8 (12%)

25 (37%)

33 (49%)

Computer Science

2 (3%)

54 (79%)

56 (82%)

Hum. Inf.

6 (9%)

1 (1%)

7 (10%)

A&D

3 (4%)

2 (2%)

5 (7%)

Process

Table 3. General information.

The questionnaire itself was made using a tool called Survey Xact [18], a web-based tool for creating and analysing
questionnaires. The overall structure of the questionnaire is
listed below:
•
•
•
•
•
•

Female
11 (16%)

Table 4 presents the physical surroundings of participants
kitchens. The size of student’s kitchens, gives us an idea of
the possibility to design a new system to be placed in the
kitchen. Free wall space idicates if projection can be used in
these new systems.

General information.
Physical surroundings.
Cooking.
Healthy food.
Cooking aid.
Workshop.

Participants started with an introduction, explaining how to
interact with the questionnaire, what could be expected and
the purpose of the questionnaire. General information about
the participant where then acquired. The first block, physical surroundings was designed to gather information about
the physical design of the student’s kitchens, such as kitchen
size, number of hot plates etc. The cooking section of the
questionnaire investigated the frequency with which the participant cooked breakfast, lunch and dinner and obstacles
for not doing so. The participant was then asked question
pertaining to healthy food. This included, amongst others,
questions about how often they cooked healthy food, what
they thought healthy food was etc. Finally, participants were
asked what cooking aid they currently used in their kitchen
and how they were finding inspiration for meals.

0 - 5m2

6 - 10 m2

More than 10 m2

Kitchen size

35 (52%)

26 (38%)

7 (10%)

0 - 1m2

1 - 3 m2

3 m2 or more

Wall space

34 (50%)

21 (31%)

13 (19%)

Table 4. Physical surroundings - kitchen space.

Table 5 shows the cooking habits of participants and diagram 2 shows the main obstacles participants identified for
not cooking at home. As can be seen, the majority of participants (86%) answered that they ’often’ or ’almost always’
cooked at home. Ideally, we would like to see the vast majority of students almost always eat home cooked food, if the
alternative is either unhealthy fast food or expensive restaurant visits. Only 25 (37%) participants answered ’almost always’. However, this number could potentially be misleading, as participants could have others to cook for them and
then still be eating home cooked food even though they answered ’often’, ’occasionally’ or ’never’. We did a cross reference check on the 33 participants who personally cooked
food ’often’. Of these, 16 had other people cook for them

In order to avoid biased, poorly written and disambiguated
questions, it was decided to formulate closed-ended ques4

’often’ or ’almost always’ which, based on the previous results and our assumption, indicates that 41 (60%) of the participants generally ’almost always’ eat home cooked food.
This is also consistent with the results for breakfast and dinner with 41(60%) and 45(65%) respectively.
Never

Occasionally

Often

Almost always

How often do you
personally cook or
prepare food from
home?

1 (2%)

9 (13%)

33 (49%)

25 (37%)

How often do
others cook or
prepare your food
from home?

19 (28%)

25 (37%)

16 (24%)

8 (12%)

How
often
is
your
breakfast
home-cooked?

13 (19%)

8 (12%)

6 (9%)

41 (60%)

How
often
is
your
lunch
home-cooked?

10 (15%)

22 (32%)

15 (22%)

21 (31%)

How
often
is
your
dinner
home-cooked?

1 (2%)

6 (9%)

16 (24%)

45 (66%)

18 participants answered this open-ended question and several other reasons for not cooking at home were identified by
these replies. Among others:
• Limitations on physical surroundings such as too few hot
plates, lack of an oven or bad kitchen design.
• Cooking for oneself is boring and uninteresting, especially
with regards to cooking more elaborate or complicated
dishes.
• The thought of the menial task associated with cooking
and eating, such as doing the dishes and cleaning afterwards.
• Lack of motivation after a long day.
As we were identifying cooking habits, we also wanted to
know how much focus students had on eating healthy in
terms of cooking healthy food, what they thought constituted
healthy food, why they ate healthy food and if they would
like to eat more healthy food. Table 6 shows the frequency
of cooking healthy food between the 68 participants.

Table 5. Overview of cooking frequencies.

To what extent do
you cook healthy
food currently?

As expected, due to the target group being students, lunch
is the meal most participants do not prepare or cook themselves.

Never

Occasionally

Often

Almost always

5 (7%)

25 (37%)

30 (44%)

8 (12%)

Table 6. Frequency of healthy cooking currently.

From a public health perspective, the majority of food cooked
should be healthy, but as our questionnaire shows, 30 (44%)
of the participants answered that they never or only occasionally cooked healthy food. This leaves room for improvements and possibility for systems to promote students to
cook more healthy food. In fact, 41 (60%) answered that
they would like to cook more healthy food. These 41 participants were asked to state the reasons for wanting to cook
more healthy food from a multiple choice list and if the list
did not contain their reason, an open-ended question was
presented for them to explicitly state the reason.

As mentioned, participants were also asked to rate several
possible obstacles for not cooking at home. Each obstacle
was rated as to how big a problem they felt it posed for not
cooking at home. We had listed eight obstacles; diagram 2
shows the two major obstacles for not cooking at home and
the most negligible obstacle.

Eating healthy makes me feel better

29 (74%))

To avoid illness

23 (59%)

I just like to know that I’m eating healthy

19 (49%)

I would like to lose weight

16 (41%)

Table 7. Motivation behind eating healthy.

Table 7 shows the main motivations for eating healthy. In addition to these reasons, some of the participants stated other
reasons such as:

Figure 2. Diagram of selected cooking obstacles.

• Increase physical well-being and get more energy.
• Organic or healthy food tastes better.
• Concerns for the environment.

As can be seen in the diagram, it is clear that difficulty is
considered a minor obstacle when it comes to cooking. In
stark contrast, only 7 (10%) answered that they had no problems finding time to cook, while 36 (53%) said that it was
a minor problem and 25 (37%) rated it as a major problem.
Participants were able to explain their answer in a following open-ended question. Some of the participants explained
that even though they had the time for cooking, it was not always the way they wanted to spend their time.

Finally, the questionnaire was used to gather information
about the current cooking aid utilised in the kitchen and from
where they were getting their inspiration for cooking. Table
8 shows the main sources for inspiration, along with statistics as to where students acquire help when needed. The
Internet was the main source of inspiration when it comes to
students.
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Never

Occasionally

Often

Almost always

Inspiration
from
the
internet

5 (7%)

26 (38%)

21 (31%))

16 (24%)

Inspiration
from cookbooks

10 (15%)

29 (43%)

27 (40%)

2 (3%)

Inspiration
from
friends
and family

7 (10%)

33 (49%)

27 (40%)

1 (2%)

Inspiration
from TV-shows

49 (72%)

12 (18%)

6 (9%)

1 (2%)

Inspiration
from restaurant
visits

49 (72%)

18 (27%)

1 (2%)

0 (0%)

Help with problems from the
internet

7 (10%)

17 (25%)

24 (35%)

20 (29%)

Help with problems from cookbooks

16 (24%)

27 (40%)

20 (29%)

5 (7%)

Help
with
problems from
friends
or
family

7 (10%)

20 (29%)

32 (47%)

9 (13%)

•
•
•
•
•
•

Welcome and brief presentation.
Exercise 1 - Brainstorming.
Short presentation of the research in the field.
Exercise 2 - Mature ideas.
Present ideas.
Exercise 3 - Conceptualise ideas.

During the initial welcome and brief presentation we explained to the participants who we were, what we were studying and what the purpose of the workshop was. We then continued to explain the agenda for the workshop and in greater
detail explained the purpose of the first exercise.
During exercise 1, groups were advised to start discussing
problems or reasons they had experienced personally for not
cooking at home and then brainstorm ideas to overcome these.
At the end of the first exercise, we introduced participants to
a summary of the data collected from the questionnaire. This
was done to inspire groups. They decided for themselves if
they wanted to use this data or not.
Before exercise 2 was started, we made a short presentation
of the research within the field of pervasive computing in the
kitchen. For this presentation, the literature table in table 2
was used. We presented the main areas of research along
with the major trends identified during the literature study.
At the end of the presentation handouts were given to the
groups. These handouts described some of the actual systems developed for the kitchen. Both the presentation and
the handouts were meant as inspiration for the groups.

Table 8. Overview of sources of inspiration and help.

What is more surprising is that almost nobody found inspiration from the television. We found this a bit odd since
television is flooded by cooking shows, commercials about
food etc.
In terms of cooking aid, we asked participants to specify
which electronically devices, if any, they currently were using while cooking. Laptops(20) and smartphones(9) were
the most used electronically devices in the kitchen.

Exercise 2 of the workshop was structured to first let the
groups use the information from the presentation and handouts, to see if any new ideas would be generated and secondly for the groups to start maturing their ideas. Groups
were asked to select between 1-3 ideas and start maturing
these. Maturing meaning that the groups should start thinking of how their ideas worked, how the ideas should be incorporated into the kitchen and possibly what the interface
of their idea should look like. Finally, groups were asked
to prepare a quick presentation of their ideas for the other
groups. We advised that paper prototypes of their ideas would
be great help to visualising their idea.

DESIGN WORKSHOP

The motivation for making a workshop was that we wanted
a group of students to discuss ideas that would make them
want to use their kitchen more. Data from the preliminary
studies was used during this workshop to inform and inspire
participants. The purpose of the workshop was to get some
tangible ideas from students, as to how pervasive computing
can be used to motivate students to cook.

Before the presentation, we asked the groups to present the
idea they found the most promising. After the presentation
the other groups were allowed to comment and question the
idea to help the group further improve their idea. Exercise 3
was used for the groups to conceptualise their idea. Groups
were asked to write down their idea on a piece of paper
specifically made for this purpose. This paper would allow
us to analyse and evaluate the ideas afterwards.

Participants

For the workshop we invited a total of nine students, six
male students and three female students. Seven of these, six
male and one female, studied at Computer Science at Aalborg University, while the remaining two females invited,
studied at Architecture & Design at Aalborg University. The
age of the participants varied from 24 to 29 with an average
of 25. Eight of the nine participants had also responded to
the questionnaire. Participants were split into three groups,
one consisting of all male students, one consisting of two
male and a female student and one consisting of two female
and a male student. This was done to observe if ideas would
differ between groups with predominantly males in contrast
to groups with female participants.

Results

During the workshop the three groups identified numerous
reasons for not cooking at home, some of these are listed
below:
• Physical surroundings e.g. lack of table space, lack of hot
plates.
• Lack of time, e.g. lack of time to do the cooking, plan the
meal, shop for groceries.
• The need for shopping.

Process

The workshop was split into three exercises with deviating
activities in between. The following shows the structure of
the workshop along with a short description of each exercise:
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• Expiration date on groceries, e.g. the need to use certain
groceries before they expire.
• Lack of healthy food.
• Boring to cook alone
• Lack of inspiration.
In total, 12 reasons for not cooking at home were identified. Of these 12 reasons, four were identified by multiple
groups, namely the need to do grocery shopping, lack of inspiration, lack of time and boring to cook alone. A total of
eight ideas for improving the likelihood of students cooking
at home were identified during the workshop. The following
list briefly describes some of the ideas:
• Device to measure bacteria in food or nutrition in food.
• Device to prevent water boiling over or burnt food.
• Device that helps taste food. This device is configurable in
several ways, if the user likes salty food the device could
be configured to test if enough salt has been added to the
dish.
• Freezer connected to an oven. Via a mobile telephone it
should be possible to inform the freezer that a food item
should be transferred to the oven. A mechanism will then
bring that food item from the freezer into the oven.
• System to recommend recipes and guide the user through
the chosen recipe.

Figure 3. Sketch of the interface of the system.

the user could either chose to create a new league and invite
people to participate in a league, get an overview of leagues
currently attended, get recipe suggestions or get recipe suggestion based on what is currently in the refrigerator.

Following is a description of the main idea each group presented.
Group 1
The first group focused on the problem of people finding it
too hard and time consuming to cook and the problem of using all groceries in the refrigerator. They came up with an
idea to a new type of meal planning system. The system consisted of a touchscreen with four sliders, allowing the user to
choose how many days a plan should span, how much time
each recipe must take to prepare, the difficulty of the recipe
and the healthiness of the recipe. A ’Random’-button allowing the user to generate a completely random meal plan.
An ’Empty the refrigerator’-button allowing the user to generate a meal plan, that makes sure to use all the groceries
found in the refrigerator. If recipe suggestions were not
satisfying, it was possible to mark one and generate a new
recipe. Again, the slider-properties were used for generating
the new recipe. This meant, that the user could keep generating new recipe suggestions until a satisfactory meal plan
was generated. Furthermore, the system was able to send the
meal plan to a mobile phone and generate a shopping list for
the meal plan. A sketch of how they imagined their system
would look like can be seen in figure 3.

Figure 4. Sketch of the physical shape of the system.

Along with these options, the user also had a calendar available. This calendar was used to see when the user was invited to participate in a dinner with others from leagues, the
user is attending. The calendar was also used by the user
to set up dinners. When a dinner was setup, points were
in play. Participants of the dinner were deducted a certain
amount of points for participating. Participants could then
acquire points by bringing ingredients needed for the meal.
At the end of the dinner, participants were asked to rate the
host’s meal. Points given were based on their perception of
the meal, taste, presentation etc. Figure 4 shows how the
group imagined their system.

Group 2
The second group focused on the problem that people find
it boring to cook only for themselves. They came up with
an idea to create a point system. A system which motivate
people to dine together by introducing points. People invite each other to dinner and the host then receives points
from the guests based on the quality of the food. Leagues
are used to keep track of points and who the best cook and
host is. The system consisted of a portable screen where

Group 3
The third and final group focused on the issue of groceries
not being used before the expiration date and the fact that
it can be difficult to motivate oneself to cook a meal every
day. They came up with an idea they named ’FrigdeFriends’.
They wanted to make a system that connected people’s re7

frigerators in a network. Then a screen was used to interact
with the system. Much of the inspiration for ’FrigdeFriends’
was taken from its namesake brother ’Facebook’ [9]. In addition to creating a network of refrigerators, the system was
able to manage groceries in the refrigerator. Using this information the system was then able to suggest recipes based
on these groceries or suggest friends that had some groceries
that could be used to cook a meal together. In their presentation they called these kind of suggestions ’dinner-dates’.
Like ’Facebook’, people were able to add other people in
the system as friends. The system could also show information of what was in the refrigerator, nutrition and health
information concerning recipes and groceries, act as a shopping list and even generate meal plans. Figure 5 shows how
the group imagined their system.

Even though the problem of lacking time was not given that
much attention during the workshop, participants still identified the problem. Group 1 incorporated a way of telling the
system whether the recipes suggested for a meal plan could
take half an hour, an hour, two hours etc. The system would
then only consider recipes with preparation time less than
the specified.
Grocery management

During the questionnaire, 41 of the 68 participants identified
the problem of using groceries before the expiration date as
an issue for not cooking at home. No differentiation was
found between singles and participants in a relationship
The same issue was identified during the workshop. Two of
the three groups came up with systems that would be able
to help the user use the groceries in the refrigerator. Group
1 made a meal planning system, where the user was able to
inform the system of what groceries were in the refrigerator and the system could then generate recipe suggestions
based on this information. The system also had an ’Empty
the refrigerator’ button that would generate recipe suggestion to empty the refrigerator. Group 3 made a system that
allowed people to connect their refrigerators. Based on the
information given by the users of what was in their refrigerators, the system could then come up with ideas that use
these groceries. This could help the user in two ways. First,
the system can compare groceries available in other refrigerators and come up with meal suggestions according to this
information. Secondly, the system can inform users of what
groceries they need in addition to the ones available, in order
to cook a certain meal. Both of these suggestions helps the
user use the groceries in the refrigerator and avoid throwing
away groceries.
Inspiration

47 out of the 68 participating in the questionnaire answered,
that finding inspiration for cooking was difficult. Of these
47, 23 were single and 24 were in a relationship, indicating that whether or not a person is in a relationship does not
affect inspiration for meals. Of these 47, inspiration was primarily found using the Internet, cookbooks or from friends
and family.

Figure 5. Sketch of the menu system.

FINDINGS

On basis of our studies, we have identified five major points
of interest for designing the next kitchen system to motivate
students to cook more:

During the workshop two of the three groups incorporated
some ways of inspiring the user to cook into their system.
Group 1 made a meal planning system that inspired people by suggesting recipes for a user-specific number of days.
People were then able to alter these suggestions until satisfactory suggestions had been found. Group 3 made a system that was able to inspire the user in two ways; either by
suggesting random recipes when the user needed inspiration
or by informing the user when a friend had groceries in the
refrigerator that combined with the user’s groceries could
make up a meal. This would both inspire the user and promote sociability.

• Lack of time - systems that allows the student to be able
to control the time it takes to cook.
• Grocery management - systems that makes the user aware
of when groceries are expiring.
• Inspiration - systems that can provide inspiration to the
user.
• Healthiness - systems that promotes healthy food.
• Sociability - systems that makes the cooking process more
sociable.
Lack of time

The main issue related to students not cooking at home, identified by the questionnaire, was lack of time. 61 of the 68
participants identified lack of time as a minor or major (36
and 25) problem. This was the highest number identified for
all eight reasons asked as reason for not cooking. No differentiation was found between singles and participants in a
relationship.

By doing this study we have been able to identify two different ways of inspiring students to cook. First, the ’simple’
way by providing the student with the opportunity of having
recipes suggested based on either complete randomness or
by user adjustable settings, and the second being the more
social approach, where students inspire each other.
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Most of these systems indirectly saves the user time, but this
has not been a main focus of any of the systems we identified. Our findings suggest that the amount of time the student
has to spend in the kitchen can make or break whether or not
the student decides to cook at home.

Healthiness

The questionnaire gave a clear indication of people’s awareness of healthy food. Of the 68 participants only 5 answered
that they never bought healthy food. 27 answered they occasionally bought healthy food and 28 answered they often
did, while the last 8 said they always bought healthy food. In
the same manner only 5 answered they never cooked healthy
food, while 25 said they did occasionally and 30 did often.
The last 8 answered they almost always cooked healthy food.
This showed a trend in people being aware of healthy food
and cooking healthy food.

Both during the questionnaire and the workshop, the problem of groceries expiring before being used, was identified
as a reason for students not to cook at home, research so far
seems to overlook this problem. We were not able to find
a single publication dealing with the problem of groceries
expiring. The reason for this could be that young people
are deficient in managing groceries compared to the general
public but that would have to be examined further.

During the workshop two of the three groups made clear
that their systems should be able to suggest healthy recipes.
Group 1 made a meal planning system where the user using a slider could determine how healthy recipe suggestions
should be, rating from 1 - not healthy to 5 - very healthy.
Group 3 made a system that should be able to suggest healthy
recipes.

Participants in the questionnaire and workshop seemed to
have focused on the need for inspiration, while the research
so far does not seem to be as focused on inspiration. As can
be seen in the literature table in table 2, inspiration has not
been identified as a main research area. When analysing the
publications used for this study, three of 16 publications directs attention to the need of inspiring users. However, one
of these publications does actually resemble Group 1’s idea.
This publication looks at a meal planning system that is able
to generate recipe suggestions for a user specific amount of
days, based on several user adjustable settings. The remaining two publications focused on users inspiring each other.
The first one did this by making a system that was able to
record the cooking process of the user. The user was then
able to share this experience with other users of the system
and inspire them to cook the same dish. The other system
used video conferencing to make user inspire each other to
cook.

Sociability

The questionnaire presented questions as to why people did
not cook at home. Eight reasons for this was given to the
participants, however they also had the possibility to specify
reasons other than the eight presented to them. Even though,
lack of time and lack of inspirations were the main reasons
for not cooking, people also identified the fact that they did
not want to cook only for themselves. It seems as people do
not want to go through all the trouble of preparing the meal
and do the dishes afterwards, if it is only for themselves.
Furthermore, people in the questionnaire said that they often found themselves cooking ’everyday’ meals and seldom
cooked advanced recipes when alone.

The literature study did not identify many publications dealing with healthy food, only two of the 16 publications dealt
with the matter of cooking healthy. The one being a system that allowed the user to keep track of the nutritions in
the meal being cooked and the other being a meal planning
system, that allowed for the user to specify if recipes suggestions should be healthy.

The workshop made it apparent that people wanted systems
that made the whole process of creating and eating meals
more sociable. Group 2 came up with a system where people were motivated to cook for each other by using a point
system. The host of the meal was given points by the attending people in terms of the meal and how the day went.
Group 3 made a system that allowed refrigerators to communicate. People were able to become friends with other people using the system and their refrigerators were then able
to communicate and suggest recipes based on what people
had available in their refrigerator. These two systems were
aimed at making cooking more sociable and avoid people
skipping the home cooked meal because they find it boring
to cook for themselves.

No publications were found dealing with the problem of having to cook for oneself. Most of the publications deals with
helping a person through the cooking process, but none of
these focuses on the fact that people might find it boring to
have to go through the entire meal preparation alone and do
the dishes afterwards when dining alone.
In general, the reasons for the great deviation in focus between the literature study and the questionnaire/workshop
could be due to the fact, that the research acquired for the literature study is general in the terms of target group. This is
general research done in an effort to create new systems that
can be integrated into kitchens in any families, whereas we
have looked at a very specific and limited target group. None
of the main areas identified during the literature study were
identified during the questionnaire or workshop. It does not
seem as the students wants their kitchen appliances augmented with technology, visual interfaces covered all over
their kitchen; instead they seem to be more inclined to either just get through the process of cooking as fast as possible, getting ideas for more healthy food or be able to make
the cooking process more sociable. Furthermore, most of

DISCUSSION

In our literature study we found prior research done within
the field of pervasive computing in the kitchen. In this section, we compare these to our findings, along with some follow up discussion of certain aspects of the different studies.
As far as can be concluded from the literature study, lots of
research done so far within the field of pervasive computing
in the kitchen, has been on systems helping the user with a
specific task or problem during the cooking process.
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the research done so far, seems to focus on helping one person with a single task or overcoming a single problem while
cooking. None of the systems are aimed at e.g. helping people have fun, being creative or being sociable.
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CONCLUSION

Pervasive computing is becoming increasingly widespread,
new merchandise is being fitted with information technology, allowing it to provide valuable information to the end
user. This paper has presented results from a 3-way study
consisting of a literature study, a questionnaire and a workshop studying the research done so far within the field of pervasive computing in the kitchen, students kitchen and eating
habits and solutions to overcome obstacles for not cooking
at home. The results shows that to accommodate the desires
of students, focus has to be changed.
Currently, focus seems to be on integrating systems into the
kitchen that allows the user to seamlessly interact with them,
provide visual aid while cooking and enhance the user’s experience of being in the kitchen. At the same time, more
and more appliances in the kitchen are being integrated with
technology to provide some sort of information to the user in
an attempt to ease the users workload in the kitchen. However, our study has revealed that a completely different approach might be needed to accommodate the needs of students.
During our study we identified five main areas that should be
addressed if systems were to motivate students to cook more
at home. None of these were identified in previous research
as the main focus, which shows that there are areas still to
be researched when it comes to pervasive computing in the
kitchen. The main differences between the research done so
far and the areas we found, seems to be that research up until
now has focused primarily on technically aspects, failing to
identify a target group and identifying problems that target
group wants to overcome. In our study we have focused on
a very limited and specific target group, but however also
been able to reveal that making a system to motivate students to cook more at home should take into consideration
that it should either make the cooking process more sociable,
help the user managing groceries, time optimisation, cook
healthy or provide inspiration.
The aim of this study is to provide an insight into the research done so far, provide a mean of inspiration in terms of
ideas to new systems aimed at the kitchen and specific systems aimed at students. Some limitations should be considered when using findings from this study. The questionnaire
was distributed to three departments, but only to mailing list
at Computer Science. This meant that participants were primarily male and students from this department. During the
literature study strict search criteria was used, which may
have limited the number of publications found. Future work
should strive at examining systems that incorporate some of
the main areas identified in this study, to see if they do motivate students to cook more at home.
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showed that 20% of the patients were undernourished at admission, resulting in increased length of admission, more
prescriptions and an increased likelihood of infections [14].
Another study [23] showed that about 75% of the patients
undernourished at admission would continue to lose further
weight. A study carried out in Denmark in 2004 [26] showed
that about 40% of the admitted patients where nutritionally
at risk. Of these 40%, 11% had a Body Mass Index(BMI)
below 18.5 indicating underweight and 16.7% had a BMI
between 18.5 and 20.5. In addition to this, the study showed
that only in 7.6% of these patients records, information about
the patient being in nutritional risk were stated. Of these,
only 14.2% contained a nutrition plan of which only 55.2%
included a plan for monitoring the patient. Other studies [7]
have shown the same lack pertaining to nutritional monitoring.
The consequences pertaining to malnutrition of patients is
complications in treatment, infections, prolonged stay, morbidity and mortality [30]. The differences between well nourished and undernourished patients were studied in [7]. They
found, that in average, undernourished patients stayed hospitalised six days longer than well nourished patients and
19.4% compared to 10.1% experienced complications or infections during their treatment. Mortality was also significantly higher for undernoursihed(12.4%) compared to well
nourished patients(4.7%).
Author Keywords
In addition to having an impact on the patient, the treatEmpirical study, Pervasive computing, Patient, Relative, Food
ment of undernourished patients also influence the health
intake, Socialisation, Loneliness
sector in terms of expenses. In [7] they identified that an
undernourished patient represented a mean daily expense of
US$ 228.00/patient compared to the US$ 138.00/patient in
ACM Classification Keywords
H.5.2 Information Interfaces and Presentation: Miscellaneous— the well nourished - representing a difference of 60.5% in
expenses. In [14] they identified the annual expenses on
Optional sub-category
disease-related malnutrition to be in the excess of £7 billion
in the UK.
General Terms
The prevalence of malnutrition between patients differ due
See list of the limited ACM 16 terms in the instructions, see
to several reasons, such as whether or not the patient is dihttp://www.sheridanprinting.com/sigchi/generalterms.htm.
agnosed with cancer, is older than 60, has experienced any
complications, such as infections, during the treatment of
INTRODUCTION
their illness, and the length of their stay [6].
It is well know that being hospitalised can have severe conSeveral tools and techniques are available to help patients
sequences, not only for the patients but also for the health
experiencing undernourishment, like oral nutritional supplesector. Studies like [14, 23, 26, 30] show that the most
ments, enteral tube feeding and parenteral nutrition [30].
common consequences of being hospitalised is undernourHowever, studies like [7] have shown that they are only used
ishment. A study carried out at four hospitals in England,
in a very limited extend. A study from four hospitals in England [14] showed that only 4.9% of malnourished patients
recieved enteral nutrution, 3.3% recieved oral supplementation and non were prescribed parenteral nutrition.
Permission to make digital or hard copies of all or part of this work for
Other studies like [24, 33] have shown, that if the patient is
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
able to move or get moved, being placed in a social environbear this notice and the full citation on the first page. To copy otherwise, or
ment enhance the nutritional intake by the patient, indicatrepublish, to post on servers or to redistribute to lists, requires prior specific
ing that being social active can mitigate undernourishment.
permission and/or a fee.
Studies like [4, 8, 27] have actually shown, that there is a
ABSTRACT

Undernourishment among patients in hospitals have proven
to be a problem; recovery takes longer, cost more and the patient risk feeling isolated due to detachment from relatives.
This paper documents an empirical study on the use of pervasive computing in a hospital, in an effort to study if pervasive computing can be used to enhance social connectedness
between patients and relatives and increase food intake by
patients. This has been done using existing video sharing
applications, which enabled patients to see and speak with
relatives when eating supper. Patients who participated in
this study have been isolated, due to the course of their treatment, due to cultural differences or simply by being hospitalised for a long duration of time. Five patients participated
in this study at different periods, depending on their treatments status. Participation among patients varied from five
days to 2 weeks. The effect, both in terms of feeling more
social connected and eating better, have been documented
using qualitative research and grounded theory. Findings
from this study shows that using the system made participants feel more social connected, less alone and more positive. This study indicates that the system do encourage patients to eat more. All patients, even those prohibited from
eating by treatment or medication, felt motivated to try and
eat.
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connection between dining with people known to one and
the amount of food consumed. According to these studies,
people eat more when they eat with persons they know, than
they would if they were to eat alone or eat with strangers.
This paper present results from an empirical study of the potential for pervasive computing to motivate patients in a hospital to eat more.
The following section presents work that relates to this study.
Next, the empirical method behind the study is described
along with the system that is utilised, the procedure of the
study, participants, data collection and data analysis. Next,
the results from the study is presented and finally the results
are compared to the work that related to this study, discussed
and a conclusion is presented.

and subjects using video-mediated conversations. The study
showed that mediating conversations with technology had no
significant effect on the number of turns taken in a conversation, the average length of these turns or the distribution
of turns. However, differences where found, the amount of
time spent with simultaneous speech where higher in percentage in same room conversations than in video-mediated
conversations. Participants identified the reason for this as
same room conversations being more interactive than videomediated conversations. Some participants even reported
’feeling distanced’ by using video technology to carry out
conversations. Finally, participants were more inclined to
explicit state that they were done talking in video-mediated
conversations, not using physical cues, as seen in the same
room conversations, to switch between who would speak. In
general Sellen concluded that while video-mediated conversations bear all of the symptoms of depersonalisation, psychological distance and formality, participants still found access to visual information to be both important and beneficial
in conversational interaction.

RELATED WORK

In this section previous work that relates to this study is presented. Focus will be IT-based socialising and the social
functions of the meal, since these constitute the two main
areas of concern in this paper.

The social functions of the meal

IT-based socialising

Information technology can be used for a wide array of things,
in this section we are interested in seeing how information
technology is being used by people to gain a feeling of being socially presence with relatives. Studies like [22, 32] on
family communication have shown, that the use of emails
has become ubiquitous and is used as a form of communication interchangeably with phone calls. In addition to this, instant messaging (IM) has also been widely adopted in certain
populations such as teens [16]. In a recent study [1] scientist
looked at these types of interaction, along with others, such
as ’SMS messages’, ’Internet voice’ and ’webcam communication’, in order to try and determine which types of interaction provided the most realistic feeling of being socially
present with relatives. This study showed that being able
to communicate with relatives over ’webcam and voice with
text to support’ provided the most realistic feeling of being
together with the person they were talking to. Other forms of
interaction rated high was ’webcam and voice’, ’phone call’
and ’Internet voice only’. In the other end of the scale, interaction forms such as voice mail, SMS messaging and email
were voted the least likely to give participants a feeling of
being socially present with the other person.
According to [17] as of June 30, 2010 there were 1.966.514.816
people with access to the Internet. With this enormous amount
of people connected to the Internet, research has been carried
out in an effort to study the effect the Internet has on communication and sociability [19, 25]. The research supporting
the Internet as a mean for communication and socialisation
say, that the Internet lowers the communication barriers in
space and time, thereby increases the efficiency and speed of
transactions, thus saving time for other activities including
face-to-face interactions [5]. It offers opportunities to maintain geographically diverse networks [15]. This suggest that
the social relationships of Internet users may become richer
in the sense of having larger networks than those of the general population [15]. On the other hand, research is pointing
in the direction that online relationships are less substantial
and less sustaining [20]. Virtual ties are weaker and superficial and easily broken [21]. According to [25] the time
a person spends online is primarily an asocial activity, that
rather than complement the persons time to be able to do
face-to-face interactions, deprives the person of exactly that.
Researches have also studied the effects or difference of mediating conversations with technology. Abigail J. Sellen [28]
carried our an experiment, in which he investigated differences in conversations between subjects in the same room
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In addition to looking at how IT communication is used by
people to gain a feeling of social presence, we are also interested in the social functions a meal provides. According
to [29] some of the processes and activities which accompany a meal is the forming of social groupings, the forming
of relationships, and socialisation. Identifying that we form
social groupings when we eat, not only at home but also
places like our school or workplace. Meals are also used to
form new relationships and determining their closeness and
the roles each person have within this relationship. Meals
can also be used to reflect upon the status and power of people being part of that relationship. Finally, mealtimes bring
about a form of socialisation for its participants, people listen to each other and learn from each other. This in fact, is a
very important part of our childhood, since it is from socialisation that we learn our language, values, rules and attitude
towards the social group we are born into.
Research have proven that social factors have a clear effect on the amount of food people consumes. One of the
most studied aspect of this is a phenomenon called social
facilitation. Social facilitation refers to the well established
fact, that there is a positive relationship between the amount
of food consumed and the presence of people while eating.
This has been proven in numerous studies like [2, 4, 8, 9,
10, 12, 13, 18, 27]. It has also been proven that there is a
positive relationship between listing to the radio or watching
television and the amount of food consumed [3, 18].
One of the main reasons for this increased intake of food,
when being together with other people, a television or a radio, has been identified as the fact that people engaged in a
cognitively demanding task during a meal, diverts attention
from the meal. This can impair self-monitoring of food consumed, which can lead to greater food intake compared to
eating without competing tasks [18, 27]. Further more, this
research have proven that eating with persons familiar to you
can enhance food intake with as much as 40%-50% [10].
Other studies have proposed a more formal definition or impact of eating together, like [11], which identifies a power
function of the number of people present and the increase
of food consumed by a person. In this research an average
of 28% more food is consumed when eating with one other
person, than when eating alone. If two persons are present,
this amount is increased to 41%, 53% with 3 persons and
53%, 71% and 76% with four, five or six persons present.
Other research like[4] indicates that there is an increase in
food consumption when being present with others, but the
intake does not increase with the amount of people. In this
study they found that a group of two eat just as much as a

group of four friends. [27] showed that the amount of food
consumed in normal settings of people are also influenced by
the presence of others. In this study people ate an average
of 200kcal more when eating with others than when eating
a alone.
Another explanation for the increased food intake when eating with others have been the phenomenon of time extension. Research like [8] have tried to explain the increase in
food consumed, by arguing that when more people eat togehter the duration of the meal itself is longer than when
eating alone, exposing persons to the food for a longer duration, allowing them to eat more. Other research have shown,
that eating with others do indeed increase the duration of the
meal, however, whether or not more food is consumed cannot entirely be derived from the duration of the meal. [18]
showed that while meal duration is increased when eating
with strangers, the amount of food consumed is not. Studies
like [4, 27] concluded that eating with familiar persons compared to strangers had an effect on the amount of cookies
eaten, people were more inclined to eat sweats when dining
with family or friends than strangers.

•
•

•

•

•

METHOD

To carry out this study, a system consisting of two laptop
connected to the Internet with webcams and Skype, was installed at the patient and the relative participating. This was
done in an effort to study whether or not being visually able
to see and communicate with family or friends during dinner time encouraged patients to eat more and feel more socialised.

•

Plan for the study

•

The overall procedure for the study was to carry out the study
from the 4. of April until the beginning of May. If enough
patients were eligible for the study, two participants would
participate in the study each week, allowing for up to eight
participants to participate. It turned out to be more difficult
to find patients to participate in the study than expected and
due to this, the study was prolonged until the 30th of May.

meaning that he used to use computers a lot at work and at
home, but since he was paralyzed in 2004 he almost never
uses computers.
R2: Female, 61 years old, is the wife of P2, visits P2 1-3
times a week, little experience with IT, meaning that she
uses Internet, email and online banking, but does not do
so on a regular basis.
P3: Female, 73 years old, from Lebanon, isolated due to
language, treated for pneumonia, reduced appetite due to
cultural differences and medication given for pneumonia,
receives visits on a daily basis and has no experience with
IT, meaning that she has only tried to use a computer once.
R3: Female, 60 years old, is the sister of P3, is unable
to visit P3 because she lives in Lebanon, high experience with IT, meaning that she uses Internet, email, online banking, standard applications, Facebook and Skype
multiple times a day.
P4: Female, 56 years old, isolated due to length of hospital admission, admitted for short bowel syndrome and
reduced appetite due this, receives nutrition intravenous,
receives visits 1-3 times a week, has no experience with
IT, meaning that she has never used a computer.
R4: Male, 63 years old, is the husband of P4, visits P4
1-2 times a week, high experience with IT, meaning that
he uses Internet to surf for new and exciting applications
he can install and work with, email, online banking and
standard applications multiple times a day.
P5: Female, 70 years old, isolated due to length of hospital admission, admitted for short bowel syndrome and reduced appetite due to this, receives nutrition intravenous,
receives visits 1-3 times a week, has no experience with
IT, meaning that she has never used a computer.
R5: Male, 77 years old, is the husband of P5, visits P5 1-2
times a week, little experience with IT, meaning that he
has tried to take classes on how to operate a computer, but
never completed due to dementia and back problems.

Settings

Participants

To be eligible for the study the hospitalised person had to be
an able adult, with relatives able to participate in the study
as well. The person had to be submitted for treatment or prevention which required isolation, feel isolated due to length
of admission or feel isolated because of cultural differences.
Participants had to be either Danish-speaking, English-speaking
or able to receive help from an interpreter.
During the duration of the study, which commenced on the
4. of April and ended on the 30. of May 2011, 5 patients
were found eligible, the following list describes each patient
and the relative they chose to participate in the study:
• P1: Male, 55 years old, isolated due to treatment for cancer, reduced appetite due to medication given during the
treatment, receives visits on a daily basis and has medium
experience with IT, meaning that he uses Internet, email,
online banking, standard applications(Word, Excel etc.)
and uses these on a regular basis, has previously used
MSN Messenger.
• R1: Female, 53 years old, is the wife of P1, visits P1 on
a daily basis, little/medium experience with IT, meaning
that she uses a computer at work for various purposes and
uses standard applications at home, but does not do so on
a regular basis.
• P2: Male, 61 years old, isolated due to length of hospital
admission, admitted with bowel stenosis and reduced appetite due to this, receives nutritions intravenous, receives
visits 2-3 days a week, little/medium experience with IT,

The study consisted of two different settings; the ward the
patient was admitted to and the home of the relative participating. The set-up of the system in the ward was depending
on whether or not the patient was confined to the bed. If the
patient was not confined to the bed, the system was placed
as shown in figure 1.

Figure 1. The set-up of the system if the patient was not confined to the
bed.

This setting allowed the patient to be seated at a table with
the laptop behind the tray containing the food. The webcam was placed behind the tray to minimise intrusion by the
laptop and webcam while eating. It was the patients responsibility to position the webcam so that it was able to capture
the patient while eating. The patient was able to see relatives
on the laptop screen while eating.
If the patient was confined to the bed the system was placed
as shown in figure 2.
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point in time to agree on this. After the call had been made
the receiver had to accept the call and a video link would
be established, allowing for the supper to commence. How
participants were to act under supper was completely up to
themselves, participants were advised to do as they would
normally do if they were at home, but there were no restrictions as to the amount of time they could use, activities they
could use the system for, topics they could talk about, etc..
During supper, patient and relative was able to see and hear
each other. After supper the video link was terminated.
Figure 2. The set-up of the system if the patient was confined to the
bed.

Data Collection

Interviews were used to capture data. Before the start of a
study interviews with the patient and relative was held to
capture reasons for being part of the study, motivation, expectations, prior experience with different types of information technology and eating habits prior to admission.
During the study two interviews were carried out to capture
data. The first one being after participants had used the system for the first time. This was done to capture data on the
experience of using the system, experience of using the system compared to a normal supper setting, etc.. The second
interview was held a couple of days later to see if anything
in the utilisation or experience of the system had changed,
when participants had used the system for a longer period of
time.
Finally, an interview was held when participants had ended
the study to gather data on their thoughts of the system, experiences, technical feedback, ideas to improvements etc.

This setting allowed the patient to stay in bed and eat with
the laptop placed right beside the tray with food. The placement of the webcam was up to the patient, it could either be
placed next to the laptop or behind the tray, depending on
what the patient found most fitting.
The set-up of the system in the home of the relative participating was completely decided by the relative. However,
relatives were advised to chose locations in the home that
resembled the set-up shown in figure 1. This could for instance be the kitchen table or the living room table, with the
laptop and webcam behind. Again, relatives were responsible for the placement of the webcam such that it was able
to capture the relative while eating. Relatives could see the
patient on the laptop screen
Materials

The system used in this study consisted of the following materials at both the patient and the relative:

Data Analysis

Grounded theory [31] was used to analyse the interviews
of each participant in the study. Grounded theory is an approach to develop theory from data in a bottom-up style. In
this study it has been done by using open coding to systematically analyse each interview, in an effort to create codes
that describes every occurrences of relevant phenomena or
events in the interviews. After this axial coding has been
utilised to create main groups or categories from codes and
subgroups of codes. These categories have been used to describe the findings made during the study.

• A laptop.
• A webcam.
The laptops provided to the patient and relative were preinstalled with Skype and set-up to use the Internet at the
hospital or the home of the relative, depending on where the
laptop was used. Participants not already having a Skype account, had one created for them along with an introduction
to how Skype functions and had to be used for this study.

FINDINGS

Procedure

From the grounded theory analysis, four main categories
were identified:

A pilot study was commenced on March the 28th. The pilot
study was used to test the set-up of the system and try and
correct any unanticipated errors with the system.
Each study was scheduled to last for at least four days, meaning that the participants would have enough time to get comfortable with the system and allow for the necessary data to
be recorded. The procedure for a single patient in the study
was to interview both the patient and relative before starting
to use the system. Then allow the patient and the relative to
use the system to eat supper together once before interviewing them again, then let them use the system another couple of days to eat supper together before interviewing them
again. This interview would indicate the end of the study.
The day after that a final interview would be held with the
participants.
At supper, the procedure was for the patient and relative to
turn on their laptop and start Skype a couple of minutes
before supper was served. All patients admitted to the departments in this study had fixed times for when supper was
served. The patient and relative then had to agree upon who
would initiate the call, no guidelines to how they should plan
this was given. They could either call each other by telephone to plan this, agree upon who would call the next time,
last time they used the system or use the system at another

•
•
•
•

Course of meal.
Effect of the System.
Alternative use of the system.
Improvements to the set-up and system.

The findings related to each of these categories will be presented in the following sections.
Course of meal

This section will describe the course of the meal for participants at home, both together and when eating alone, the
course of a meal for patients before using the system and the
course of the meal for participants when using the system.
Finally, these will be compared.
Course of meal at home together

Participants all reported that they did make an effort of trying to eat together as often as possible, because they found
that more satisfying than eating alone. The course of a meal
at home was very similar in all the participants cases. The
food was, in most cases, prepared by a specific member of
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the household, either because other members were unable to
cook or simply due to habits, and made ready for an agreed
upon time. Most of the participants had their meal between
6 p.m. and 7 p.m.. During the meal the same activities were
reported as taking place, as described by one of the participants:

some people the constraint of having to eat earlier than they
were used to was very troublesome:
P3: If you are not hungry at 5.15 p.m. when they deliver you the food
you have ordered, it can be difficult to eat anything.

However, over time patients would get used to this:

R2: At our home I do the cooking. I try to have supper ready for
6 p.m. and then we sit down at the table and eat. While we eat we
enjoy each others company and we talk and discuss general topics
like what we have experienced that day etc..

P4: In the beginning I found it kind of annoying to have to eat that
early, but when you have been admitted for some time you get used to
it, you change your eating habits.

The duration of the meals varied quite a lot between participants, from some using as little as 15 minutes to others
using more than an hour. Variation in duration of meals was
primarily due to time spent enjoying each others company
during the meal and length of conversations during the meal.
The only habits connected with the meal was identified to be
who cooked, the time of the meal and some of the conversation subjects.

Another problem experienced by many patients with supper,
actually eating at the hospital in general, was that the ward
they were placed in was very dull and boring. A television
was present in each ward, but to be able to listen to it, they
would have to use a device resembling a telephone receiver,
which was not possible while eating. This, as explained by
P1 made the actual supper something that just needed to be
done as fast as possible:
P1: Since you really can not do anything while you eat, I eat as fast
as possible so that I can do other things than sit here alone.

Course of meal at home alone

The course of a meal at home when participants were to
eat alone, was quite different from when eating together. If
the person eating alone was not able to cook, the significant
other would take care of this prior to the meal, by making
something the person could just put in the microwave oven
or stove. If the person was capable of cooking, less effort
was put into making the meal and the type of meal would be
more simple and easy to cook, as explained:

Some of the patients were able to move around and enjoy
the company of other patients, but still decided to eat alone
in their ward because they found it odd to eat with what they
called strangers. The biggest problem identified by the patients was lack of appetite and motivation to eat. Several
reasons for this was given as the following statements show:

P1: If I have to eat alone I usually make something quick and easy, I
do not want to bother with the cooking and cleaning.

P1: My appetite and motivation to eat is very much affected by the
medications I receive, but when that is not a problem, I think I could
and would eat more if I had more influence on the food I was served.

Time taken to eat the meal was shorter than when eating
together, duration varied from between 8 to 15 minutes, the
explanation for this was:

P3: I do not like eating alone, sometimes I do not eat at all.
P4: The surroundings themselves does not make you want to eat and I
think they[the hospital personal] should try to make more of an effort
to motivate us to eat.

P2: To be honest, eating alone is not very exciting, so when I have to
eat alone I do it as fast as I can, so that I can get on with other things.

Due to this patients ate quickly so they could do something
else they found more entertaining or enjoyable. This also
meant that supper took patients from 5 to 20 minutes.

Some participants also reported that they changed their eating location and eating time, so that they could either listen
to something in the radio while eating, see something in the
television or be in front of the computer. One of the participants explained it this way:

Course of meal while using the system

The course of a meal while using the system was started by
initiating a call that would start the video conversation. This
meant participants had to figure out who had to initiate the
call and when to start the system to be able to eat together.
Several different approaches to this was taken:

R5: Eating alone is kind of boring, so I take my supper with me into
the living room and sit in front of the television. The television can
then be my company and entertain me.

Participants did not like having to eat alone as they did not
find it either motivating or enjoyable. Some even went as
far as to invite somebody else when they knew they would
otherwise be eating alone:

P1: Who called who depended on whether or not my wife would
make supper for herself or just grab something quick and simple. If
she would make supper for herself she would initiate the call when
she had made her supper and was placed at the computer ready to
go, otherwise she would just wait for me to call and then go grab
something in the kitchen.

P2: Sometimes when I know I will be eating alone, I call my son to
see if he wants to come and eat with me. He is a waiter so if he has
time he usually comes and make some nice food to me. I appreciate
that a lot, so much nicer to have company than eating alone.

Other approaches was taken as well. Another couple had the
relative start the system and log in when she was ready. The
patient could then turn on the system and see that she was
ready and call her. Others did this the other way around,
having the patient turn on the system when ready so that the
relative could call when ready. Who called who was different, some participants decided who called the other the first
time they used the system, others decided during the use of
the system who would call the next day and finally some
made the decision during the day, either by using the system
during the day or over telephone.

Even though no habits were identified with the meal, participants seemed to actively do something to make the meal
sociable by using different technologies.
Course of meal for the patient in the hospital

The course of a meal for patients was very similar in all
cases, this was due to hospital policy. Patients get their supper delivered to them in their ward at a specific time between
5 p.m. and 6 p.m.. The patients can select between a hot
meal with some sort of vegetables or some sort of soup. For
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In general the study showed that participants tried to carry
out their meals, with the system, in the same way they would
do if they were at home, as explained by one of the participants:

ence prohibited participants from feeling convinced that they
were together as well. These factors made most of the meals
over the system shorter than people were used to when eating together. Another difference was the meal. Relatives at
home, in most cases, would still make something easy and
quick for themselves, even though they were to eat together
with the patient. The biggest difference participants identified between using the system and eating together was actually the lack of activities after the meal. When using the
system, participants ended the video conversation when they
had finished eating, but most participants were accustomed
to do certain activities after the meal, like wash the dishes
together, go watch the news, take a walk etc. which was not
possible with the system.

P1: It is like being at home, except for the surroundings, we do the
same things as we normally would during the meal. We sit and eat
and talk together, just as if I was there or she was here.

Participants would sit and eat and talk as if they were at
home and most of the participants quickly forgot they were
speaking into a computer and not their relative in person:
P2: It is just like being with her, I mean, I know I am not there with
her, but it feels like it, after the first 2-5 minutes we forget we are
using a computer to do this.

Alternative use of the system

This section will describe some of the alternative utilisation
of the system participants used throughout the study.
As became evident early in the study, even though participants did not have much experience with computers or Skype,
the fact that the system was so user friendly and easy to use
intrigued participants. Some so much that they wanted to
learn more about computers so they could use Skype when
they got home. It also lead participants to use and think of
alternative uses of the system. As one of the participants
describes:

Duration of the meals varied a lot, from 15 minutes to more
than an hour and a half. The average time used for a meal
via this system was 25 minutes. The reasons for shorter
than average meals was normally due to something in their
treatment, either reactions to medication or just feeling ill.
The longer meals were most of the time due to others being
present:
P3: The first time we used the system my other sister was eating with
us as well, this made the supper take longer than usual because we
had so much to talk about.

P2: We enjoy being able to see each other when we talk, so we have
used the system when ever possible instead of the telephone.

Or something important had happened that they needed to
talk about or because they used the opportunity to handle
some business, which would otherwise have been brought
to the hospital by the relative or had had to wait until the
patient got home. The only habits connected with the meal
was identified to be the time of the meal and some of the
conversation subjects.

It was common for participants to use the system multiple
times a day. Mainly the system was used when participants
would other wise have used the telephone to communicate
with each other. Some used it to do chores they would other
wise had have to do when the patient would return home
or the relative would need to bring it to the hospital. As a
relative describes:

Comparison of course of meal

There seems to be a resemblance between eating at home
alone and eating as a patient in the hospital. The time spent
eating is reduced to a minimum and both situations lack
socialisation. Different approaches were taken to counter
this lack of socialisation. Participants eating alone at home
tended to eat in front of the television or computer or by the
radio to get sense of sociability. Patients on the other hand
finished their meal as fast as possible so they could do other
things that they enjoyed more and found more socialising.
Participants also stated that they ate less when they had to
eat alone, whether it be at home or in the hospital, compared
to when they ate together. The only difference was that when
eating at home, the participants had the opportunity to decide what to eat, when to eat and where to eat, whereas the
hospital makes the food for the patient and decide the time
patients have to eat.
The resemblance between eating together at home and eating
together using the system was considerable. Eating with the
system was reported to be very much like eating at home together. During the meal, the same activities took place, participants ate together, talked and discussed different topics
and enjoyed the company of each other. The topics discussed
were a bit different when using the system, focus tended to
be on the patient and less on everyday topics. Some differences were identified. Participants reported that the ability
of enjoying each others company was reduced when using
the system. Couples that had reported that they could sit
and enjoy each other company for more than an hour, were
not able to enjoy the company the same way when using the
system. This meant that couples did enjoy the company, but
not for as long as if they had been at home. The reason for
this was lack of physical presence. Even though participants
felt as if they were eating together, the lack of physical pres-

R1: The smart thing is, that we have been able to do some stuff that
he normally do and I do not know how to do, like faxing papers. With
this system he can see what I do and guide me.

Participants reported that they used the system for other meals
like breakfast and lunch as well. When they used it for these
meals, participants used the system the same way they used
the system for supper. One of the couples participating used
the system during ward round, with the doctors and nurses
participating in the video conversation. The benefit from this
was reportedly huge:
R2: If I had to decide between using the system to eat together or
participate in ward round, I would chose ward round. It is very nice
for relatives to be able to hear what the doctors have to say about the
patient and be able to ask questions which we normally can not.

The fact that participants saw what the system could offer
them, made a lot of the participants start to think about using
the system to communicate with others as well. Most of
the participants had children and grandchildren and in some
of the cases, patients had their children buy the equipment
needed to be able to communicate over this system:
P2: I told my boys to go buy a webcam and install Skype, so that I
could talk to them and see my grandchildren. They did, and we have
been talking and I am very happy they did that, it is a big help for me.
Being able to see my grandchildren means a lot to me.
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Finally, most participants had other relatives or friends join
one of the conversations during the study. This was either
done by having them buy the equipment needed to call the
patient themselves or by being present at the relatives home
when they were to use the system.

Effect on the patient

All patients reported, that the opportunities to see and speak
with their relative helped them feel less alone while admitted:
P5: Sometimes you do feel rather alone, even though there are other
patients, nurses and doctors here, it is simply not the same as speaking with family. There is certain stuff you can not speak to them about.
Being able to see and speak with my wife when I need to talk or feel
alone has made my stay less lonesome.

Effect of the system

This section describes the effects the system had in general
on participants, on the patient and on the relative.

Patients even reported getting better due to the fact that they
could see their relatives on a regular basis:

General effects of the system

In general the system made the duration of the meal longer.
This is when compared to relatives having to eat at home
alone and the patients eating alone on their ward. Duration
of the meal was in average 25 minutes compared to 8-20
minutes when eating alone. The main reason for this was
explained by one of the relatives:

P3: I feel better now that I can see my sister everyday.

A positive change in mood was often reported by patients:
P1: I can not imagine anybody that would not get more positive when
they suddenly get the opportunity to see their wife everyday.

R3: We do use more time when eating together with the system than
we would if we were to eat alone by ourselves. Using this system
we have each other to talk to and we are able to see each other, this
makes you want to spend some more time eating and not just finishing
the meal as fast a possible because your are sitting alone.

Many couples did also make arrangements with other relatives or friends, to have them join the meal. This was, as
explained by a patient, very giving:

It was difficult to compare the duration of a meal via the
system with the duration of a meal eaten together before admission. This was due to many different activities taking
place when they used the system. Sometimes other relatives
or friends would be present, prolonging the duration, other
times the patient would be so ill that they only used the system for a brief meal. Participants did agree that the lack of
physical presence did make them spend less time enjoying
each others company and hence spend less time eating together.
Participants found the system more pleasing to use than the
telephone:

P3: My sister told my other sister that we were using this, which
resulted in that my other sister dined along with us the first time. That
I am able to see other relatives as well does just make this system even
better.

A major problem many of the patients were experiencing
during their admission was that time went by very slowly.
Patients were accustomed to the daily routines of the hospital. When they used the system they all reported that they
easily forgot about time and that it was a nice break from the
daily routines.
The main objective of the system was to enable patients to
eat more. However, what became apparent during the study,
was that patients ability to eat varied quite a lot, from one
day being able to eat to the next day having to feed of nutrition fed intravenous. The main reason for not being able
to eat was reactions to medication given to the patient or reactions to the treatment the patient was undergoing. When
patients were feeling well enough to eat, most of them reported that they felt they had eaten more than they used to:

P4: We try to use the system as much as possible, it is so much nicer
to be able to see each other when speaking, especially when one of
the persons is admitted to a hospital.

Another advantage of the system compared to the telephone
was that it was free to use, several participants complained
about increasing telephone bills. One couple in particular
benefited from this:

P3: I have eaten more now than I else would, but that is because my
sister have been very good at pressuring me to eat.

P3: My family is spread all over the world, I have a son in Canada,
sisters in Lebanon and Sweden and other family in Australia, you
could imagine the telephone bill we rack up over the month, but with
this system, I can call them for free and even see them while I speak
with them.

The main motivation to try and eat was that the relative had
used time and effort to make supper and then they felt sort
of an obligation to try to eat something. Another motivation
came from the relative. Many patients reported that while
they were sitting and eating, the relative would try to press
them to eat some of the food they had been served. In one
case, the relative had the patient film the food with the webcam and then tried to motivate the patient to eat it, by saying
something like ’That looks good, how does it taste?’. The
system had another motivation factor as one of the patients
describes:

The best part of using the system was by all participants
identified, as being able to see each other. That they were
able to see and speak with each other made couples feel
closer.
It became evident, that the impact of the system was influenced by the distance between the relative and patient:
P1: My wife lives 20 minutes from the hospital, so even though we do
appreciate the opportunities the system have given us, I am convinced
that the system would have a bigger impact on people if they lived
further apart and did not have the possibility to visit each other each
day.

P2: Now that I know that I will be eating with my wife, it is also a
good motivation to get up and out of bed. There has been days before
were I have stayed in bed all day, but not while we have been using
this system.

In general the system motivated participants to start using
computers, even participants with non or very little experience in using computers, as stated:

Effect on the relative

One of the things all relatives agreed upon as a benefit of
using the system, was the ability to see the patient. This was
used to see whether or not the patient was in good shape and
try to help them if not:

R2: It have opened my eyes for a whole new world of possibilities. It
is so easy to learn, that I am certain that I will keep using it after we
have finished here.
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them, but if they were to use the system for a longer duration,
relatives imagined that they would just be watching when the
patient ate, and wait for themselves to eat later at night.

R3: It is nice to be able to see her, because I can see whether or not
she is feeling alright. If not I can try to comfort her. Over telephone I
do not have this possibility and she might tell me that she is okay but
really is not.

Improvements to the set-up and system

The ability to see the patient was also used to try to help
and motivate the patient to eat. Most of the relatives were
well aware that patients do not eat as well as home, when
admitted:

This section will be used to describe improvements to the
system stated by participants.
When participants were asked if anything could be done, to
make the system better or the experience of using the system better, only a limited amount of responses were given.
In general participants had a difficult time thinking of anything that could be changed or improved, because they were
surprised that a system like this was even possible. However,
somethings were stated:

R1: I can see that he is not eating enough, he has dropped in weight
so I try to motivate him to eat by talking to him and encouraging him
to try and eat even though it is difficult for him due to his treatment.

Some of the relatives experienced a relieve in their own everyday, as explained:

R2: If I should say one thing I think could have been better it would
be the quality of the picture.

R1: Before we got this system my normal day was very hectic. I would
come home from work, take a quick shower and then drive straight to
the hospital to be with him. Now I have some time for my self and do
not have to rush when I get home from work. I can do some stuff at
home before we eat together and relax a bit more.

Others experienced problems with the microphone:

In general relatives found that the system made their everyday a little bit easier, by allowing them more time at home
and less rush to go visit the patient. As one stated:

P1: We experienced that sometimes a high strident sound would appear making it almost impossible to carry on the conversations. Another problem was that you had to sit in certain positions, if not then
the other person would have a hard time hearing you.

R5: I feel less stressed the days i plan to go visit my husband, the fact
that I can get home, sit down a bit, go make food, eat with him, and
then go visit him, makes the day more manageable.

While participants liked the mobility of the webcam, some
of them thought that if the webcam could record the entire
eating set-up and not only the two persons eating, it could
perhaps enhance the feeling of eating together.
Patients confined to the bed had some difficulties using the
system and propose different set-up of the system. They proposed a system where the monitor was part of the bed and
when they needed to use the monitor, they would be able to
pull it down in front of them. Other ideas to different set-up
was made as well:

For most of the couples participating, the system did not
change the frequency of visits, but for one of the couples
it made a huge difference:
P3: The fact that we used this system made my sister from Lebanon
cancel her trip to visit me. She had planned a 10 day trip to Denmark
the next week, but when she heard that we would get the opportunity
to use this system she decided to cancel it because she believed it
would work as if she was here.

R3: You could have a ward where the set-up of the system was made
such that both bed confined patients and non-confined patients could
use it without having to physically turn and change position to use it.
Another option would be to have a mobile set-up of the system which
nurses could then bring to you when you have to use it. Similar to
both these systems would be that patients could then register for a
certain time a day they would like to use the system.

This sister explained why she had stayed home:
R3: I think I can do the same things using this system compared to if I
had been there. The only thing I am not able to do, is to be there when
the doctors and nurses are present, but then her daughter in law will
be there instead.

Patients preferred the monitor of the laptop rather than an
external monitor, the reason for this was eloquently stated
by one of the patients:

The relatives being at home all day, enjoyed the fact that
they could just sit down at the computer, call the patient and
then see and talk to that patient. The possibility to see the
patients days when the relative was not able to visit them
was a relieve:

P2: If I should use it at home to speak to my children I would probably like to have a larger screen, but for the purpose I have used the
system, the size of the screen is fine. The fact that it is not bigger
makes the event feel more private, like it is just her and me, and feel
more intimate.

R2: I do sometimes feel guilty when I sit at home and he is up there
all alone, so I am happy that now I can see him even the days I can
not go visit him.

The physical presence was by all participants identified as
the main thing lacking from the system to make it feel like
a real meal together, however no ideas was expressed as to
how this could be enhanced.

One downside when using the system was that relatives had
to eat at the same time as patients would eat. The earlier
eating time affected some relatives more than others:

IMPROVEMENTS AND CHANGES TO THE SYSTEM

R2: I do not like to eat so early, because then I know I will get hungry
later at night and will have to eat again.

This section describes some of the changes and improvements that could be considered for the set-up of the system
and the system itself, if similar studies were to be carried
out. These changes and improvements are based on the experience gathered through this study.
To make the system more versatile, user friendly and improve some of the problems pointed out by participants, the
following improvements could be considered if a similar study
were to take place. The build-in microphone in the computer
have caused some problems with the sound and positioning
of participants. To avoid this a wireless microphone could

This was also a reason for some relatives to put less effort
into the meal cooked, when eating with the patient and the
reason why some relatives ate less during the study:
R1: Some of the days I have just made something light and easy to
eat with him, and then made a proper meal later at night.

In general most of the relatives recognised that having to
eat early for a longer period of time would probably bother
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be used, this would allow for participants to sit in whatever
position they would like and if problems with sound should
occur, a wireless microphone is easier to reposition and replace than an entire computer.
A better webcam could also be considered. The webcams
used in this study could only record participants upper body
and head. To improve the experience, webcams that were
able to capture surroundings as well, could prove to make
the meal more realistic. Alternatively, it could be examined
whether or not different positions of the webcam would influence the experience.
Using a laptop proved to be a problem in the cases were
patients were confined to the bed. To resolve this problem
other devices, such as a tablet or smartphone could be used
instead. Examination of what type of device works best for
studies like this could then be carried out. Some participants also had difficulties operating a computer mouse, this
could be solved by using a touch screen. Otherwise, making a frame for the system could be considered. A frame
should make sure both bed confined and non confined patients would use the system in the same manner.
Changes to the system could also be considered. During this
study it became evident that participants use the system for
lots of alternative purposes. To make the system easier to
use, an addition could be made, that would allow participants to make arrangements for time to use the system and
who should call. Automation of this could also be considered. This would help participants which have difficulties
starting the system. Instead the system would turn on and
initiate the call when they had arranged. This would not only
make the system easier to use when participants were to eat
together, but also when alternative use of the system were to
take place.
These changes would also make it easier for other relatives
to participate, since they would just have to make an arrangement and then the system would initiate the call when it was
due. The only thing other relatives would have to do was to
get the same system as the patient.
To make the system more interactive to use, more webcams
could be used. Participants should then be able to decide
from which webcam they would like to see the other participant. Webcams could be placed so that one would record the
participant, another the food etc.

did mention, as A. J Sellen’s study also showed, that they
felt more distanced when talking via the system, than if they
were talking together at the same location. Again, lack of
physical presence was the cause for this. This lack of physical presence also meant that relatives did not think that the
system could substitute physically visiting the patient at the
hospital.
Using the system for alternative purposes proved to be something most of the participants did. The majority used it so
they were able to see each other when communicating during the day. Some used it to be able to see and talk to other
relatives than the one participating in the study and others to
be able to see and talk to family in other countries or even
other parts of the world. This seem to support the fact that
the Internet is a viable source for maintaining geographically
diverse networks as [15] also suggested. Using the system
was by no participants found to be an asocial activity, which
some research have suggested [25].
Studies like [2, 4, 8, 9, 12, 18, 27] have suggested that eating
together increases the amount of food participants consums.
This observation was also made in this study. However, the
patients health conditions and medical situation did have a
major impact on this observation. Three out of the five patients participating were treated for difficulties with their intestines and were receiving nutritions intravenous, rendering
them less physically able to eat. So while some of the patients were able to get the full effect of the system every day,
others were not as lucky and one of the patients participating
was not able to eat anything during the study. All patients did
however say that they felt motivated to try and eat.
For the relatives, observations varied quite a bit. From relatives reporting that they would eat more than if they had to
sit and eat alone to others reporting the opposite, that they
ate less. It seems as the effect for the relative of mediating
a meal, to a great extend depends on the perception of the
system. Some perceived the system more as a tool to help
the patient, and focused less on eating for themselves and
others perceived it more as a tool to eat together and help the
patient.
Furthermore, it has been suggested [8], that eating together
with someone prolongs the meal. This experience is supported by this study. All couples did use significantly more
time when eating using the system, than they had reported
they did alone.
Using the system over a short duration of time, as in this
study, did not bring forth any changes in usage of the system for eating with. None of the participants reported any
changes in the way they were eating together over time. Neither did any of the couples report adopting any habits while
using the system. The only changes reported during the
study was change of use. Most of the participants using it
for alternative purposes than eating together, reported that
they already started doing so the day after they had started
the study. Using the system for alternative purposes seemed
more or less to have the same effects as using it for supper,
except for the motivation to eat.
None of the participants found the restraint of having to use
the system to eat supper together every day during the study
to be a burden. Instead participants reported that it was exciting and something they looked forward to use. Over time
patients could not imagine it would be a burden to use the
system, but relatives did mention that it might be a burden to
have to eat at a specific time every day for a long period of
time.
In general the system had the biggest impact on participants
mood. Even though the main focus of the study was to improve food intake in patients, patients seemed to care more

DISCUSSION

The work related to this study suggested that people do feel
the most socially present when using ’webcam and voice
with text to support’ [1], closely followed by ’webcam and
voice’. In this study participants have been able to communicate with each other using webcam and voice. When asked
if they felt socially present with the other person, all agreed
that they did. However, as [28] also identified, the lack of
physical presence did decrease this feeling and the experience of being together. When asked if participants would
have felt the same presence if the system only had voice and
no vision, they all agreed that it would significantly decrease
the experience, some even made the remark that if a webcam
was not used, they might as well use the telephone. So this
study supports the fact that to get the best feeling of being socially present using mediated communication, webcam and
voice is the best solution available at the moment.
The analysis of the conversation of couples using the system
showed, that conversations were carried out the same way
they would have been if they were at home. Participants did
not report any problems with conversations using the system,
there were no problems with interpreting when the other had
finished speaking, as suggested by A. J. Sellen [28]. They
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about the ability to be able to see and talk with their relatives, than having a relative to eat together with. However,
indirectly this change in mood might also have an influence
on the amount of food eaten by patients.
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CONCLUSION

This paper has presented findings from an empirical study,
studying the effects of allowing patients and relatives to eat
together using a system that enables them to see and speak
with each other, when not physically together. The findings
indicates that it is possible to increase food intake in patients
by enabling them to eat with relatives while admitted. However, it has also shown, that the treatment and medication
patients receive while admitted, do have a big influence on
the effect of the system. This suggest, that if the system was
to be implemented at a hospital, some sort of screening of
patients would be necessary, to find suitable patients.
If proper screening is carried out in advance, this study suggest that the benefits or impact from allowing patients to use
this system is an increase in food intake or at least a motivation to try and eat, reduce patients feeling of being alone
while admitted, a positive change in mood, a feeling of not
being apart from their relatives and an a feeling of being
socially connected. Put together, this has the potential of reducing time patients spent admitted and positively improve
the experience of staying at the hospital.
The system benefits the relatives as well. Relatives are able
to see and speak with the patient, opposed to using the telephone, without visiting them at the hospital. Giving them a
feeling of not being so far apart from the patient, not feeling
guilty if they are prevented from visiting the patient, releasing them from stress and improve the mood in a positive way.
Finally, it can be concluded that patients sees eating alone at
home very similar to eating alone when they are admitted.
Whereas the experience of eating together with this system
is much more like eating together at home. The only main
different identified by participants were the lack of physical
presence.
The aim of this study was to investigate, through an empirical study, whether or not pervasive computing has the potential of increasing food intake in patients.
Some limitations should be considered when using findings
from this study. The number of participants was rather limited. During the two months this empirical study lasted for,
only five patients, from three departments, were able to participate. Three of the five patients had intestine problems and
were fed nutritions intravenous, which reduced their appetite
significantly. Participants were all above 50 years of age.
Measurement of food intake was not carried out as hospital
personal deemed it redundant. For measurements of food intake to be meaningful and useful, at least 150 patients would
have to participate and a control group would be needed.
Thus, future work should strive at making a large scale study
to be able to generalise the effects of the current system and
prove or disprove the findings in this study. Modifications
to the system could be made to examine what impact or influence they would have on patients eating habits. Finally,
future work could also examine what it would take to make
a system like this a general tool available at hospitals.
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