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Abstract

University of Munich (LMU)

Music listening histories are portraits of a person’s taste
in music. In my research I am exploring this type of
data and how user interfaces can be enhanced with it.
In this Doctoral Consortium paper I describe my
approach towards this goal: Statistical analysis and
casual information visualizations can help in finding
relevant patterns and aspects in listening histories.
Making them available to regular users and asking what
they learnt about themselves gives us the chance to
find out more about their listening on the minute level
of songs. Contextual information such as photos or
calendar entries can help trigger memories. In this
paper I describe the motivation and goals of my
research and my current status. In the end, both the
HCI community and end users can benefit from more
convenient and sophisticated interfaces for this data.
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Introduction
One of the many benefits that the transition from
analog to digital brings is the ease of logging one’s
music consumption. Services like Last.fm1 store
detailed lists of all songs that a person heard
automatically in the background without requiring any
user interaction.

1

ISMIR conferences) provides algorithms for contentbased music analysis but also interfaces for listening to
and organizing music. Integrating listening histories in
these interfaces happens, if at all, only implicitly.

Statement of thesis or problem

Work on the user benefits of such lifelogging data,
however, is scarce [7]. For the creators of listening
histories, ways to make use of the data exist only
implicitly as suitable recommendations. Explicit ways to
reminisce based on this data, make sense of it or use it
while creating playlists or organizing music collections
are not available. My goal is to provide users with tools
that let them use their data for their own advantages.

The main goal of my thesis is to understand what
benefits can be provided for users from their listening
histories beyond music recommendation. These
benefits might lie in the area of learning more about
themselves, reflecting about their behavior or
reminiscing about their past. More tangible benefits
could be the improvement of music-related applications
for organizing one’s music collection or creating
playlists. My hypothesis is that listening histories can
help in this regard.

Background and related work

Research goals and methods

Several disciplines are relevant to my research: Music
psychology and sociology are intimately concerned with
the ways people listen to music (e.g., [6]) but on a
rather abstract level: Manual data collection restricts
the results to day-to-day timeframes instead of
moment-to-moment as automatic logging does.
Information visualization and specifically Casual InfoVis
[5] describe the techniques and approaches to allow
non-expert users to learn about and make sense of the
large data sets that listening histories (and associated
contextual data) represent. Research in recommender
systems takes listening histories as input to their
algorithms and is therefore interested in understanding
users’ behaviors (e.g., [4]), but favors automation
before interactivity. Finally, the Music Information
Retrieval community (see proceedings of the annual

The problem of integrating listening histories into
applications implies a sequential research process: My
first research question is what information can be
drawn from listening histories and how to get it. The
second research question more specifically asks about
the ways in which this information can be beneficially
integrated into user interfaces.

http://www.last.fm

To answer the first question I follow a threefold
approach:
(1a) First, there is an extensive body of work from a
variety of fields regarding the uses of music in
everyday life (see Related Work section for an excerpt).
A literature survey should give me an overview of
relevant patterns and be able to deduct which of these
can be found in digital listening histories.
(1b) Second, a data mining and statistical approach
with cumulated listening histories should allow me to

Figure 1 - Song- and listening session-centric
visualizations Tangle (top) and Strings
(bottom) [1|.

Figure 2 - Visualizing a listening history,
photos and calendar entries in LastHistory
[3].

see the relevant aspects of single histories and
determine what makes an individual history relevant by
putting it in contrast to others. Quickly extracting these
aspects from a given history can improve personalized
interfaces. As an additional benefit, this could also lead
to new insights into what types of listeners exist.
(1c) Finally, listening histories reflect decisions and the
musical taste of a person and as this information is only
partially contained in the data I need input from the
users themselves. Listening histories with thousands of
entries can become quite complex, so I must give the
users the tools to understand them: I develop and
implement visualization prototypes that shed light on
different aspects of listening histories and help uncover
patterns that we were not aware of before. Subsequent
user studies in the lab and in the wild can uncover
those.
These visualizations also constitute one answer to my
second research question: Giving users the tools to
learn about themselves has benefits on its own.
(2a) Additionally, I want to perform another literature
survey on user tasks and interfaces surrounding music.
Its outcome, the design space of different types of
music tasks and applications, should provide the basis
for mapping the patterns found in listening histories to
these applications and improving a user’s experience.
(2b) Finally, I will develop concepts and prototypes
showing different ways to integrate this data. If there is
sufficient time left, I would like to evaluate these
prototypes as well.

Completed and proposed research
At the moment, both literature surveys on listening
behavior and music-related applications (1a and 2a)
are close to finished and I am currently working on

structuring the literature and deriving the design space.
I also (1b) analyzed a set of 5.000 long-term listening
histories using PCA to uncover the most salient features
of listening behavior. The results especially showed the
impact of seasons which was not observed before as
this is the first study with listening histories spanning
more than two years. Also, character traits that
influence listening such as curiosity were uncovered.
The main part of my Ph.D. projects concern creating
visualization prototypes and making them available (1c,
2b):
As a first experiment, Strings & Tangle [1] (see figure
1) provides song- and session-centric views on small
listening histories. The two visualizations gave an initial
impression of this data type and have been evaluated
informally. The most sophisticated prototype so far,
LastHistory [4] (see figure 2), allows visualizing
listening histories of arbitrary sizes in a time-centric
way. The two-dimensional graph of songs (horizontal:
days, vertical: hours) shows daily and long-term
patterns. Analysis tasks such as searching and filtering,
and interactively finding song repetitions and
sequences are possible. Additionally, contextual data in
the form of photos and calendar entries can be overlaid
as memory triggers that ease connecting the abstract
song titles to one’s personal history for reminiscing. We
qualitatively evaluated LastHistory with four users in
the lab and made it available on the internet. It was
downloaded by several thousand people and also
discussed by several technology blogs. Informal
feedback and an attached online questionnaire allowed
us to learn how people used the application and about
the patterns they found. With a similar approach, i.e.,
making the prototype available on the web, I currently
explore the connections between multiple listening

Figure 3 - Two concurrent listening histories
visualized for comparison in LastLoop.

Figure 4 - Rush: Interactive, intelligent
playlist-building on a mobile device [2].

histories: LastLoop (see figure 3) gives users the
chance to compare their listening behaviors with those
of friends and family. In addition to answering a
questionnaire, they can also take screenshots and
explain what they found at that moment. The feedback
from the prototypes showed that people indeed want
alternative ways to access their listening histories.
Another common task for music listeners is creating
playlists (also 2b). One concrete prototype that I
developed in this regard is rush [2] (see figure 4), an
interaction technique for interactive recommendation
on mobile devices. For a given seed song the user is
getting a selection of five related songs. After choosing
one, another set of related songs becomes available
and so on. While the first prototype did not integrate
listening histories, I want to use them to make sure
that the user knows the suggested songs. Also,
personalized recommendations could improve the
experience. The original rush was evaluated in a lab
setting, so I plan to make it available on Apple’s
AppStore to reach a large number of users.
I also want to build or at least design an additional
prototype that integrates listening histories with the
(currently) tedious task of organizing one’s music
collection and evaluate the impact. Finishing these
additional adaptations and prototypes should take no
longer than half a year.

Expected contributions
The outcomes I expect from my thesis for the HCI
community are a deeper understanding about the ways
people listen to music, which can inform all types of
music-related user interfaces and recommender

systems. Also, visualization researchers can learn how
this specific type of data, but also personal or
lifelogging data in general can be visualized and what
influence a user’s memories have in the process. And
finally, listeners gain novel ways to work with their
music.
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Abstract

General Terms

While a majority of adults in industrialized countries do
not exercise frequently enough to sustain physical
health, games with an exertive interface – exergames –
have been proposed as vehicles to increase activity
levels. After a brief discussion of my background, I
report on fundamental findings from studies conducted
by interaction designers, social and computer scientists,
and medical professionals whose work has responded
to the crisis in physical activity levels. I give an
overview of my proposed mixed methods research
design, and discuss how I can both contribute and learn
from approaches that can successfully support strong
study findings.

Design, Human Factors.
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Research Situation
For the past three years, I have been a PhD student
(who recently became a PhD candidate) at the School
of Interactive Arts and Technology at Simon Fraser
University in Surrey BC Canada. I have also been
teaching undergraduate media classes as a sessional
instructor and working as part of an artist team
commissioned to create a large interactive public art
project.
Early in the summer of 2010, approval was granted to
my Annotated Bibliography, a document that discussed
pertinent publications from the many research areas
that inform individual and collective fitness programs,
including those involving digital games (exergames). In
August, I successfully completed the Comprehensive
Examination by closely examining approaches to fitness
and exergaming previously undertaken by medical
doctors, national fitness researchers, computer science
research labs, interface designers, and sports
psychologists. In October 2010, I presented my
research proposal to the wider community, and am
awaiting ethical approval for our research study. The

study looks at how women over forty years of age use
exergames as part of an ongoing program of physical
activity. The mixed methods doctoral study will
combine an ethnographic approach with statistical data
analysis. During my Masters research study, I learned
to use an iterative qualitative research method called
Grounded Theory. Grounded Theory researchers study
the data as it is collected, using the method to bring
together multiple perspectives on a common process
with the intention of creating a theory about the
situation [2,3].
Pending approval from the ethical review board, our
study will begin in early 2011 and will be hosted at a
neighborhood community center. Procedures have been
established to collect data ranging from open-ended
interviews with participants to monitoring physical
changes through standard fitness testing. However,
while I am familiar with common ethnographic methods
and the format for community-engaged design
workshops, I am less confident of my ability to combine
a mixture of methods to support meaningful results. I
hope to engage in comprehensive discussions with
other Doctoral Candidates on the issues surrounding a
mixed methods study that tracks user experience over
time. I can contribute my knowledge regarding
qualitative inquiry, and would benefit from the
experience of those who have previously used a mixed
methods approach.

Context and Motivation
In most industrialized countries, fewer than half of all
adults exercise frequently enough to sustain optimal
health [1,9]. People who do not engage in physical
activity cite barriers such as a lack of time and energy
[1]. Commercially available fitness games such as Wii

Fit Plus, Just Dance, and Dance Dance Revolution are
promoted as entertaining approaches to increasing
physical activity. Interaction that increases physical
activity through a game-based mechanic has been
discussed previously at CHI [4,8,10]. The whole idea of
using a computer game to increase human physical
fitness indicates human-computer interaction at a very
fundamental level. If our research can inform others
about the ways that exergames can be used as part of
an ongoing program of physical activity, the
implications are significant: increased physical activity
helps to prevent illness and control chronic medical
conditions including non-clinical depression and
diabetes [1]. In addition to personal benefits for those
who exercise more, a more active population would
contribute to lower health cost expenditures.

Background and Related Work
Self-efficacy, extroversion, and a social network of
support have been cited as factors in adult exercise
adherence [1,4,10]. While research has been conducted
on the responses of youth to exergames, the conditions
under which adults over forty use these games have
been studied less often [6,7].
There have been few studies that investigate how
women over forty use exergames to support a
sustained program of physical activity. Commercial
sales to consumers in this age group have been
impressive [5], but have women actually begun to
exercise more frequently because they own
exergames? Previous studies have tended to focus on
measuring physiological effects in controlled
environments rather than tracking how home-based
users utilize exergames as part of an ongoing fitness
strategy.

Software designers and computer scientists have
developed applications that allow users to track their
own movements using digital pedometers, stationary
bicycles associated with videogames, cell phone
applications, and custom software that encourages
physical movement and social interaction [4,8]. Millions
worldwide have purchased the Wii console, and many
have also purchased fitness games like Wii Fit Plus or
will purchase a Kinect-compatible Xbox system. While
the capacity of games to entertain can be employed to
make physical activity more interesting, and the
convenience of fitness games in the home can
accommodate user-controlled exercise sessions, many
systems are unused after only a few weeks of initial
enthusiasm (in the same way that numerous other
forms of home-based exercise equipment now collect
dust). Although the owners of these neglected fitness
consoles and games may have intended to embark on a
sustained program of physical activity, their intentions
were not fulfilled. Our study will track the adherence
and progress of exergame users with the intention of
analyzing why some continue their program of physical
activity, while others do not.

Statement of Thesis or Problem
Our study considers the ways women over forty use
home-based fitness games (exergames) to manage and
enhance their physical activities, especially when the
games are used as part of an ongoing program of
physical activity. Three independent variables are being
examined: the role of exergames in a larger program of
physical activity, the role of a personal trainer in
expediting the use of exergames, and the role of
exercise partners or teams in sustaining a program of
physical activity.

Research Goals and Methods
Our research goals: The ethnographic aspects of the
study will identify how participants incorporate
exergames into a program of physical activity and the
relative importance of support from exercise partners
and the physical trainer. Fitness testing performance
signals the effectiveness of participants’ exercise
adherence. Our challenge is to successfully integrate
the diverse elements of the study data into meaningful
results.
Beginning in early 2011, participants will be recruited
who share the following characteristics: women who
are forty years or older, have ready access to a Wii
console and at least one exergame, have not been
advised by a doctor to avoid physical activity, and who
currently exercise two hours per week or less.
Participants will be given standard fitness tests at the
start of the study, and after one, three, and sixmonths. At each of the four points, the women will
track their physical activities for a week using a chart,
and will participate in an open-ended interview to
discuss their previous exercise history, exercise
partners, conditions of exergame use and how services
of the personal trainer were employed.
Participants will be invited to work with a certified
fitness trainer in a weekly drop-in class. Classes will
cover training in the most common exergames, and will
introduce participants to strategies for increasing and
maintaining a higher level of physical activity. Audio
recordings of the open-ended interviews with
participants will be coded using an ethnographic
approach.

The research proposal calls for approximately 55
women to participate in the study, with staggered
starting times. The timing of the CHI 2011 Doctoral
Consortium is ideal for our study, as the first
participants will be close to completing the six-month
study at that time. Although the ethnographic data will
be analyzed while the study is in progress, the task of
integrating statistical data into the study will begin in
the summer of 2011.

Dissertation Status
In September 2011, I became a PhD Candidate and am
currently organizing our research study. The final group
of participants will be completing their contributions in
early 2012. I expect to begin a first draft of my
dissertation in September 2011, and to complete the
document in spring or summer 2012.
During the past several years, I have reported on two
trial studies. At the Canadian Games Studies
conference in 2009, I presented an analysis of a blog
for people who were trying to lose weight playing
Dance Dance Revolution. I also presented a paper at
the FuturePlay 2010 conference on a trial study of
novice exergame players. The strongest finding was
that novices who asked for help in understanding the
game instructions tended to perform at a higher level
of accuracy.

Expected Contributions
The study allows researchers to understand how and
why women use exergames to become more physically
active and aware. Integrating a mixed methods
approach results in a comprehensive situational
analysis.
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Physical Activity with Digital Companions
How women over forty use exergames
Lorna Boschman, Simon Fraser University, lornab@sfu.ca
Research Problem

Research Questions

In industrialized countries, fewer than half of adults exercise frequently enough to
sustain optimal health (Shields et al., 2010, Biddle & Mutrie, 2008)

1.What are the factors that encourage women over forty to adopt exercise fitness
games as one component of a program of physical activity?

Adults over forty have an increased risk of developing chronic health conditions
that could be prevented through regular exercise: cardiovascular disease, type 2
diabetes, non-clinical depression (Warburton, 2006; 2007)

2.Does personalized instruction in exergaming support the development of a
sustainable program of physical activity?
3.How do the actions of exercise partners influence exercise adherence and fitness
levels of their co-exercisers?

Are exergames part of the solution?
Physical and brain fitness titles are among the most popular console-based games
purchased by Canadian adults over forty (ESAC, 2009); Wii Fit Plus with Balance
Board was #5 in Canadian sales (ESAC, 2010)
People intend to exercise when they buy the game, but are exergames the latest
home fitness fad that will collect dust? How can people develop strategies for using
exergames to support fitness?

Research Contributions
Contribution to HCI: How women use digital games to increase and maintain physical
activity
Contribution to public health: Aging adults can sustain good health and mobility
through regular exercise; exergames can support their strategies
Contribution to game studies: Market for fitness games geared toward aging adults
is growing, but suitable products are limited to a few titles

Figure 1: Site of Six
Minute Walking Test for
aerobic endurance

Physical activity with digital companions study
60 women in three-month longitudinal study, starting in staggered groups
Recruitment - local community centre, online social networks, and interviews in
mainstream media
Half of participants have Wii Fit (Plus) at home, half use the system at a community
centre (open access during the week)
Intensity and duration set by participants; Canadian Physical Activity Guidelines
introduced at mid-point (recommend at least 150 minutes per week of moderate to
vigorous activity)
Saturday mornings at community centre include: testing, workout sessions and
guidance from fitness trainer
Data collected at beginning, mid-point and conclusion of study through standard
fitness testing for aerobic endurance, balance and lower body strength; completing
self-reported physical activity chart; and open-ended interviews with researcher

Figure 2: Two Wii Fit Plus stations at Vancouver’s Britannia Community
Services Centre

Preliminary codes:
Assessing ability
Enjoying exercise
Exercising alone
Identifying barriers
Identifying benefits
Looking back
Looking forward
Tracking activity

Most frequent code: Identifying barriers
“My thinking slows me down…I’m lazy” – several dealing with stress and/or
depression
Gym: too crowded, people talking, don’t like being around other people
Walking: do not like to go out when it is raining
Childcare: did not have time when working and taking care of their children
Competition: “I am not good at competitive sports and I find that competition comes
into anything you do as a group context and it’s not something that I’m comfortable
with.”
“There is a big difference between 55 and 75”

Table 1 Preliminary results: Comparing self-reported minutes of physical
activity with distance covered in Six Minute Walking Test
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The research we are about to discuss is a result of my
PhD. Based in a computer science department, I have
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Abstract
Long distance relationships are not well supported by
current communication technologies. Although these
technologies are superb at communicating facts, they
lack an emotional element which I argue is necessary
for people who care about one another and yet who
must live apart. My PhD aims to address this problem
by examining social presence in technologically
mediated relationships. Thus far I have built a number
of teletangible devices to mimic human actions across a
distance. I will deploy these systems within a number
of long-distance relationships. I expect my research to
result in new understanding which will lead to
communication technologies with higher levels of social
presence, thus supporting long-distance relationships.
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Thus far I have begun work on several projects, each of
which I will discuss in detail later on. I have
constructed three devices (Figures 1 to 4) which are
designed to mimic human actions across a distance.
These are in the process of being evaluated. A diary
study is intended to address one of my fundamental
problem statements – namely, to determine what
constitutes social presence in relationships.
By attending the consortium, I hope to benefit in three
ways. The first is to obtain critical feedback on my
ideas given the expertise of the DC panel. I would like
to discuss both the communication devices I have
constructed and whether using these novel devices is a
sensible method to better understand what factors
impact social presence. I have been experimenting with
a wide range of devices and would value an external
perspective on which are of the most value to the CHI
community. The second benefit would be to practice

defending my ideas before an international audience, a
skill which is valuable, especially with regards to the
defence of my thesis and future career. The third
benefit may seem less important but for me the
consortium offers an opportunity to network with other
HCI PhD students and see what is happening in the
community as a whole.

Context and Motivation
In an increasingly globalised world, long-distance
relationships are becoming more and more common.
These relationships need communication technologies
to support them but symbolic systems (such as phones
or email) are ill-suited to this. People need emotional
support from one another; they need communication
technologies with high levels of social presence – the
feeling of emotional presence.
However, there is currently a lack of any theoretical
basis behind the factors impacting social presence
especially with regards to interaction design. This
means that although there have been a large number
of devices created to support relationships, the
assessment of their impact is poor and the
understanding of what works is minimal.
My hope is that by investigating the factors which
impact social presence, communication technologies
can be designed to support long-distance relationships.
The logic is that by supporting social presence, people
will feel closer to one another. Subsequently, this will
increase people’s satisfaction with their relationships.
As happiness is one of our defining characteristics, and
our relationships can make us happy, by maintaining
these relationships more effectively, and thus making
us happier, we improve our general wellbeing.

Background and Related Work
Social Presence as a concept was first discussed in [1]
where Short et. al define it as “the degree of salience of
the other person in the interaction and the consequent
salience of the interpersonal relationship”. Other terms
include emotional connectedness and presence-inabsence. Social Presence has been treated as a
property of the medium; this meant that a telephone
was expected to convey a certain level of social
presence, an email a different level. As such, further
investigating social presence was unnecessary beyond
assessing the communication medium. This assessment
is now regarded as being false; [3] for example has
demonstrated that email can create strong feelings of
presence. This means that social presence needs to
gather some of the research attention which has been
lacking in the past, such that the factors which affect it
during communicative acts are better understood.
There are a number of communication devices which
have been designed to help support social presence.
These tend to be either abstract, such as a single light
as in [4] or an augmented artefact, for example the
bed in [2]. These devices have been innovative at the
level of design but crude at the level of evaluation. The
assessment of these devices has been poor, mainly due
to the lack of a commonly accepted measure. Very few
devices, as of yet, have looked at simulating human
actions over a distance. This is what my devices
attempt to do.

Statement of Thesis or Problem
By investigating the factors which impact social
presence, I hope to build communication technologies
to support emotional communication and thus to help
maintain our many long-distance relationships. There

are a number of problems associated with this thesis
which need to be addressed. They can be stated as:

Figure 1: The Thermal Hug belt

Figure 2: The Collaborahand

1.

What is Social Presence? How do we measure it?

2.

What factors have an impact on Social Presence?
How can we support these factors in
communication technologies?

3.

Is there a link between Social Presence and
relationship satisfaction?

4.

Can we show that the improved communication
technologies support the long-distance
relationships?

The first question relates to what social presence is.
The selected method to address this question is a diary
study looking at both closeness and social presence.
The study will assess whether social presence can be
treated as an instance of closeness based on a
communicative act. The envisaged distinction is similar
to that between emotion and mood. An entire thesis
could be completed on how to measure social presence
- thus far, based on prior work [5,6,7,8], I have used
established social presence questionnaires but this
issue remains unresolved.
Discovering what factors impact social presence is the
hardest problem to devise a method to answer. There
are two methods I plan to use. If social presence is
found to be an instance of closeness, it is reasonable to
check whether the factors that impact closeness are the
same for social presence. The second is to use the
devices in a number of studies investigating all kinds of
factors – such as gender, relationships, tasks or age –
selected on the basis of background reading.

The third and forth problem statements can be
addressed in similar studies. To show the impact of the
developed devices, each will be included in a mediumterm field study. These studies will measure social
presence but also use a pre- and post- study
questionnaire to assess satisfaction with the
relationship before and after using the devices. These
studies will thus produce data to assess whether there
is a link between social presence and relationship
satisfaction. By including a diary aspect to these
studies, it will be possible to investigate how these
improved communication technologies impact people’s
relationships over time.

Dissertation Status
Thus far I have constructed a number of devices to
explore the design space for social presence
technologies. All of these devices have been designed
to mimic a co-located activity – hugging, holding hands
and leaving love notes – but across a distance. [5] and
[6] describe my thermal hug belt and present
experimental data indicating that such a device does
increase feelings of social presence between close
friends. The thermal hug belt can be seen in Figure 1.
When activated, it creates a band of heat around the
waist in a position where one might expect a hug to be
felt.
[7] presents a discussion of our hand-holding device,
the collaborahand (see Figure 2), and presents a
description of the relevant design space. A pair of
collaborahands are needed to create a communication
system. When one hand is gripped, as in Figure 2, the
other hand closes. This is intended to represent hand
holding over a distance.

[8] describes the design of the magic sock drawer, a
way of leaving love notes between people across a
distance in a place of intimacy. The system has three
software options, using handwriting, typing and a
combination of the two, to produce the love note. The
intention is to investigate whether a trace of the human
touch (e.g. using handwriting) has an advantage over
machine generated fonts (e.g. typed). Figure 3 shows a
complete unit, consisting of a tablet PC to write the
note on and a mini printer to print received notes.
Figure 4 shows a love note being printed, having been
created on the paired unit.

Figure 3: The Magic Sock Drawer
System

Figure 4: The Magic Sock Draw
printing a love note

A number of projects remain in progress. A study is
currently running, analysing students’ communication
patterns with another individual. This study has two
main aims. The first is to determine whether social
presence can be defined as an instance of closeness
based on a single communication act. The second
objective is to investigate how different communication
technologies are used for different purposes and look at
which ones are most used for closeness. In addition to
this, work progresses on the collaborahand and magic
sock drawer projects, with the aim of running a longterm field test with romantic couples living apart to
determine whether the devices have an impact on
social presence and the couples’ relationship and
subsequently why this impact occurs.
In terms of my thesis, I have written a complete
literature review in draft form. I also have the outline of
two subsequent chapters in draft form, one on defining
social presence, including the study on social presence
as an instance of closeness, and the other on the
design of the initial devices.

Expected Contributions
I expect that my thesis will result in information that
will help support long-distance relationships. More
specifically, I hope it will explain what social presence is
and what its impact on relationships is. I expect to
produce a list of factors which can impact the social
presence of close couples. Creating a set of
requirements for communication technologies to
support emotional communication would help to create
better devices. Finally a number of novel devices will be
developed to demonstrate the power of these
contributions which could be used to support longdistance relationships.
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Socialising Presence
Daniel Gooch
D.J.Gooch@bath.ac.uk
Context
In an increasingly globalised world, long-distance relationships are becoming more and more
common. These relationships need communication technologies to support them but symbolic
systems (such as phones or email) are ill-suited to this. People need emotional support from one
another; they need communication technologies with high levels of social presence – the feeling of
emotional presence.
However, there is currently a lack of any theoretical basis behind the factors impacting social
presence especially with regards to interaction design. This means that although there have been a
large number of devices created to support relationships, the assessment of their impact is poor and
the understanding of what works is minimal.
By investigating the factors which impact social presence, communication technologies can be
designed to support long-distance relationships. The logic is that by supporting social presence,
people will feel closer to one another.

Background
Social Presence as a concept was first discussed in [1] where Short et. al define it as “the degree of
salience of the other person in the interaction and the consequent salience of the interpersonal
relationship”. Other terms include emotional connectedness and presence-in-absence. Social Presence
has been treated as a property of the medium; this meant that a telephone was expected to convey a
certain level of social presence, an email a different level. As such, further investigating social
presence was unnecessary beyond assessing the communication medium. This assessment is now
regarded as being false; [3] for example has demonstrated that email can create strong feelings of
presence. This means that social presence needs to gather some of the research attention which has
been lacking in the past, such that the factors which affect it during communicative acts are better
understood.

Fig 1. The Collaborahands

There are a number of communication devices which have been designed to help support social
presence. These tend to be either abstract, such as a single light as in [4] or an augmented artefact, for
example the bed in [2]. These devices have been innovative at the level of design but crude at the
level of evaluation. Very few devices, as of yet, have looked at simulating human actions over a
distance. This is what my devices attempt to do.

Thesis
By investigating the factors which impact social presence, I hope to build communication
technologies to support emotional communication and thus to help maintain our many long-distance
relationships. There are a number of problems associated with this thesis which need to be addressed.
They can be stated as:
1. What is Social Presence? How do we measure it?
2. What factors have an impact on Social Presence? How can we support these factors in
communication technologies?

Fig 2. The Magic Sock Drawer Project

3. Is there a link between Social Presence and relationship satisfaction?
4. Can we show that communication technologies with high levels of social presence support the
long-distance relationships?

Projects
The first question relates to what social presence is. The selected method to address this question is
a diary study looking at both closeness and social presence. This study is assessing whether social
presence can be treated as an instance of closeness based on a communicative act. The envisaged
distinction is similar to that between emotion and mood. An entire thesis could be completed on
how to measure social presence - thus far, based on prior work [5,6,7], I have used established
social presence questionnaires but this issue remains unresolved.
Discovering what factors impact social presence is the hardest problem to devise a method to
answer. There are two methods I plan to use. If social presence is found to be an instance of
closeness, it is reasonable to check whether the factors that impact closeness are the same for social
presence. The second is to use the devices in a number of studies investigating all kinds of factors –
such as gender, relationships, tasks or age – selected on the basis of background reading.
The third and forth problem statements can be addressed in similar studies. To show the impact of
the developed devices, each will be included in a medium-term field study. These studies will
measure social presence but also use a pre- and post- study questionnaire to assess satisfaction with
the relationship before and after using the devices. Two devices have been developed. The
Collaborahand project (see top right) tries to imitate hand holding for people living at a distance.
The Magic Sock Drawer (see bottom right) replicated sending love notes to a remote lover. People
can create a note and send it to their partner where it is automatically printed out.

Expected Contributions
I expect that my thesis will result in information that will help support longdistance relationships. More specifically, I hope it will explain what social
presence is and what its impact on relationships is. I expect to produce a list of
factors which can impact the social presence of close couples. Creating a set of
requirements for communication technologies to support emotional
communication would help to create better devices. Finally a number of novel
devices will be developed to demonstrate the power of these contributions
which could be used to support long-distance relationships.
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Abstract
Many young people struggle with developing writing
skills, and computer game creation is a motivating
activity with potential in this area. Existing software
allows young people to design 3D areas and add game
objects, but provides little or no interface support for
writing and structuring narratives. This research
explores the support required to create 3D multimodal
narratives, adopting user-centred methods to design,
build and evaluate a suite of dynamic representational
tools. A key interface design challenge is developing
representations that foster writing skills without losing
the motivational immediacy of the activity.
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Research Situation
The author is a part-time Informatics DPhil (PhD)
student and has completed the equivalent of two years
full-time study on a three year program. This
interdisciplinary, design-based research uses social
science methods and builds on HCI, cognitive and
pedagogic theory. The author is a designer of
educational technology who works at the intersection of
computer science, psychology and education. The
foundational perspective is participatory design and a
commitment to deep engagement with child users
throughout the process. Extensive user-centred work
has been carried out, including a series of design
workshops and a formative evaluation of a fullyfunctional prototype. In the remaining two years of
part-time study the focus will be on refining interface
design, continuing development of a game-narrative
assessment schema and carrying out a final evaluative
study. Analysis of data from the first evaluative study is
in progress.

The author would value the opportunity to discuss
evaluation methodologies and theory around designing
interfaces to support compositional tasks, and could
contribute helpful ideas and suggestions to fellow
students conducting participatory design activities with
young people.

Context and Motivation
Improving children’s writing skills is a significant
concern in schools but many young people, particularly
boys, lack motivation for tackling writing tasks [14].
Computer game creation can be very motivating, and is
notable for being appealing whilst also involving a high
level of challenge and hard work [3]. Multimodal
literacy [8] recognises the extent to which meaning can
be communicated through a variety of modes. For
pupils currently in education it is not enough to learn
how to communicate through paragraphs of text
(though that can be problematic enough). In their
school and working lives they are likely to need to
make use of other modes such as video, sound and
images and weave these effectively with text content.
Additionally, the material they create will not
necessarily be linear, for example, when creating a
website.

Figure 1. Paper prototyping sessions

Creating a game narrative requires the complementary
use of text, 3D graphics and sound. Crafting an
interactive multimodal narrative is very complex, and
existing tool interfaces provide little support for this
aspect of the task. Previous work has shown that young
people can create compelling and interesting narratives
though this medium [12], but for many young
designers, working on a narrative of this type without
any representational support may be too hard, as
discussed in the following section.

Background and Related Work
A number of tools allow children to create games and
other types of digital narratives [6, 12], but at present
these have no explicit external representation of the
narrative structure. As a result, users have to keep the
(often very complex) branching plot in their minds.
External representations can help facilitate reflective
cognition, which is important for learning, by allowing
more complex chains of reasoning to be built [9],
although they must be designed with care to ensure
that the difficulty of learning to use them and switching
between them does not detract from the benefits [1].
The tool adopted for this research, the Neverwinter
Nights 2 toolset [10], is notable for allowing young
people with no programming or 3D graphics skills to
create games with commercial quality graphics; a
powerfully motivating factor. This toolkit’s interface,
like the others available, fails to provide
representations of the narrative under creation, and
also actively undermines storytelling in some respects.
For example, character creation is achieved by simply
dragging a default creature model from a list of
‘blueprints’ into the game. If the user wants to
customise a character’s appearance or traits they must
then choose to edit the character’s properties and
search through a table of around one hundred fields to
find and edit those that are relevant [6].
Choice of representation and means of interaction can
alter the mode of cognition used in a task. Svendsen
[13] concluded that whilst direct manipulation
interfaces of this sort can be user-friendly, they can
hinder problem solving if they are supportive of
thoughtless action. The tool’s inbuilt method of creating
game objects encourages young designers to adopt a

reactive mode of cognition and fails to encourage
reflection over the crucial task of character creation. In
educational tool interfaces it can sometimes be
necessary to make an interaction less easy in order to
encourage users to reflect on important tasks [11].
This thesis argues that a dynamic representation of the
narrative structure of a game, and support for key
storytelling tasks such as character creation, may help
the development of composition skills by encouraging
reflection over key tasks [4]. A clear challenge for this
research is in ensuring that any tools which reduce the
immediacy of interaction are not detrimental to
children’s motivation. Participatory design can be a
very helpful approach to adopt to ensure that
technology meets the needs of child users [2, 5].

Statement of Thesis or Problem

Figure 2. Character
Creator Screens
(top to bottom)
(a) Basics Screen
(b) Strengths &
Weaknesses Screen

Improving children’s writing skills is a significant
concern, and computer game creation has potential as
for improving writing skills. It can be motivating, and is
an excellent opportunity for situating writing within a
media-rich context, but existing game creation tool
interfaces fail to support development of writing skills.
This thesis addresses the following research questions:
1. How can game creation tools support the
development of writing skills at 11-15? Will any specific
groups such as boys or lower achievers benefit more?
2. How do interface representations of a game under
creation have an effect on the skills which can be
developed whilst creating games?
3. How can interactions within game creation tools be
geared towards specific skills development without
losing the motivational immediacy of the activity?

Research Goals and Methods
This design-based research uses participatory design
methods to investigate whether it is possible to gear
game creation towards writing skills development
through interface design, without losing the motivating
qualities of the activity. Mixed-methods are being used
to allow triangulation through qualitative and
quantitative data gathered in the course of design and
evaluation.
In order to examine the cognitive and motivational
effect interface representations have in the context of
game design a suite of tools has been designed with
input from teachers and target users, and reference to
existing theory. Collectively known as Narrative
Threads, these include a character creator tool which
encourages designers to reflect on character traits and
behaviours and a branching narrative representation of
the game under creation, as well as an augmented map
view which shows story locations and additional creator
tools for in-game items. Examination of the complexity
of narrative in games created using the new
representational tools, measurement of improvement in
multimodal writing skills and gathering of motivational
data will allow the research questions to be addressed.

Dissertation Status
Following the acceptance of the thesis proposal the
author conducted interviews with stakeholders including
English teachers and literacy specialists [3]. These
results fed into the design of the suite of tools, which
followed cycles of participatory design workshops,
reference to theory and advancement of designs.
Participatory design work indicated that dynamic
representational tools can be helpful to young designers
and will be adopted by them as long as it is clear how

Figure 3. Branching Narrative
Representation

use of the additional tools contributes to the designers’
end goal of creating an impressive game. A design
model for interface support in educational
compositional tools was developed [4]. A fullyfunctional prototype version of the software interface
has been created and evaluated with a class of pupils
aged 11-12 over eight weeks. The study examined the
quality and complexity of narrative in games created
using the representational tools in comparison with
those created without them. Following improvements
and revisions to the tools a further evaluative study
with smaller groups in an out-of-school workshop
setting is planned to allow closer investigation of usage
of the tools as well as measurement of any
improvement in multimodal writing skills. The thesis is
currently in outline form.

Expected Contributions
The expected contributions of this research include an
increased understanding about the role of external
representations in the context of game creation. The
author also aims to contribute to developing theories of
multimodal literacy. More broadly it is hoped that a
greater understanding of the potential of game creation
as an educational activity can be developed. Guidelines
on how best to integrate game creation activities in to
classrooms for educators will be disseminated.
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Designing an Interface for
Multimodal Narrative Creation
Computer game creation has potential as a motivating way for young
people to develop writing skills. Game creation toolsets make it
possible for children aged 11-15 to create their own interactive
stories in game form, but existing interfaces encourage a focus on
other aspects of game creation and leave story elements invisible. As
a result, opportunities for writing development may be missed.
This research addresses the following questions:
• Can learners improve writing skills through game creation?
• How important is the surrounding context? Can it work in a school
setting?
• Can an augmented interface with additional representational
support improve learning?
• Does altering the interface detract from motivational aspects?

Narrative Threads is a suite of tools designed to
support young people in developing writing skills
through the activity of computer game creation. An
extensive participatory design process built on the
theoretical background. The resulting tools augment
existing game creation software by providing new
dynamic representations and wizards which focus
attention on narrative aspects.

Katy Howland

HCT, Interactive systems
University of Sussex, UK

The tools, which include character and object
wizards, a branching narrative diagram tool and a
‘story icons’ map view are designed to provide
support for storytelling and to make the narrative
elements of the game more visible to the creator.
Two evaluations, which examined the tools in use in
different contexts, have been conducted. Data
analysis is currently in progress.
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Abstract
The promotion of mobile devices within the field of HCI
makes it necessary to better understand how these
devices are used in multitasking contexts, so as to
prevent accidents. In these contexts, users must
choose how to allocate their attention to the tasks that
they are engaged in. Using computational cognitive
models, I demonstrate why users interleave tasks in
particular patterns: to comply with priority objectives
and to optimize performance. In future work, I will
investigate how users learn to perform in optimum
ways, so as to be able to predict performance during a
first encounter with novel situations and interfaces.
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Research Background and Objectives
Mobile computing devices support a variety of our dayto-day activities: from making telephone calls, to
accessing social media – all on the move. Despite the
benefits in productivity brought about by such devices,
there is a real concern that they are too often spotted
in the hands of pedestrians and drivers on busy roads.
Understanding how people multitask is therefore an
important question for HCI research - especially given
the field’s promotion of mobile technologies. A better
understanding will greatly facilitate the design,
prototyping, and evaluation of such technologies in the
context of how people actually use them in dynamic
multitask contexts, with a view to minimizing
deleterious effects.
In multitasking situations, users must choose how to
allocate their attention to the tasks that they are
engaged in. In my PhD research, I am developing a
detailed understanding of how people choose to

In this paper, I highlight three strands of work that
form the core of my PhD research. First, I demonstrate
performance trade-offs in driver distraction research.
These trade-offs are explained using computational
cognitive models. Second, I describe a refinement of
this work, which allows comparison of human
performance to predictions of optimal dual-task
behavior. Third, I set out future work, which
investigates how humans learn to achieve optimal
multitasking performance in a given situation.

Research Strand 1: Performance Trade-offs
For a first strand of work, I investigated the distracting
effects of several side-tasks while users drove in a
simulated vehicle [e.g., 3, 8, 9]. The consistent finding
across these studies is that drivers make performance
trade-offs based on their priorities (see also [7]). If the
driver’s priority is to complete the secondary task
quickly, they tend to forsake driving performance and
spend extensive amounts of time on the side-task (so
as to complete that task quickly). In contrast, when
drivers are engaged to prioritize safer driving, they
interleave attention between the secondary side task
and primary driving task more frequently. In effect they
dedicate more attention to the road but necessarily
take longer to complete the secondary task. Using
computational cognitive modeling, I took this work
further by predicting [8] whether or not participants

Worst

Performance on Task 1

allocate attention in complex dynamic multitask
settings. Of particular interest are the factors that
influence people in their decision to switch between
tasks. If these are known, applications that are used in
critical situations (e.g., in-car navigation systems) can
be enhanced with options that stimulate or delay
switches.

Optimal
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++++++++++++++
+++++++++++++++
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Performance on Task 2
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Figure 1. Typical model results for alternative strategies
(grey plusses). Human results (diamond and circle) often
lie on a trade-off curve (black line).

interleave at specific points in the task process [cf.
e.g., 6, 14].
The development of these models is based on previous
work by Brumby and colleagues [1, 2] and uses the
framework of cognitively bounded rational analysis
[e.g., 4, 5, 15]. Based on an analysis of participants’
performance in single-task scenarios, the framework
systematically explores performance of alternative
strategies for completing dual-task scenarios (typically
with over 1,000 alternatives). Strategies are
characterized by the amount of time that is spent on
one task before moving attention to the other task.
Figure 1 shows a typical pattern of results. For all
alternative strategies (grey plusses) performance on
each of the individual tasks is plotted. The best
performance lies towards the origin of the axes. On the
inside outer edge of the strategy alternatives space a
trade-off curve emerges, as depicted by the black line.
Given a certain criterion for performing one of the
tasks, the trade-off curve predicts what the best

possible way is to perform the other task. This
approach is similar to Navon and Gopher’s influential
ideas on Performance Operator Characteristics [12,
13]. Results from empirical studies show that human
performance often lies on this trade-off curve [e.g., 2,
8]; however, the exact position that people settle on
along this line depends on the priority that the user
assigns to each task. For example, in a dialing-whiledriving scenario where task 1 depicts lane deviation
and task 2 depicts total dialing time, users that focus
on dialing tend to be at the top left (dialing fast, drifting
a lot), as indicated by the diamond in Figure 1. Users
that focus on driving surprisingly are not at the far right
(where driving is safest), but tend to be around the
inflection point of the trade-off curve (the circle): here
driving performance is reasonably well, while dialing
time is not disproportionately long [8].

Research Strand 2: Optimal Performance
The above analysis suggests that human performance
can fall at different points along a trade-off curve. The
exact point appears to depend on which task the user
gives greater priority to. However, there is still an open
question whether people can learn to adapt their
behavior to meet any specific dual-task performance
criterion. This is not obvious given the complexity of
many dual-task environments and our natural biases
for how tasks ought to be interleaved.
I investigated this in a second line of work. In this
work, participants performed two tasks concurrently.
They did not receive an explicit task priority, but were
required to optimize a numeric score that reflected
performance on both tasks in an unknown way. The
question was whether people could obtain the
maximum score, solely based on their experience with

this feedback. Modeling analysis was again used to
pinpoint the optimal strategy for maximizing payoff in
this task, and it was found that our participants’
behavior was remarkably similar to this optimal
strategy [10, 11]. In this way, this work went beyond
the observations that humans adapt their performance
to feedback in a dual-task scenario: it showed that an
optimal adaptation was learned.

Research Strand 3: Learning Optimality
The preceding work demonstrated users’ ability to
optimize multitasking performance. However, it does
not explain how they learn this. This is of particular
relevance as novel interfaces are released all the time,
and an understanding is required of how novice users
interact with those interfaces from day 1, when they
have no experience. This is my last strand of work.
How people learn to optimize performance will be
investigated in two phases. First, experimental data
from the preceding studies will be investigated to
identify patterns in users’ learning. For example, when
looking at Figure 1, do users move along the trade-off
curve towards the optimum point? This investigation
will be finished by the time of the doctoral consortium.
In the second phase I will investigate whether these
patterns fit with theories of human learning (e.g.,
reinforcement learning).

Conclusion and Implications
The three strands of work that were set out above
investigate different related questions in multitasking
research. Together this work will lead to a better
understanding of why users interleave tasks in a certain
way (to comply with priorities or optimize feedback)
and how they learn to achieve this optimal behavior.

Understanding these fundamental aspects of human
multitasking is of importance to the HCI community, as
they can guide development of safer mobile interfaces.
For example, an understanding of performance tradeoffs can help in developing interfaces that minimize the
trade-offs that users need to make. Similarly, understanding how users learn to interleave tasks can lead to
better predictions of users’ interaction with novel
interfaces in novel situations.
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Research Question & Methodology
How do people interleave two tasks when multitasking? What does the performance space look like?
!!

Performance on Task B

Research background
Interleaving two tasks involves making performance trade-offs

(Norman & Bobrow, 1975, Cogn Psych; Navon & Gopher, 1979, Psych Rev)

Performance is subject to constraints imposed by
the task environment, cognition, and priorities (as in Howes, Lewis, & Vera, 2009, Psych Rev)
!! Do people interleave in an optimal way, given these constraints?
!!

Performance Space
Where is the
optimum on the
trade-off curve?

Performance on Task A

Methodology: controlled experiments and modeling

Switch Cost

Humans need to interleave two tasks
and receive an explicit priority or feedback from a payoff function
!! Model is developed to explore performance space of alternative strategies
(see picture on right)
!!

Time on Task A

Time on Task B
Switch Cost

Systematically vary time spent on each task
to explore performance of alternative strategies

Study 1: Dialing while Steering

(Janssen & Brumby 2010, CogSci; Janssen, Brumby, & Garnett 2010 & under review)

Whether or not people interleave at “natural break points” depends on their priorities.
Experimental set-up
Keep simulated car in the middle of the road.
!! Dial an 11-digit phone number with 1 chunk boundary (xxxxx – xxxxxx),
which functions as “natural break point”.
!! Prioritize safe driving (diamond) or fast dialing (square).

No-interleaving

1.6

!!

Dialing-focus data
Steering-focus data
Model alternative
Chunk interleaving only strategy

RMSE Lateral Deviation (m)

1.4
1.2
1.0
0.8

Max-interleaving

0.6
0.4
0.2
2

5

Findings
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Priority strongly influences performance (top right figure):
- People do not solely interleave at chunk boundary (e.g., diamond).
- Extra breakpoints are inserted when needed.
- Performance in the safe driving condition (diamond), is not the safest
possible (max interleaving), but a performance trade-off is made.
!! Motor cues can act as natural breakpoints (bottom row figures).
Interleaving between series of repeating digits only (black points)
compared to other points (grey) offers speed-accuracy benefits.
!!
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Study 2: Tracking while Typing
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(Janssen, Brumby, Dowell, Chater, & Howes, 2011, Topics)

Humans adapt to explicit payoff functions in dual-task settings.
Mean Performance of best model
strategies (open) and humans (closed)

Experiment
Set-up:
- Type 20 digits as fast as possible.
- Keep blue moving cursor inside yellow target.
- Only one task is visible and under control each time,
participant has to decide when to switch.
!! Manipulations:
- Between Subjects: Characteristics of payoff function,
which captures performance on both tasks in 1 score.
- Within Subjects: Target size (small/large) and
noise of cursor movement (high/low).

Performance space of 9 individuals

Performance adapts to payoff function (colors, middle Figure).
Human data (closed) follows trend of best model strategies (open).
!! Performance space depends on individual characteristics.
Figure on the far right shows performance of 9 participants,
three per payoff condition (rows), with different typing speeds (columns).
!!
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Fastest typist

Conclusion & Implications
Consideration of the larger performance space helps to understand the trade-offs that humans make.
Conclusion
!!
!!

A performance model helps in exploring performance of unobserved strategies, and can bracket (optimal) performance.
Performance adapts to priority objectives and objective payoff functions.

Practical implications
Natural break points are useful to take into account when designing mobile interfaces, to encourage or delay interleaving.
!! However, priorities can overshadow the use of natural break points.
!!
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Abstract
Although intelligence analysts are one of the main
target users of visual analytics systems, we still do not
understand their work practices and methodologies well.
The lack of understanding about how intelligence
analysts work and how they can benefit from visual
analytics systems has created a gap between tools
being developed and real world practices. I argue that
we need a better understanding of these analysts and
their tool usage to build systems that better support
their tasks and add utility to their work practices. By
characterizing the analysis process and identifying
leverage points for systems through empirical studies, I
ultimately seek to develop a set of design guidelines
and implications that can be used for building visual
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analytics systems for intelligence analysis.
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General Terms
Human Factors

Research Situation
I am a PhD student in Human-Centered Computing
program at Georgia Tech. I would identify myself as an
HCI researcher with an emphasis on user experience
design and evaluation. I have been in the program for 4
years and I anticipate 1.5 years left before graduating.
My thesis proposal is scheduled for October 11, 2010.
In the proposal, I plan three research studies and one
has been completed. Two studies are in progress, and I
might plan another study depending on the progress.
By attending the Doctoral Consortium, I hope to gain
insightful feedback from participants working on diverse
domains. Since my research aims to bring HCI practices
to a specific community (i.e., visual analytics), I expect
that the diversity of participants will stimulate ideas

about how HCI practices can be proved effective and
adopted in other related research communities.

design implications will be extremely beneficial to
researchers who build visual analytics systems.

Context and Motivation

Background and Related Work

While visual analytics has seen unprecedented growth
in its first five years of existence, the main focus of
research has been on developing new techniques and
systems rather than identifying how people work and
what characteristics systems should support. The
intelligence analysis community in particular has not
been carefully examined. While intelligence analysts are
one of the major target users in the field, little research
starts with understanding them and we still know
relatively little about their work processes and
practices. The lack of understanding about how analysts
work and how they can benefit from visual analytics
systems created the gap between tools being developed
and real world practices. The result is that many visual
analytics tools do not truly meet user needs and are not
Figure 1. Pirolli and Card's Sensemaking Model being used effectively by analysts. In current practices,
researchers develop visual analytics systems based on
existing models of sensemaking / intelligence analysis.
However, those models do not provide rich details of
how intelligence analysts work. More empirical,
descriptive implications about the intelligence analysis
process are required to support researchers and users.
One approach to address the challenge is to adopt
successful HCI practices. In order to provide new visual
analytics technologies that will be useful and widely
accepted throughout the intelligence analysis
community, visual analytics research needs to focus on
enumerating design guidelines and implications by
understanding the users, their work processes, and tool
usage. Research studies investigating work processes
and practices of intelligence analysts and suggesting

Researchers have put effort to disentangle the
intelligence process [3, 6]. They have attempted to
resolve problems identified with the traditional
intelligence cycle, which has been criticized by
intelligence professionals in that it does not accurately
represent the process. However, these models were
designed to describe what is occurring within a specific
community rather than to find leverage points for
designing systems, thus failing to provide a sufficient
basis for developing technological support to analysis.
Among several models of sensemaking/intelligence
analysis, the most widely used model in the visual
analytics domain would be Pirolli and Card’s
Sensemaking Model [7]. Although the visual analytics
community has largely applied the model to designing
new systems, this model still does not describe details
of the intelligence analysis process. Several visual
analytics systems have been developed based on Pirolli
and Card’s model such as Jigsaw [10], Entity
Workspace [1], and the Sandbox [11].
A few visual analytics researchers have characterized
the work practices and analytical processes through a
qualitative approach [2]. As more visual analytics tools
become available, researchers have become interested
in evaluating the utility of tools beyond usability [1].
However, those types of evaluations involve a number
of challenges, and this promoted research in evaluation
methodologies and metrics [8]. There is an emerging
method called Multi-dimensional In-depth Long-term
Case studies [9] which adopts lessons from
ethnography methods used in HCI.

Statement of Thesis or Problem
“Current visual analytics tools do not sufficiently
support intelligence analysts throughout their work
process. By examining how analysts work on projects
and how they exploit technological aids during analysis,
we can better understand the intelligence process
model and identify how visual analytics systems can
help. By studying how investigators use existing visual
analytics tools for analytical tasks, we can better
understand what characteristics of the tools add benefit
or not, deriving design implications for future systems.”
1.

2.

3.
4.

Do current models used by developers of visual
analytics tools adequately characterize the process
of intelligence analysis? What aspects of
intelligence analysis are misunderstood?
Where in the analysis process and for what kind of
tasks can visual analytics tools benefit intelligence
analysts without intruding on their work practices?
How do existing visual analytics tools such as
Jigsaw support or fail to support analytical task?
What design guidelines and evaluation implications
for visual analytics systems for intelligence analysis
emerge from the studies of the analysis process
and the use of visual analytics systems?

Research Goals and Methods
The goals of this research are (1) to understand what
aspects we have misunderstood about the intelligence
process and where in the process visual analytics tools
can benefit by observing their work process and (2) to
identify leverage points for systems by examining how
and where existing tools support or fail to support
analytical tasks.
To achieve these goals, I propose three studies. The
first study is a longitudinal field study that examines

how analysts work throughout the analysis cycle. In this
project-based study, I will observe a team of analysts
solving a real-world intelligence problem for 10 weeks.
The team will update the status and progress on a wiki
page. By analyzing data through wiki pages, interviews,
and a final presentation, I expect to understand details
of the intelligence process and identify leverage points.
The second study is a controlled lab study that seeks to
identify leverage points for systems by observing the
usage of an existing tool. In the study, I will examine
the use of Jigsaw [10] – a visual analytics system for
helping analysts - in an investigative analysis scenario
as compared to other traditional methods. Through the
study, I want to examine how people would approach
data analysis using a visual analytics system and what
characteristics of the system lead to the main benefits,
deriving design implications for future systems.
The third study is an ongoing evaluation of Jigsaw - a
case study with domain experts who use the tool for
their own work. After being developed, Jigsaw has been
deployed to experts in various domains including
academics, police departments, and fraud investigators.
Through a series of in-depth interviews with those who
have used Jigsaw for their own work, I seek to broaden
the scope and observe people’s tool usage under
diverse task types, document types, and contexts,
thereby identifying a variety of design requirements.

Dissertation Status
Among the studies I proposed, the comparative lab
study has been completed. The goal of the study was to
derive design implications by observing how people
would conduct an analysis using the tool. From the
study, I identified four general investigative strategies:
(1) Overview, Filter, and Detail, (2) Build from Detail,

(3) Hit the Keyword, and (4) Find a Clue, Follow the Trail.
I also identified several benefits Jigsaw provided and
derived design implications including the followings:





Facilitate clue-finding and narrowing down.
Support evidence marshalling.
Allow flexibility in organizing.
Suggest alternative paths but support task
resumption.
I expect that developers and researchers could learn
more fundamental knowledge and high-level
considerations for developing similar tools. The results
have been published in VAST’09 proceedings [4] with a
longer version to appear in IEEE Transactions on
Visualization and Computer Graphics [5].
The other studies are in progress. The project with
analysts started in September and will continue until
2011 March. For the ongoing evaluation of Jigsaw
including interviews with experienced Jigsaw users, I
have done two initial interviews. As I seek more users,
the study will go on through next two semesters.
The actual thesis document is in rough draft. Through
my participation, I hope to obtain ideas about how to
effectively distill and integrate design implications from
a series of empirical studies and how to systematically
assess design implications and guidelines derived.

Expected Contributions
Understanding users is essential in designing systems
especially when the domain is not well understood. I
hope that my research provides useful implications for
researchers to design and evaluate their systems for
intelligence analysis. The contributions include:





Provides knowledge of intelligence analysts’
strategies, practices, and tool usage
Provides empirical knowledge of how interactive
visual systems can assist document sensemaking
Identifies design requirements and suggests
guidelines for future tools for intelligence analysis
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Informing Design of Visual Analytics Systems for Intelligence
Analysis: Understanding Users, User Tasks, and Tool Usage
Youn-ah Kang and John Stasko
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Abstract
While intelligence analysis has been a primary target domain for visual
analytics system development, relatively little user and task analysis has
been conducted within this area. Our research community's understanding
of the work processes and practices of intelligence analysts is not deep
enough to adequately address their needs. Without a better understanding
of the analysts and their problems, we cannot build visual analytics
systems that integrate well with their work processes and truly provide
benefit to them. In our research, we aim to close this knowledge gap
through a set of studies.
RQ1. Do current models used by developers of visual analytics tools
adequately characterize the process of intelligence analysis? What aspects
of intelligence analysis, if any, are particularly misunderstood?
RQ2. Where in the analysis process and for what kind of tasks can visual
analytics tools best benefit intelligence analysts without intruding on their
work practices?
Characterizing the Intelligence Analysis
Process: Informing Visual Analytics Design
through a Longitudinal Field Study
Methods
• A longitudinal field study of three groups
of students working on the intelligence
analysis project for 10 weeks
• Interviews, observations, and wiki
analysis
Three types of collaboration
• sharing /content / functional
Rethinking the intelligence analysis process – linear vs. parallel

Pirolli and Card’s sensemaking model

Wheaton’s Multi-phasic model

Design implications
• Externalize the thinking process - Help analysts build a conceptual
model
• Enable managing pushed and pulled information
• Support analysis with constantly changing information - integrate
collection and analysis in a single system
• Help analysts create convincing production – support insight
provenance and sanity checks of analytical products

RQ3. How do existing visual analytics systems such as Jigsaw
support or fail to support investigative analysis?
Evaluating Benefits of VA Tools:
Deriving Design Implications from an Observational Case Study
Goals
• How do people use systems?
What characteristics matter?
• Explore evaluation methods
for utility evaluation
Study Design
• Comparative lab experiment - Paper / desktop / entity / Jigsaw
setting
• Dataset - 50 simulated intelligence case reports
• Task - Identify the threat & describe it in 90 minutes
Outcomes
• Identified four investigative strategies
• Explained how the tool helped
• Suggested design / evaluation implications
Examining Use and Adoption of Visual Analytics Tools for
Sensemaking Tasks: A Case Study of Tool Usage
Goals
• Get real world feedback of Jigsaw
• How does the visual analytics tool support different user needs
and sensemaking tasks?
• What issues arise in use and adoption of
a VA tool?
Study Protocol
• A series of semi-structured interviews with
domain experts who have used Jigsaw for their own task
Expected Outcomes
• Understand user requirements
• Examine how the tool helps users attain their professional goals
• Investigate use and adoption issues
Expected Contributions
• Provides knowledge of intelligence analysts’ processes,
practices, and tool usage
• Provides empirical knowledge of how interactive visual systems
can assist document sensemaking
• Identifies design requirements and suggests design implications
for future visual analytics tools for intelligence analysis
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General Terms
Abstract
Collaborative decision making (CDM) is a key aspect of
collaboration in both its importance to the process and
its internal complexity. In my PhD research I focus on
such decision making and its support through the use
of history visualization and reconstruction. The goal of
this research is to explore the role of history in
collaborative activities and to provide a specific set of
design guidelines and concepts for technological
support of CDM through history capture, recall, review
and revision.

Keywords
Collaborative decision making, history, visualization,
creative collaboration
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Human factors, Design.

Context, Background and Motivation
In my research I seek new ideas and tools that can
help people make decisions collaboratively, especially in
recalling and reusing past work. Current decision
support and history tools suffer limitations, such as lack
of integration and visualization capabilities [6] or
imposing rigid structure on thinking processes [7,8,9].
These tools are often geared towards highly
differentiated roles and are data centric. They aim at
manipulation of structured data and are limited in
tracking, assessing and documenting collaborative
decisions. Further, they fail to support key aspects of
CDM. Specifically, history is agreement more than
record. Rationale is typically reconstructed when
needed, and then becomes group history by the fact of
agreement with it. Much of the work on history has
focused on recording and controlling interactions with a
single system (e.g., [5]). History’s benefits are
deferred, tasks are immediate. In sharp contrast,
people focus on work for which the immediate

perceived benefit exceeds its cost. Systems that impose
work overhead discourage use [8,10]. Collaboration
uses multiple media, both digital and physical. A
system that constrains media forms will capture much
less than participants would wish and could use [8].
As a result, there is a clear need to better support
histories in CDM at all stages of turning data into
knowledge and action. In the CDM process, knowing
how others arrived at insight and conclusions is often
as important as the conclusions themselves [10]. Both
the literature and our observations show that the agile
methods (or rapid design cycles), which are now
widespread in organizations, discourage thorough
record keeping [2]. In the rapid, time-pressured reality
of collaboration, people are naturally reluctant to invest
effort in tasks that remove them from immediate goals.
This makes it increasingly hard to find out why a
decision was made so that future ends align with the
goals. We suggest that the use of visual history
mechanisms could aid in addressing these problems.
Organizational science documents common problems of
an organization’s memory, such as knowledge capture
(inability to record the information needed), knowledge
transfer (unwillingness to contribute information into
group memory) and knowledge reuse (inability to find
and extract the right information) [1,4,9].
We hypothesize that incorporating history mechanisms
into system functionality and representing it in an
easily accessible, visual form may support collaborative
decision processes in multiple ways. History
representations have been claimed to support common
ground and awareness and expose social connections
[3] as well as facilitate iterative interaction, analysis
and communication [5].

Statement of Problem and Research Methods
In my thesis, I aim at a set of grounded guidelines and
considerations for the ways in which history could be
represented in collaborative systems. In my work so
far, through literature review and ethnographic
observation I have come to focus on the following
critical aspects of history in the CDM process:
Decision reconstruction (“What did we do and
why did we do it?”)
Alternatives exploration (“What we might have
done and why we didn’t?”)
Knowledge and expertise transfer (“How has
this problem been solved in the past? What do
we need to remember and record for the
future?)
Group consensus and conflict management
(“Who have taken similar decisions or has
similar interests? What are the real priorities
for the team?”)
Communication (“Am I aware of what others
have been doing?”)
Based on a literature review and a six-month
ethnographic observation in a major technology firm, I
have devised a set of initial assumptions about people
and the ways they use technology in general and
history functionality in particular:
-





Learning curve. Collaborators will invest (a lot of)
time and effort into documents and/or tools that
specify goals and outcomes. People view learning
more favourably the more directly it leads to
outcomes.
Minimal commitment. Even when a tool is wellunderstood, collaborators will only use it when the
perceived immediate benefit exceeds the perceived
cost. Collaborators will focus on the perceived
highest and best use of their attention – they want











to “get the job done”. Not only must collaboration
tools be easy to learn, they must be nearly trivial
to use.
Switch of attention. If collaborators have to drop
out of “flow” to do a task, they won’t. Ease of
learning and ease of use must be supported as
close to immediate tasks as possible.
Reminders. Memory is associative. Given a cue to
an event or decision, people may recall much of the
memory directly or may be able to locate external
records. Reminders themselves may thus be as or
more important to record than records of history.
Particularly in the rushed, “sloppy” collaboration
process, we may rely on the (perhaps incomplete)
actual record, as long as we can find or recall the
parts we want.
Storytelling. In order to remember things, people
both tell and like to hear process stories. Stories
are engaging. Stories unfold; they build. They help
us to follow a line of argument or explanation.
Thus, in collaboration, stories are powerful devices
for sharing knowledge.
Alternatives. Alternatives considered can help
explain past work as well as reasons for not taking
a specific decision path. Alternatives proposed can
show the range of possible directions that an
analysis might take and help trigger creativity in
choosing decision path.
Game play. The idea of play can motivate people to
contribute to history. Motivation can come from
engaging play, extrinsic or intrinsic rewards. The
idea of a game may be used to increase the
immediate payback of contributing to history.

To check the validity of the above assumptions, I will
conduct at least three case studies of creative

multidisciplinary teams. These include retrospective
analyses of a building design and construction project
and a geographically-distributed authoring process for a
very large research proposal, as well as an in-situ study
of a software design group. Depending on their type,
studies will include participant observation,
ethnography and in-depth interviews. At the time of
conducting these studies, possible design responses will
be sketched. A Master’s student in my research group
will prototype these designs for demonstration to
project participants with whom I will use data and
member triangulation to check how the solutions could
aid decision making in real task completion. Based on
the conclusions from the study, we will further sketch,
prototype and test concepts for technological support of
CDM, develop guidelines, specify requirements and
methods to support the design of history visualization
tools. The outcome will be a robustly validated set of
design guidelines and visualization methods for
supporting decision processes in collaborative systems.

Dissertation Status
Items completed:





Conducted literature review on CDM. This allowed
me to define critical factors influencing its success.
Conducted a survey on the tools that employ
history functionality. This helped me understand
the history elements that are not yet being
supported.
Completed a 6 month ethnographic observation
study. This helped me discover common problems
with decision reconstruction in agile teams and
define critical activities where history is necessary.

Items to be done:



Conduct in-depth case studies to understand the
elements of history most utilized by creative teams.
Define design requirements, sketch system design
solutions for history support of CDM.

Expected Contributions
My work will provide insights into the necessary
elements a system should employ to be more
responsive to user needs. These insights will be
presented both in the form of general guidelines and
specific history functionality design solutions. I will also
provide detailed descriptions of the processes
surrounding CDM as well as effects of visual histories
on collaborative activities in creative environments. The
findings will frame technology requirements for
supporting decision reconstruction, discovery,
exploration, and consensus building through more
effective knowledge sharing and reuse.
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Overview:
The goal of this research is to explore the role of history in
collaborative activities and to provide a specific set of
design guidelines and concepts for technological support
of collaborative decision making (CDM) through history
capture, recall, review and revision.

The Problem: Limitations of existing tools
?
Lack of visualization and integration
?
Imposing structure on thinking
?
Data centricity
?
Ignoring agreements
?
Constraining media forms
?
Imposing work overhead
?
Failure to emphasize recall

The Approach: Incorporating Visual History
Mechanisms in Tools
?
History is agreement more than record.

Rationale is typically reconstructed when needed, and
then becomes group history by the fact of agreement with
it.
?
History's benefits are deferred, tasks are immediate.
People focus on work for which the immediate perceived
benefit exceeds its cost. Systems that impose work
overhead discourage use.
?
Collaboration uses multiple media, both digital and
physical.
A system that constrains media forms will capture much
less than participants would wish and could use.

Method: Ethnographic Studies of Collaborative
Decision Making in Teams
The goal: identify issues in collaborative decision
making, explore the role of remembering and
reconstruction for team progress, study the ways in
which team members interact with history
functionality.
Description: Three case studies of heterogeneous
teams: enterprise software design group, design and
construction project, customer experience support
group in a technology firm.

Critical Aspects of History for Collaborative
Decision Making:
?
Decision reconstruction
?
Alternatives exploration
?
Knowledge and expertise transfer
?
Group consensus and conflict management
?
Communication and awareness

Final decision

Figure 2: Timeline

Categories
Picture
Note

Document
Audio
Specification

Typical Problem Scenarios in Collaborative
Decision Making
?
Keeping the group updated on the important events

and decisions
?
Recording informal conversations
?
Supporting new group members in understanding
group processes and getting most of the
organizational memory
?
Capturing and representing contextual information
?
Representing and supporting agreement structures
?
Reducing tools' imposed structure of decision
making
?
Reducing work overhead
?
Dealing with information overload and clutter

Key Principles for Systems Design
Enable “remembering just enough”
People do not need to have a complete record of history to
remember decisions. Rather they need to be reminded.
Reduce effort to interact and contribute
In order to be used, the tool should be immediately
available and should not require any effort to learn.
Facilitate context discovery
Users should be given the ability to define, build, and
extract contexts and meanings within a system.
Facilitate creating group's own collaborative structures
Users should be given opportunity to organize their work
based on their agreement, not based on predefined
structure or rules imposed by tools.

Now

Start

Figure 3: Relationship Graph
Document
Image
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Stronger
Relationship

Audio

Event

Weaker
Relationship

Figure 4: Hierarchy

Figure 5: Replay

Project 1
Notes
Summary 1

Images
Image1
Image2

Summary 2
Summary 3
Summary 4

Image3
Summary 5
Documents
Audios
Project2

Step 1
Step 2
Step 3

Project3

Expected Contributions
?
Informed and evaluated set of history representation

methods
and designs for small professional groups
?
Requirements analysis for technological support of
decision remembering, recall, and reconstruction
?
The above designs will facilitate knowledge sharing,
transfer and reuse in small professional collaborations

Figure 6: Summary Timeline
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Meeting 1:
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Abstract
The contribution of the phenomenological aspects of
movement to the construction of user experience is
relatively unknown. A better understanding of the
characteristics of movement experience has the potential
to transform the quality of interaction and to assist in the
development of alternative interaction methods for
ubiquitous and tangible computing systems. The
research presented in this paper integrates methods
from a diverse range of disciplines – including design,
social science, and somatics – to identify design
principles that can guide the development of systems
that incorporate aspects of movement experience.
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Introduction
The expanded environmental contexts within which
computers are used provide new opportunities as well as
challenges for interaction designers. The current
dependence on visual modes of input and output relies
heavily on a user’s attention, presenting problems for
people performing common tasks such as walking or
driving. Exploring somatic awareness as an additional
means of representing and communicating information
has the potential to provide solutions to these types of
problems.
Somatic awareness, or the awareness of the body from
the inside, is one of the primary components of
movement experience. Yet little is known about the role
that movement plays in the construction of user
experience.
Movement has historically been approached as a
functional component of interaction in HCI; this reflects
the task oriented focus of early HCI research which was
preoccupied with ergonomics and efficiency as
exemplified by Fitts’ Law [4]. Yet movement is not solely

functional, it is also highly experiential. While
performing a task, using tools, or communicating, a
mover is simultaneously feeling herself in action. As
embodied organisms, movement is our primary means
of accessing the world outside ourselves. It is the first
language we learn and according to numerous
researchers, it is integral to the formation of our
cognitive and linguistic abilities [2,5].
Figure 1. Taro(t)ception: A
research tool for exploring
the kinesthetic experience
of interaction.

Movement experience is a unique modality, similar to
vision and hearing, that is capable of transforming
interaction. With a better understanding of how
movement is involved in the construction of experience –
cognitive, emotional, and somatic – designers of
ubiquitous and tangible computing systems will be able
to integrate vicarious movement experience into their
applications, enabling new forms of interaction and
experiences for users.

Background and Related Work
One of the central ideas informing investigations of
movement is the concept of embodiment. In Paul
Dourish’s book, Where the Action Is, he introduced the
concept of embodied interaction to the field of HCI by
arguing for an approach that takes into account the full
spectrum of human skills [3]. This notion of Embodied
Interaction has been utilized to understand the role of
movement in supporting cognition, to investigate skillsbased approaches to movement, and to explore the
semantic nature of movement interaction.
These approaches, though varied in their focus, are all
grounded in functional movement. Experiential
approaches to movement, however, center on the
phenomenological characteristics of movement. These
investigations are undertaken in areas that prioritize

first-person experience and generally involve practicebased and reflective approach to knowledge gathering.
Within the disciplines of dance and somatics, for
example, awareness of one’s own body is central to
knowledge acquisition [1].
Researchers such as Thecla Schiphorst, Jin Moen, Lian
Loke, and Toni Roberts investigate the felt experience of
movement, turning to movement-centered disciplines to
inform their investigations. Using methods such as
experience modeling [10], Making Strange [9], and
Laban Movement Analysis [6], their work primarily
focuses on employing movement to inform the design of
technological artifacts that enhance user experience.
A considerable amount of research has now been
conducted investigating movement experience. These
studies, however, have not provided insight into how to
incorporate movement as a modality capable of sharing
or eliciting vicarious experience.

Research Context
My current research agenda is informed by a preliminary
investigation of user experience focused on the
aesthetics of movement, or somaesthetics. This study
utilized an augmented reality system capable of
transforming the perceptual experience of hand
movement to demonstrate the possibility of extending
interaction to include subjective kinesthetic experience
[8]. The system was later employed as the basis for an
interactive art installation entitled Taro(t)ception that
incorporates a user’s body directly into an embodied
narrative (Fig 1). Taro(t)ception demonstrated the ability
of technology to transform a user’s experience of
movement by disrupting the normal functional

relationship between visual perception and bodily
awareness [7,8].

In what ways can vicarious movement experience be
represented within computational interaction?

My present research expands the scope of these prior
investigations to focus on the explication of guiding
philosophies to inform the design of tangible and
ubiquitous computing systems that incorporate the felt
experience of movement. Specifically, this research
integrates constructivist inquiry, cooperative design, and
first-person methodologies from somatics and
performance. While components of the method come
from established methodologies, the integrative nature
of the design advocates epistemological and ontological
perspectives which may challenge traditional HCI values.

In what ways does the integration of vicarious
movement experience transform interaction?

Research Problem
In this study my research investigates how awareness of
the phenomenological experience of kinesthetic
movement can be incorporated into computational
interaction in order to facilitate the vicarious sharing of
somatic experience. Inclusion of movement experience
as a component of Human-Computer Interaction has the
potential to significantly increase the fidelity and quality
of communication and expand the range of user
experience. In order to meet my research objective I
address the following questions:

Figure 2. Intersection of
the three methodological
approaches: Fourth
Generation Evaluation,
Somatic Exploration, and
Cooperative Design.

What are the characteristics of somatic experience
(qualities and types of movements) that are relevant to
the design of technology for movement experience?
What are the primary components of awareness
(cognitive, emotional, and somatic) that contribute to
the experience of vicarious movement during
interaction?

Research Goals, Methods, and Contributions
This research combines three methodological approaches
that will be utilized collectively within a workshop
context. In the workshops, experts in movement from a
variety of disciplines will work together on the
development of a movement-based game. The goal of
the research is not to produce a marketable system, but
rather to explicate design philosophies to guide the
development of systems incorporating vicarious
movement experience. The methods include Fourth
Generation Inquiry, Somatic Exploration, and
Cooperative Design (Fig 2). Each of the methods was
chosen to correspond with a specific goal or objective.
Fourth Generation Evaluation, a constructivist
methodology proposed by Guba and Lincoln, will be used
to investigate the characteristics of somatic experience
and to develop constructs to guide the design stage of
the research. Experts in movement will collectively
explicate their tacit knowledge regarding the cognitive,
emotional, and somatic aspects of movement through
discussions of personal experience, as well as with the
assistance of first-person methods of inquiry in the form
of somatic explorations.
Somatic techniques, which emphasize body awareness,
provide an empirical method for investigating firstperson experience. These methods, based on direct
observation of the body, highlight the phenomenological
aspects of experience for the individual and can be used
to enhance awareness of movement.

Cooperative Design methods will be used to formulate
design principles to guide the development of
movement-based interactive systems. Through the use
of cooperative design techniques – including games,
improvisation, props, low-fidelity prototyping, and
technological exploration – participants will work towards
the development of an interactive game focused on
movement-awareness and experience sharing. These
exercises will help participants identify ways to represent
and communicate movement experience through
tangible and ubiquitous computing technology.
Workshops will be conducted in an iterative cycle until a
functional game prototype is completed (Fig 3). The
prototype developed by the participants will serve as an
exemplar of the design principles articulated within the
workshops and will be subjected to user testing to assess
their general applicability.
Upon completion of this study I will compile a set of
sensitizing concepts and propose guiding philosophies to
help practitioners frame design activities around
movement experience. The game prototype will function
as an artifact exemplifying the application of these
philosophies. My ongoing research agenda will continue
to explore ways to incorporate somatic awareness and
movement experience into human-computer interaction.
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Abstract

Figure 1. People, digital devices,
and non-digital physical objects in
a ubiquitous computing ecology.

An important challenge in ubiquitous computing (ubicomp) is to
create techniques that allow
people to seamlessly and naturally connect to and interact with
the increasing number of digital
devices. I propose to leverage
the knowledge of people’s and
devices’ spatial relationships –
called proxemics – in ubicomp
interaction design. I introduce
my work of proxemic interactions
that consider fine-grained information of proxemics to mediate people’s interactions
with digital devices, such as large digital surfaces or
portable personal devices. This research includes the
design of development tools for programmers creating
proxemic-aware systems, and the design and evaluation of such interactive ubicomp systems.
Copyright is held by the author/owner(s).
CHI 2011, May 7–12, 2011, Vancouver, BC, Canada.
ACM 978-1-4503-0268-5/11/05.

Proxemics, interaction, user interfaces, ubiquitous
computing, digital interactive surfaces, digital devices

ACM Classification Keywords
H.5.2 [Information interfaces and presentation]: User
Interfaces: Input devices and strategies.

General Terms
Human Factors, Design

Introduction and Motivation
In everyday life, the interpretation of spatial relationships between ourselves and other people or objects
around us is important for how we engage, interact,
and communicate. For example, researchers have investigated how we keep certain distances to others
depending on familiarity; how we orient towards people
when addressing them; how we move closer to objects
we are interested in; and how we stand or sit relative
to others depending on the task at hand (e.g., [1] [5]
[9]). Anthropologist Edward Hall [5] coined the term
proxemics for a theory of how people use distance,
posture, and orientation to mediate relations to other
people. Hall correlates physical distance with social distance (in a culturally dependent manner): intimate 618”, personal 1.5-4’, social 4-12’, and public 12->25’
distances. As the terms suggest, the distances lend
themselves to a progression of interactions ranging
from highly intimate to personal, social, and public [5].
Hall also describes people’s expectations of space,

including the role of the fixed (immobile) and semifixed (movable) features in their environment. Other
researchers added further concepts, such as models
describing optimal proxemic distances [10], or considering people’s relative orientation [9].

Figure 2. Five essential dimensions
for ubicomp systems to determine
proxemic relationships: distance,
orientation, movement, identity,
and location.

Now consider ubicomp systems in this context. In contrast to desktop computing, ubicomp technology is increasingly integrated into everyday objects and environments [13]. But in spite of the opportunities presented by people’s natural understanding of proxemics,
ubicomp devices are usually oblivious to their subtle
proxemic relationships. Most ubicomp devices – such as
those shown in Figure 1 – do not recognize the presence or approach of nearby people, objects, or other
devices; or the spatial relationships in between. This is
a lost opportunity, since the rules of proxemics would
serve as valuable form of input in these situations to
mediate people’s interaction with these novel computing interfaces. When considering the future proliferation of ubicomp systems accessible in people’s everyday life, it is crucial to find techniques that let people
seamlessly and naturally connect and interact with the
devices around them. Hall emphasized the role of proxemic relationships as a form of people’s implicit communication – and this is a form of communication that
ubicomp devices have yet to understand.

Planned Research Contributions
In my dissertation I address the research question of
how to apply proxemics to inform ubicomp interaction
design. I want to understand how ubicomp devices can
leverage fine grained knowledge of proxemic relationships to mediate people’s interactions in ubicomp ecologies. I understand such ubicomp ecologies as composed of the following entities (see Figure 1): large
interactive surfaces, information appliances, portable

personal devices, and non-digital physical objects. To
address this research question, I plan to provide the
following three inter-connected contributions:
(1) Framework of Proxemic Interactions: Adapting
and translating important proxemic theories to inform the design of ubicomp interaction. This includes identifying the essential proxemic dimensions for ubicomp interaction, and the design of
concepts for proxemic interaction considering these
dimensions. My goal is to formulate these in a conceptual framework of proxemic interactions in
ubicomp ecologies, describing the main design variables, functions of proxemics, and how they relate
to ubicomp interaction design.
(2) Developer tools: Designing and evaluating tools
that make these proxemic relationships accessible
to ubicomp system developers.
(3) Proxemic-aware ubicomp systems: Designing
and evaluating proxemic-aware devices and digital
surfaces that understand and interpret the language of proxemics, and react appropriately to
people, objects, and devices entering and moving
through the space around them. They will be built
using the developer tools (Obj. 2) and illustrate the
concepts of proxemic interactions (Obj. 1). The
evaluation of these systems and a derived set of
design guidelines will feed back into the conceptual
framework informing the design of future proxemic-aware interfaces.

Related Work of Proxemics in Ubicomp
A few fundamental projects of interactive systems –
usually within the area of ubicomp [13] – incorporate
spatial relationships of people and devices within interaction design. Some systems trigger activity by detecting the presence of a person within a space [12], or

react to a device within a given range [8]. While powerful, this is only a coarse measurement of proxemics as
it only considers distance as a binary value (i.e., in a
certain range or not). Other projects considered spatial
aware mobile devices interacting in close proximity of a
large digital surface. Notably, the Chameleon [4] and
M-Pad [8] palmtop computers are aware of their orientation and location to change displayed content.

Figure 3. Illustrating proxemic
interaction: a large interactive
surface reacts to a person’s
distance, orientation, and
approach relative to the display.

Researchers also considered vertical surfaces that react
to the spatial presence of people. Hello.Wall [7] introduced the notion of distance-dependent semantics,
where the distance of an individual from the wall defined the interactions offered and the kind of information shown. Vogel [11] took this concept further,
where they directly applied Hall’s theory to define four
proxemic zones of interaction. From far to close, these
ranged from ambient display, to implicit, subtle, and
finally personal interaction. A major idea in this work –
developed even further by Ju [6] – is that interaction
from afar is public and implicit, and becomes more private and explicit as people move towards the surface.

Research to Date

Figure 4. Mediating simultaneous
interaction of multiple people.

To address these research objectives, we began distilling important proxemic theories from the literature and
began translating these social theories to inform the
design of ubicomp systems. While many dimensions are
used by people to mediate their interpersonal proxemic
interactions, we identified five essential dimensions for
an ubicomp system to determine proxemic relationships: distance, orientation, movement, identity, and
location (Figure 2). We introduced concepts of proxemic
interaction that explain how to leverage measured relationships in these five dimensions to drive possible interactions [2].

These concepts of proxemic interactions are illustrated
through the design of an interactive vertical display
surface that recognizes the proximity of surrounding
people, digital devices, and non-digital objects. Here,
proxemic information can regulate both implicit and
explicit interaction techniques, either based on continuous movement, or by movement in and out of discrete
proxemic zones. For instance, a media player application shown on the large display implicitly reacts to the
approach and orientation of a person (sequence in Figure 3) and their personal devices by changing information displayed on the screen or triggering application
functions. Furthermore, explicit interaction (such as
pointing) is supported from varying distances to the
interactive display surface.
Proxemic interactions also consider aspects of the fixed
and semi-fixed feature environment; for instance, by
distinguishing a person sitting from another one standing in front of the screen at the same distance. The
simultaneous interaction of multiple people is mediated
by considering their precise spatial relationships to the
device. For instance, the system can allow simultaneous interaction on a split screen when people approach
from different directions (Fig. 4 left), or favor the person that is closest to the screen and that is physically
blocking the view of the second person (Fig. 4 right).

Further research
Framework of Proxemic Interaction. I currently translate
further proxemic theories to address interactions in
ubicomp ecologies; discuss the essential proxemic dimensions and their granularity/fidelity; and explain how
measurements of these dimensions can be leveraged in
novel interaction techniques for ubicomp systems.

Figure 5. Proxemics toolkit
visualization.

Proxemics Toolkit. Based on earlier collaborative work
on a sensing toolkit, I currently design the proxemics
toolkit that facilitates access to proxemic information of
tracked entities in small space ubicomp environments
(Figure 5). This toolkit provides easy access to finegrained information of people’s and devices’ distance,
orientation, movement, location, and identity; and the
relationships in between. The tracking is implemented
through a VICON motion capturing system
[www.vicon.com], but the toolkit is designed in a way
allowing other sources. The first version of the toolkit
will be further refined by evaluating programmer’s use
of the toolkit to build proxemic-aware applications.
Proxemic-aware systems. In a following step, I will design proxemic-aware systems using the proxemics
toolkit. In particular, I will apply proxemic knowledge
to mitigate existing interaction problems in ubicomp
ecologies, such as the difficulties of addressing a particular device, sharing information between devices,
and authorizing access to devices (e.g., summarized in
[3]). Here, proxemic information will be used to implicitly offer a person sharing and connection options between digital devices; implicitly establish and break up
connections; filter interaction possibilities; and authorize access to devices – all defined as a function of the
person’s or devices’ identity, location, distance, orientation, and movement in space.

Summary
With my dissertation research I will identify ways to
leverage the knowledge of proxemic relationships in
ubicomp ecologies to mediate interactions. This work
extends beyond earlier research by considering fine
grained measurements of proxemic relationships, and
by introducing novel interaction techniques leveraging
this information. The conceptual framework of proxemic

interaction and design guidelines will inform future designs of proxemic-aware interfaces that understand and
interpret people’s use of the space around them.
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Proxemic Interactions
In Ubiquitous Computing Ecologies
Nicolai Marquardt

nicolai.marquardt@ucalgary.ca

1 | Proxemics
Spatial relationships
play an important role in how
we communicate, interact,
and engage with other people
in everyday situations.
Proxemics is Edward Hall’s
theory of these interpersonal
spatial relationships.
In spite of the opportunities
presented by people’s
natural understanding of
proxemics, however, current
digital devices available in
ubicomp ecologies usually do
not recognize the presence
of nearby people, objects, or
other devices. This is a lost
opportunity.

2 | Proxemic Interactions in Ubicomp
My dissertation research of Proxemic Interactions will
leverage the knowledge of people’s and devices’ proxemic
relationships in ubicomp interaction design.
In particular, I want to explore how a system’s knowledge
of fine-grained proxemic relationships between people,
objects, and devices in a ubicomp ecology can help to
mediate people’s interaction with these novel interfaces.

3 | Dimensions
I operationalize proxemics
in ubicomp in a Framework of
Proxemic Interactions.
I identified five essential
dimensions to characterize
the interplay between entities
in ubicomp ecologies:
distance, orientation,
movement, identity, and
location. The concepts of
Proxemic Interaction then
consider these dimensions to
drive possible interactions.

Interactive
Surface

Person

Tablet

4 | Proximity Toolkit
Building proxemic-aware ubicomp
systems is a challenging task. To
facilitate the prototyping process,
I developed the Proximity Toolkit.
Through hiding most of the underlying
access to tracking hardware and complex
3D calculations, the toolkit lets
developers concentrate on the
actual design and exploration of
novel proxemic interaction.

5 | Designing Proxemic-Aware Systems
To further explore the concepts of Proxemic Interactions, I am
designing and developing proxemic-aware ubicomp
systems. The Proximity Toolkit facilitates this exploration and
prototyping process.
In particular, these systems illustrate proxemic interaction
techniques that: regulate people’s implicit and explicit
interaction with devices; trigger such interactions by
continuous movements or inside of discrete proxemic zones;
mediate simultaneous interaction of multiple people;
and interpret and exploit people’s directed attention to
other people and devices.

Paper, poster, and videos available at:

http://grouplab.cpsc.ucalgary.ca/projects
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Abstract
Taking advantage of the multitude of cameras now
available and capable of recording all aspects of our
lives, this work explores the notion of virtualizing a
physical place using cameras and sharing the resulting
model with others. This social sharing would create new
forms of relationship and common space discovery that
would enhance video chats and virtual visiting of
physical places. Furthermore, the research will consider
the possible interactive applications, from games to
augmented reality, which can take advantage of the
created spatial and temporal models.
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Design, Experimentation, Algorithms

Introduction
Cameras are everywhere; usually they serve a specific
purpose, which is well defined by where we can find
them. Camcorders are used to record memories, cell
phone cameras are usually to take pictures and videos
of spontaneous interesting moments, and webcams are
essentially used for video chat. With the rise of the new
interaction mechanisms in video consoles, cameras
start to appear in the living room and other unexpected
places. Would it be possible to use this visual
acquisition power to integrate services in interactive
applications where the user can share visual content to
the world seamlessly and effortlessly? Can a camera
record and acquire the room where we live and share it
to the world? Far from the fears of a Big Brother, it
would be possible for a person to show the new
decoration of his/her room, alter a model of the same
room, create augmented realities in virtual space or
time, and run applications and games that mix reality
with custom content.

What is proposed here is a framework to empower
users to capture their worlds and spaces, and use them
in a wide range of interactive applications. In the same
way as applications such as Google Street View capture
the outside world, here users can do the same indoors,
controlling and manipulating what is shown and shared
with others.

Background and Related Work
The use of cameras and the state-of-art of computer
vision and Simultaneous Localization and Mapping
(SLAM) algorithms are currently summarized in [4].
The use of a large collection of images to create a
coherent model relating the overlapping of each picture
was done in the Photo-tourism project [7]. Most of the
techniques used depend on photo-stitching, most of
them based on SIFT descriptor as in the panorama
construction algorithm described in [2]. Taking
advantage of these techniques several applications
have been made to produce interactive results that can
be manipulated by regular, untrained users. The project
presented in [8] allows the real-time creation of a full
panoramic scene from the cell phone. The PTAM project
[5] goes further and interprets the space where the
user is and creates augmented reality objects that
interact with real world elements in 3D. Another
important work is [6] where a panoramic image of
someone or an object is created, altered and the
alterations are reflected back in the original images and
videos that created the panoramic. In terms of
interface, [3] presents an application where the user
can directly manipulate the frames, not following their
natural sequence, but the desired direction of where
the user wants the objects to go. In [1] the notion of
rephotography is explored, where old photos can be

compared with recent photos using the same
techniques described above.

Extending Vision as an Input Method
The main research questions are related with the
creation of spatial and temporal models of a certain
physical place from images and videos and the ability
to provide an intelligible and interactive form of
manipulating and sharing this information. Specifically,
the addressed research topics are:


Data acquisition, image acquisition from webcams
or mobile devices, offline for additional processing
and in real-time for interaction [2,4,7].



How to create a virtual model of a specific room?
Using 3D reconstruction [7], panoramic scenes [2],
and/or specific features detection [5]?



How to add virtual content to the above model? One
option is using markerless augmented reality [8].



How to show [3] the model? How to share with
other users or social network.



What kind of interactions between users can arise
from the sharing of a model of the space. Will others
comment, modify or copy your space?

These are very diverse topics, that can be summed up
into the problem: how to live and interact in someone
else’s space without being physically there.

Virtualizing and Sharing Your Space
In order to address the proposed research statement,
several principles and development strategies must be
considered as presented next.

Space Acquisition
The data acquisition should be done using an available
camera, such as a webcam. The user would go into the
desired place and wave the camera around freely,
capturing images from all desired spots of the room
with some redundancy going back and forth. These
images can also be taken at different moments of the
day or even in different days in order to record a
temporal history of the place. Free camera moving
poses some problems and some restrictions [5] may
need to be applied, but for now the more general
problem will be considered. Here the main goal is to
acquire a large set of images to work with.
Data Processing
In order to create better exploratory models the raw
images should be processed to explore their relations
and homographies. Using photo-stitching techniques
[2] it is possible to pair each image with their similar
counterparts. Knowing this, a graph can be created
relating all the images spatially and temporally. Using
this graph the goal is to construct three models: (1)
image flow graph navigation, (2) partial 3D
reconstruction and (3) panoramic view. The (1) flow
model would allow browsing the space following the
graph; this means that the order in which the user sees
the images can be completely different from the order
of how they were taken. Using the camera movement,
namely translation, 3D characteristics (2) can be
obtained such as, object depth, plane surfaces,
detecting walls and floor and detecting the main lines
that compose a scene. Finally, a large panoramic view
(3) can be obtained by merging several images. These
panoramic images can be realistic or distorted in order
to accommodate weird points of view that the user may

wish to add. All these models, could be browsed
considering different temporal moments.
Interaction and Social Sharing
This is the main aspect that I will be concerned in my
research. Having a rich visual model is only as
important as the means to interact with it. With the
model captured and analyzed the user should be able
to undertake the following actions:


Add/Remove content. Remove unwanted parts and
add virtual objects or labels.



Play games in that space, taking advantage of
physical characteristics such as planes or surfaces.



Create multiple alternative versions of the space.



Share the content online for others to see.

In the same way, friends or other people that can
access the users’ model online can do the following:


Browse the users’ room. Check out the changes,
how it was and how it will be.



Virtual navigation of an interior space composed of
several places.



According to a permission system, it would be
possible to comment, add or remove content.



During an online video conversation, it would be
possible to view the users’ room even if the camera
was not pointing to it.

Play games in the other user room.
In current social systems users can share photos, maps
and comments. What is proposed here is the sharing of
a physical location in a virtual model. Common video
interaction is usually limited to where the camera is
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Figure 1. Prototype for creation of panoramic scene from a continuous video sequence using flow
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pointing; these methods would allow additional
interaction and discovery, adding playful elements.

Expected Contributions and Conclusions
The current ongoing research was essentially centered
on the system requirements, and studying and
developing the set of tools (as seen in Figure 1) that
support the final interactive applications scenarios
described.
The final goal of this project is to research the means
so that users can engage in space sharing and
interaction through social networks. The expected
contributions of this work are the development of a
framework that empowers the user to virtualize a
certain place and share it online. Additionally it would
be interesting to investigate the social implications of
instantly sharing intimate places. How would it affect
our privacy? Would it be just another level of
socialization complementing images and micro-blogs?
In summary, the contributions will focus on the
development of interactive methods for place
manipulation and study the implications of these social
interfaces.
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What is this?
Taking advantage of the multitude of cameras now available
and capable of recording all aspects of our lives, this work
explores the notion of virtualizing a physical place using
cameras and sharing the resulting model with others. This
social sharing would create new forms of relationship and
common space discovery that would enhance video chats
and virtual visiting of physical places. Furthermore, the
research will consider the possible interactive applications,
from games to augmented reality, which can take advantage
of the created spatial and temporal models.

Research topics:

Extending Vision as an Input Method

• How to show the model? How to share with other users or
social network.

The main research questions are related with the creation of
spatial and temporal models of a certain physical place from
images and videos and the ability to provide an intelligible
and interactive form of manipulating and sharing this
information.

http://img.di.fct.unl.pt/rpn

• Data acquisition, image acquisition from webcams or
mobile devices, offline for additional processing and in
real-time for interaction.
• How to create a virtual model of a specific room? Using 3D
reconstruction, panoramic scenes, and/or specific features
detection?
• How to add virtual content to the above model? Using
markerless augmented reality?

• What kind of interactions between users can arise from the
sharing of a model of the space. Will others comment,
modify or copy your space?
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Abstract
While many devices today increasingly have the ability
to predict human activities, it is still difficult to build
accurate personalized machine learning models. As
users today will become responsible for helping to train
their own models, we are interested in ways for
applications to request labeled data from their users in
a non-invasive way. This work focuses on opportunities
for intelligent systems to ask their users for help
through interactions over an extended period of time in
order to improve their machine learning models. We
focus on trading off the expected increase in accuracy
with the potential interruptions that the questions may
cause to improve the usability of such systems.

Keywords
experience sampling, asking for help, machine learning,
long-term interactions
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Research Situation
I am a fourth year PhD student studying computer
science at Carnegie Mellon University and am advised
by Anind Dey (HCI) and Manuela Veloso (Artificial
Intelligence/Robotics). I proposed my thesis in
November 2010 and plan to graduate 18 months later.
My thesis work focuses on the costs and benefits of
interrupting humans during mixed-initiative interactions
with intelligent systems that we use everyday such as
mobile phones and robots. In particular, I am
interested in opportunities for intelligent systems to
learn to improve their machine learning models by
asking for help from humans and, as a result, improve
the usability of applications that use these systems.

Motivation and Related Work
Mobile phones and other devices we use today
increasingly have the ability to predict human activities,
autonomously keep track of a variety of statistics, and
produce novel interaction techniques. HCI researchers
are increasingly using these devices and machine
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learning classifiers for a variety of purposes to improve
usability. However, they often need to be calibrated to
maximize the accuracy for each particular user to get
the full benefit from the applications. While some
machine learning techniques have been proposed to
implicitly collect and learn from users [3], this is often
hard to do in many domains without an understanding
of all possible contexts of use. Instead, users must
train their own machine learning classifiers by providing
labeled data to learn from (e.g., [8]).
Currently, there are two main ways to collect this data:
user-initiated and device-initiated. As compliance can
be difficult when users must enter their own data on
their own initiative, we will focus on device-initiated
experience sampling to collect data [7]. While much
work in both machine learning and HCI has offered
algorithms to determine when to ask for this training
data, they have focused on the timeliness of questions
to benefit the classifier accuracy without much regard
to the user's context or interruptibility [1][2].
Horvitz suggests that it is unlikely that users will accept
mixed-initiative systems including those that employ
these collection techniques, if the systems interrupt the
users inappropriately and ask possibly many questions
[5]. Instead, they should infer the ideal times to ask
users based on the uncertainties of the current machine
learning models and the context-dependent costs of
interruption to the user (e.g., [6]).
Because users use a single mobile phone over a long
period of time, there are opportunities to learn and
crease personalized models of the interruptibility of
users [4]. The model and its output can then be used
by other applications on the phone (or elsewhere) to

learn other classifiers in a usable way – allowing
applications to reason about the interruptiblity of the
user to determine when it is appropriate to ask for data
labels while also maximizing the potential accuracy of
the classifiers.

Statement of Thesis
My thesis contributes to the understanding of when it is
timely to request this training data for machine learning
as the user uses the device, based on both classifier
needs for accuracy and the interruptibility of the user.
In particular, this thesis will address the following
research questions towards building these models:
1)

2)
3)

4)

Are users willing to help teach their mobile devices
about their interruptibility and other classifiers
while using these devices?
Can we learn accurate models of interruptibility on
a mobile phone?
How can we combine user-dependent costs
associated with interruption along with the
expectations for accuracy to determine when to
query a user for labeled data?
How can we extend these models to other domains
– those that include multiple users or require other
context-dependent costs?

Research Goals and Methods
This thesis will contribute models of humans for uses in
intelligent systems, and algorithms to take into account
these models when determining when to ask for help.
Towards these goals, I will evaluate the work both
theoretically and empirically.
In order to model humans, we must understand the
theoretical constraints that humans have (here we
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consider interruptibility, accuracy, and patience) and
how those affect human responses to questions. We
know that availability and patience both limit the
number of questions a person might answer, but that
patience has to do with the number of times that the
device asked, while availability is the probability of the
device getting a response at all. Then, we can assign
costs to asking questions to account for patience and
probabilities for the availability of the user. This thesis
will not only theoretically model these values but also
calculate them empirically through user studies to
ensure that the models are grounded in reality.

questions with costs of misclassifying the phone state
to determine when to ask for users' phone mode
preferences over two weeks of training time. Then it
uses the learned model to actually change the phone
volume. We show that users are willing to answer the
applicationʼs questions over a prolonged period of time
in order to receive the benefits of the automatic
modification of the phoneʼs ring volume. Users were
satisfied with our phone volume application in terms of
its accuracy over two weeks of testing and were not as
annoyed by the questions compared to other asking
algorithms.

Then, using these models (both theoretical and
empirical), I will introduce algorithms for the device to
determine when to ask for help. These theoretical
algorithms will trade off the costs of asking with the
benefits of model accuracy or efficiency. Algorithms for
a single user will determine whether to ask at a
particular time, while algorithms for multiple users will
not only determine whether to ask but also who to ask
in order to minimize the expected costs. We will test
the algorithms empirically against other experience
sampling algorithms on real users participating in tasks
to show that the new algorithms can maintain or
increase accuracy or efficiency while increasing usability
by decreasing annoyance with the device.

I have also defined symbiotic relationships to model the
states, actions, and interactions of a mobile robot that
performs services for humans but also requires help
from them, and introduced the visitor companion task
as an example of the relationship in which a mobile
robot accompanies a single visitor to meetings. Here
the robot benefits the visitor by performing these tasks
and the visitor is asked for localization help so that the
robot can perform more efficiently. The mobile robot is
similar to the mobile phone in this task in that there is
a single user that the robot can learn from over longterm interactions. I have shown that visitors are willing
to help the robot in return for the robotʼs services.
While the robot did not need to learn the location
classification model from scratch, I have shown that,
with accurate localization help from users, the robot
can localize faster and more accurately and navigate
faster to its location compared to autonomous
navigation and localization.

Dissertation Status
I have already accomplished several steps towards my
overall thesis goal of devices that request help in a
usable way. I have recently developed a mobile phone
application that proactively learns users' interruption
preferences to autonomously determine whether the
phone should ring or be in silent mode. The underlying
algorithm trades user-defined costs of answering

In the future, I will extend my model of humans to
include multiple humans in three ways: modeling the
availability and locations of the humans in the

4

environment, including time so that the model can
delay asking if no one is available, and taking into
account patience of the users by keeping a history of
questions asked. I will incorporate the new human
model into my algorithm for balancing the costs of
interruption with the benefits of accuracy that I
demonstrated in the phone volume learning application.
In the robot domain, this will include decisions about
which person to ask for help and planning paths to
proactively navigate towards those people during the
robotʼs task. I will evaluate these new additions with a
long-term study of our robot in the environment to
show its effectiveness at employing the models and
algorithms to maintain high performance and perceived
usability. I expect this remaining work to take 14-18
months to complete.

Expected Contributions
This thesis will contribute principles for intelligent
devices to proactively request and receive help from
humans, while performing tasks of extended interaction
over time. This thesis will show that users are willing to
help intelligent systems in order to prove their
classification models. We will model humans in the
environment, in particular their interruptibility, time
and patience. We will then introduce new autonomous
algorithms that effectively use these models to balance
the costs of asking for help with the benefits of
improved accuracy. Future applications will be able to
use these models and algorithms to learn new
classifiers to improve task performance and maintain
usability while asking for help over time. With these
capabilities to learn accurate models in a usable way,
applications can be deployed more quickly and with less
training than is currently possible.

My thesis incorporates the knowledge of HCI in terms
of interruption and human modeling with the machine
learning needs to train accurate classifiers. At the
Doctoral Consortium, I expect to receive feedback on
my models of humans to ensure that they are grounded
in reality and accurately capture difficulties that we
have in creating accurate machine learning classifiers. I
can contribute my knowledge of both machine learning
and HCI to provide feedback about opportunities to
incorporate machine learning into participantsʼ research
and about recent work that might be relevant to
improve participantsʼ current models.
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Abstract
Pervasive games—games that expand into everyday
life—offer a potentially powerful method of promoting
social good by encouraging people to perform new,
positive actions. However, achieving some desired
social goals (such as environmental sustainability) may
also require people to stop performing undesirable
actions—a form of behavior change that contrasts with
common framings of pervasive game-play. I propose to
create "Negabehavior Games"—games that encourage
players to adopt "negabehaviors" (a manner of
conducting oneself that supplants undesirable actions).
This research offers a novel approach to designing
pervasive games and other interactive experiences, as
well as the potential to encourage people to live more
environmentally sustainable lives.
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Context and Motivation
Games and other interactive experiences are
increasingly being studied and used as tools for solving
significant societal problems. While a variety of digital
"serious games" [15] have been developed to support
training and education, pervasive games have the
potential to extend game capabilities to involve greater
numbers of people on a wider scale. A pervasive game
is "a game that has one more salient features that
expand the contractual magic circle of play socially,
spatially, or temporally" [12], meaning that the game
permeates the everyday physical and social worlds, not
just an agreed-upon limited context. For example,
alternate reality games (ARGs) often challenge players
to solve a mystery that is presented through everyday
websites, advertisements, and telephone numbers—
embedded in everyday life so that anything can be seen

Research Situation and
Dissertation Status
Joel Ross is a Ph.D. student in
Informatics at UC Irvine. He has
advanced to candidacy, and his
advisor has approved his dissertation
topic. As of this writing, he is still in
the early stages of developing
Negabehavior Games. His thesis
document is yet unwritten, though he
has drafted an introduction and
literature review in the form of his
proposal document.
He has created a framework for the
concept of a negabehavior,
positioning this concept within the
sustainability literature. He has also
begun designing a Negabehavior
Game for sustainability called
Ecopticon, and is beginning to
implement the core game narrative
and mechanics. In this game, players
act as secret agents, trying to "hide"
from one another by avoiding
unsustainable actions. This game has
not yet been tested, and thus there
are not yet any preliminary findings.
An initial iteration of the game will be
implemented and tested by the time
of the CHI conference. By attending
the Doctoral Consortium, he hopes to
gain further insight into new potential
methods for the implementation of
Negabehavior Games, as well as
feedback about design and evaluation
methodologies as he continues his
research over the following year; he
expects to complete his dissertation
by summer 2012.

as part of the game [10]. Such systems blur the
boundary between games and people's regular lives
(turning ordinary life into a game), so that playing a
game involves players changing their daily behavior
even outside of the gaming context. Indeed, pervasive
games act as an empowering and enabling framework,
potentially addressing issues of scale and motivation
[11] in encouraging behavioral change and societal
improvement.
In this way, pervasive games provide a method for
encouraging people to take action in order to improve
their lives and the lives of others. However, not all
societal problems require taking actions to address—
some also require people to stop taking particular
actions. For example, achieving environmental
sustainability (i.e., [3]) may require individuals to stop
performing environmentally impactful actions: thus
people are commonly instructed to drive less, use less
electricity, and otherwise reduce the amount of
resources they consume and waste they produce.
Avoiding environmentally impactful actions can be seen
as examples of adopting "negabehaviors". I define a
negabehavior as "a manner of conducting oneself that
supplants undesirable actions"—the behavior of not
performing specific, harmful actions (i.e., taking nonactions) by replacing that action with a different
manner of acting. Negabehaviors are a variation on the
idea of "negawatts" (energy saved through
conservation) and "negatechnologies" (removing and
replacing high-impact technologies) [8], and thus offer
a way to view environmental sustainability that focuses
on subtractive elements rather than additive ones—
what we can remove or stop in order to help the
environment, rather than what we should add.

However, performing negabehaviors by taking nonactions contrasts with how pervasive games have
commonly involved encouraging people to change their
everyday behavior (i.e., by performing a specific set of
new actions as part of an added gaming context).
Negabehaviors, on the other hand, involve persuading
people to change their normal behavior by not
performing a specific set of actions that they otherwise
would. This reframing of desired behavior may require
a shift in how pervasive games need to be considered
and designed. Thus I propose to explore in my
dissertation how pervasive games can be designed to
promote negabehaviors, and thereby can encourage
environmental sustainability through reducing
individual ecological impact.

Problem Statement
My research seeks to answer two main questions:


How can games and interactive experiences be
developed that encourage player non-actions
(negabehaviors), rather than player actions?



How can technological systems persuade and
support people in adopting negabehaviors as part of
their daily lives?

By addressing these questions, I aim to develop a novel
method for persuading a large number of people to live
environmentally sustainable lives.

Related Work
A wide variety of pervasive games have been
developed and explored in the fields of HCI and
Ubicomp (e.g., [2,16]). Such games often work to
create engaging interactive experiences, or to

demonstrate new ubiquitous interaction techniques.
Furthermore, an increasing number of games are being
developed that seek to motivate people to take positive
social actions, as well as to entertain them. Game
dynamics are used in exergames (e.g., [6]) to
encourage exercising, in sustainability games (e.g.,
[1]) to reduce power usage, and in recent ARGs (e.g.,
[17]) to invent solutions to large-scale social problems.
My research fits within these efforts to use gaming
contexts to encourage and promote behavior change,
though focuses on exploring how games can be used to
encourage people to not take undesirable actions.
Environmental sustainability is a growing concern and
subfield within the CHI community (see [4] for an
overview). In this framing, my research focuses on
developing persuasive technologies that can lead to
sustainability through design [9]. A number of
interactive systems have been developed that aim to
increase awareness of sustainability concerns, such as
helping users track their travel [5] or power usage [1].
My work seeks to build on these efforts, developing
games and interactive systems that can directly
encourage individual behavior change in addition to
increasing awareness (similar to [7]). In this way, my
research can play a part in the continuing development
of the field of sustainable HCI.

resulting analysis to implement games in which players
reduce their environmental impact by adopting
negabehaviors. The design of these games will
encourage players (and enable them to understand
how) to perform sustainable negabehaviors by
positioning them within a gaming context and offering a
compelling narrative around this structure. In creating
Negabehavior Games, I propose to explore and develop
new technical and social methods for validating the
performance of negabehaviors within a pervasive
gaming context. Thus my proposed dissertation
research can both further the science of ubiquitous
game design, as well as encourage environmental
sustainability on a broad scale.
I will evaluate these games' ability to promote behavior
change and environmentally preferable behaviors using
primarily quantitative measures. I will use ethnographic
and participatory design (after [14]) methods to
understand how the framing of negabehaviors affects
pervasive game-play, along with follow-up interviews to
determine whether such games encourage sustainable
behavior change. I will also use reported measures of
carbon emissions (such as a carbon footprint [13]) to
determine how these pervasive games influence
individual environmental impact. This evaluation will
help answer the question of how Negabehavior Games
can support environmental sustainability.

Research Goals and Methods
My research will seek to answer these questions
through the design, implementation, and evaluation of
"Negabehavior Games"—pervasive games that involve
players performing negabehaviors. I propose to develop
a theoretical framework for negabehaviors and the
design of such games. I will apply this framework to
the topic of environmental sustainability, using the

Expected Contributions
This research explores a novel form of pervasive game
design, and how that form may be used to encourage
groups of people to adopt environmentally sustainable
behaviors. While most pervasive games require players
to perform new or unusual (unexpected) actions as part
of the game, Negabehavior Games require players to

not perform a specific action, demonstrating how
pervasive games can include this novel form of
gameplay. Indeed, my research will make a significant
contribution to the fields of pervasive game design and
serious games, as other researchers and developers will
be able to use the presented methods to better teach
and persuade forms of behavior change that involve
stopping undesirable actions (for domains such as
personal health or environmental sustainability).
Furthermore, Negabehavior Games can have a
significant impact by encouraging players to adopt
environmentally sustainable behaviors. As players
adopt new ways of living by playing these games and
thus reduce their environmental impact, they will also
affect the lives of everyone in their communities by
contributing towards a greener and healthier planet. In
this way, my research offers a novel and significant
contribution both to the research community and to
society as a whole.

References
[1] Bang, M., Gustafsson, A., and Katzeff, C. Promoting
New Patterns in Household Energy Consumption with
Pervasive Learning Games. In Persuasive Technology.
2007, 55-63.

Acknowledgments
Thanks to the Social Code Group.
Research supported by NSF Grant
IIS-0644415, a Sloan Research
Fellowship, the Donald Bren School
of Information and Computer
Sciences, and the California
Institute for Telecommunications
and Information Technology
(Calit2).

[2] Barkhuus, L., Chalmers, M., Tennent, P., et al.
Picking Pockets on the Lawn: The Development of
Tactics and Strategies in a Mobile Game. In UbiComp
2005. 2005, 358-374.

supporting green transportation habits. Proc. CHI 2009,
ACM (2009), 1043-1052.
[6] Fujiki, Y., Kazakos, K., Puri, C., Buddharaju, P.,
Pavlidis, I., and Levine, J. NEAT-o-Games: blending
physical activity and fun in the daily routine. Comput.
Entertain. 6, 2 (2008), 1-22.
[7] He, H.A., Greenberg, S., and Huang, E.M. One size
does not fit all: applying the transtheoretical model to
energy feedback technology design. Proc. CHI 2010,
ACM (2010), 927-936.
[8] Lovins, A. Some Missing Elements of Sustainable
Development. 2003. http://www.rmi.org/rmi/Library/
S03-12_MissingElementsSustainableDevelopment.
[9] Mankoff, J.C., Blevis, E., Borning, A., et al.
Environmental sustainability and interaction. CHI '07
extended abstracts, ACM (2007), 2121-2124.
[10] Martin, A., Thompson, B., and Chatfield, T. IGDA
Alternate Reality Games White Paper. 2006.
[11] McGonigal, J. SuperGaming: Ubiquitous play and
performance for massively scaled community. Modern
Drama 48, 3 (2005), 471.
[12] Montola, M., Stenros, J., and Waern, A. Pervasive
Games: Theory and Design. Morgan Kaufmann, 2009.
[13] Ross, J., Shantharam, N., and Tomlinson, B.
Collaborative filtering and carbon footprint calculation.
ISSST 2010, (2010), 1-6.
[14] Salen, K. and Zimmerman, E. Rules of play: Game
design fundamentals. MIT Press, 2003.

[3] Brundtland, G.H. and Khalid, M. Our common
future. (1987).

[15] Sawyer, B. and Smith, P. Serious games taxonomy.
Presentation at The Serious Games Summit at the
Game Developers Conference 2008, (2008).

[4] DiSalvo, C., Sengers, P., and Brynjarsdóttir, H.
Mapping the landscape of sustainable HCI. Proc. CHI
2010, ACM (2010), 1975-1984.

[16] Waern, A., Montola, M., and Stenros, J. The threesixty illusion: designing for immersion in pervasive
games. Proc. CHI 2009, ACM (2009), 1549-1558.

[5] Froehlich, J., Dillahunt, T., Klasnja, P., et al.
UbiGreen: investigating a mobile tool for tracking and

[17] World Bank Institute. EVOKE. 2010.
http://www.urgentevoke.com.

Social	
  Thwar3ng	
  Games	
  for	
  Persuading	
  Behavior	
  Reduc3on	
  
Joel	
  Ross	
  

Informa.cs	
  Department,	
  UC	
  Irvine	
  
jwross@uci.edu	
  

1.	
  Context	
  and	
  Mo3va3on	
  

4.	
  User	
  Studies	
  of	
  Exis3ng	
  Games	
  

Games	
  and	
  other	
  interac.ve	
  experiences	
  can	
  be	
  used	
  as	
  tools	
  for	
  solving	
  signiﬁcant	
  
societal	
  problems.	
  "Serious	
  games"	
  and	
  "games	
  for	
  change"	
  are	
  not	
  only	
  fun	
  to	
  play,	
  
but	
  also	
  provide	
  some	
  other	
  value	
  to	
  society	
  (such	
  as	
  educa.on,	
  health	
  care,	
  or	
  
scien.ﬁc	
  explora.on)	
  and	
  demonstrate	
  how	
  games	
  can	
  promote	
  pro-‐social	
  behavior	
  
change.	
  

In	
  the	
  ﬁrst	
  stage	
  of	
  my	
  disserta.on	
  research,	
  I	
  am	
  studying	
  how	
  players	
  use	
  social	
  
thwar.ng	
  dynamics	
  in	
  current	
  games	
  with	
  strong	
  thwar.ng	
  elements.	
  Thus	
  I	
  am	
  
exploring	
  the	
  play	
  of	
  digital	
  games	
  such	
  as	
  Starcra&	
  2,	
  Assassin's	
  Creed:	
  Brotherhood,	
  
and	
  Mario	
  Kart,	
  as	
  well	
  as	
  of	
  non-‐digital	
  games	
  such	
  as	
  Se7lers	
  of	
  Catan,	
  Diplomacy,	
  
and	
  Catchphrase.	
  

However,	
  achieving	
  some	
  desired	
  social	
  goals,	
  such	
  as	
  environmental	
  sustainability,	
  
may	
  also	
  require	
  promo.ng	
  behavior	
  reduc3on.	
  People	
  need	
  to	
  stop	
  performing	
  
undesirable	
  ac.ons	
  in	
  addi.on	
  to	
  adop.ng	
  new	
  posi.ve	
  behaviors.	
  	
  

Qualita3vely	
  study	
  game	
  thwar3ng	
  in	
  prac3ce	
  

My	
  disserta.on	
  studies	
  the	
  social	
  dynamics	
  that	
  can	
  enable	
  the	
  development	
  of	
  
games	
  that	
  encourage	
  behavior	
  reduc.on—par.cularly	
  pervasive	
  games	
  that	
  
integrate	
  with	
  the	
  real	
  world	
  and	
  can	
  directly	
  inﬂuence	
  player	
  ac.ons	
  and	
  behaviors.	
  
I	
  am	
  examining	
  current	
  forms	
  of	
  social	
  game-‐play	
  (speciﬁcally	
  "thwar3ng"	
  dynamics)	
  
that	
  may	
  be	
  suitable	
  for	
  promo.ng	
  behavior	
  reduc.on,	
  and	
  exploring	
  how	
  these	
  
forms	
  may	
  be	
  used	
  in	
  the	
  development	
  of	
  novel	
  pervasive	
  games	
  for	
  persuading	
  pro-‐
social	
  behavior	
  change.	
  	
  

I	
  am	
  studying	
  these	
  social	
  game	
  dynamics	
  by	
  performing	
  qualita.ve	
  user	
  studies	
  of	
  
play	
  prac.ces.	
  Based	
  on	
  methods	
  in	
  previous	
  work	
  on	
  social	
  gaming	
  prac.ces,	
  I	
  am	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  observing	
  gamers	
  playing	
  established	
  games	
  with	
  strong	
  thwar.ng	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  elements	
  and	
  interviewing	
  them	
  about	
  their	
  experiences	
  with	
  these	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  elements.	
  By	
  using	
  a	
  Grounded	
  Theore.cal	
  approach	
  to	
  analyze	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  thwar.ng	
  behaviors,	
  I	
  will	
  develop	
  a	
  formal	
  theore.cal	
  framework	
  for	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  how	
  players	
  interact	
  with	
  game	
  paTerns	
  (and	
  social	
  environments)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  that	
  restrict	
  players'	
  moves	
  and	
  ac.ons.	
  Such	
  a	
  framework	
  will	
  help	
  us	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  understand	
  how	
  thwar.ng	
  as	
  a	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  social	
  dynamic	
  plays	
  out	
  in	
  prac-‐	
  
.ce,	
  and	
  how	
  it	
  may	
  be	
  harnessed	
  in	
  games	
  for	
  	
  
behavior	
  reduc.on.	
  	
  

2.	
  Social	
  Thwar3ng	
  in	
  Games	
  
Thwar3ng	
  is	
  blocking	
  other	
  players	
  

Thwar.ng	
  is	
  the	
  behavior	
  of	
  a	
  player	
  purposefully	
  blocking	
  their	
  opponent's	
  possible	
  
moves,	
  frustra.ng	
  their	
  current	
  plans,	
  or	
  otherwise	
  crea.ng	
  obstacles	
  or	
  challenges	
  
for	
  other	
  players	
  to	
  overcome.	
  	
  

Thwar3ng	
  is	
  a	
  common	
  dynamic	
  

Social	
  thwar.ng	
  is	
  a	
  game	
  dynamic	
  that	
  can	
  be	
  found	
  in	
  almost	
  all	
  compe..ve	
  mul.-‐
player	
  games.	
  Thwar.ng	
  behavior	
  may	
  be	
  part	
  of	
  careful	
  strategic	
  play:	
  threatening	
  
squares	
  to	
  control	
  possible	
  moves	
  in	
  Chess;	
  blocking	
  roads	
  or	
  moving	
  the	
  bandit	
  in	
  
Se7lers	
  of	
  Catan;	
  or	
  dropping	
  shells	
  for	
  opponents	
  to	
  hit	
  in	
  Mario	
  	
  
Kart.	
  Thwar.ng	
  behavior	
  may	
  also	
  be	
  part	
  of	
  a	
  hierarchy-‐asser.ng	
  	
  
challenge	
  (i.e.,	
  "but	
  can	
  you	
  do	
  this?"):	
  challenging	
  throws	
  in	
  the	
  	
  
basketball	
  variant	
  HORSE;	
  .me-‐trial	
  and	
  "high	
  score"	
  challenges	
  in	
  	
  
Racing	
  games;	
  or	
  player-‐created	
  challenge	
  levels	
  in	
  Li7le	
  Big	
  Planet	
  
or	
  Super	
  Mario.	
  

Thwar3ng	
  is	
  fun!	
  

Social	
  thwar.ng	
  dynamics	
  are	
  a	
  highly	
  engaging	
  and	
  fun	
  component	
  of	
  many	
  board	
  
games	
  and	
  video	
  games,	
  producing	
  memorable	
  and	
  emo.onally	
  charged	
  game-‐play	
  
events.	
  They	
  also	
  represent	
  a	
  way	
  in	
  which	
  individuals	
  are	
  able	
  to	
  eﬀec.vely	
  
inﬂuence	
  and	
  limit	
  the	
  ac.ons	
  of	
  others	
  within	
  a	
  gaming	
  environment.	
  

Thwar3ng	
  through	
  crea3ng	
  hurdles	
  

Players	
  can	
  prac.ce	
  thwar.ng	
  by	
  crea.ng	
  "behavioral	
  hurdles"	
  for	
  other	
  players	
  to	
  
overcome.	
  A	
  behavioral	
  hurdle	
  is	
  an	
  ac.on	
  or	
  behavior	
  that	
  a	
  player	
  needs	
  to	
  avoid	
  
performing	
  while	
  achieving	
  some	
  goal.	
  For	
  example,	
  players	
  try	
  to	
  communicate	
  a	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  word	
  without	
  speaking	
  in	
  Charades	
  (or	
  without	
  using	
  the	
  word	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  in	
  Catchphrase	
  or	
  the	
  ESP	
  Game),	
  or	
  try	
  to	
  kill	
  an	
  enemy	
  with-‐	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  out	
  being	
  seen	
  in	
  a	
  stealth-‐based	
  video	
  game	
  like	
  Assassin's	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Creed:	
  Brotherhood.	
  By	
  using	
  behavioral	
  hurdles	
  as	
  a	
  thwart-‐	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ing	
  mechanic,	
  a	
  pervasive	
  game	
  can	
  encourage	
  players	
  to	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  avoid	
  certain	
  ac.ons	
  and	
  achieve	
  behavior	
  reduc.on.	
  

3.	
  Research	
  Goals	
  
I	
  propose	
  to	
  study	
  the	
  game	
  dynamics	
  of	
  social	
  thwar.ng	
  and	
  behavioral	
  hurdles	
  as	
  
they	
  exist	
  in	
  prac.ce,	
  developing	
  a	
  formal	
  understanding	
  of	
  these	
  components	
  for	
  
use	
  in	
  crea.ng	
  novel	
  pervasive	
  games	
  for	
  behavior	
  reduc.on	
  and	
  their	
  suppor.ng	
  
technology.	
  My	
  disserta.on	
  aims	
  to	
  answer	
  the	
  following	
  research	
  ques.ons:	
  
	
  	
  	
  	
  	
  1.	
  What	
  are	
  the	
  characterisKcs	
  of	
  social	
  thwarKng	
  games	
  (and	
  games	
  with	
  
behavioral	
  hurdles)	
  that	
  make	
  them	
  engaging	
  and	
  fun	
  to	
  play,	
  thus	
  demonstraKng	
  
social	
  inﬂuence?	
  	
  
	
  	
  	
  	
  	
  2.	
  In	
  what	
  ways	
  do	
  players	
  pracKce	
  and	
  negoKate	
  the	
  use	
  of	
  social	
  thwarKng	
  
strategies	
  in	
  digital	
  and	
  non-‐digital	
  gaming	
  environments?	
  
	
  	
  	
  	
  	
  3.	
  What	
  aspects	
  of	
  pervasive	
  thwarKng	
  games	
  can	
  be	
  supported	
  by	
  technological	
  
systems?	
  	
  
	
  	
  	
  	
  	
  4.	
  What	
  characterisKcs	
  of	
  pervasive	
  thwarKng	
  games	
  are	
  best	
  suited	
  to	
  
inﬂuencing	
  behavior	
  reducKon?	
  	
  

Images	
  from:	
  	
  
hTp://www.youtube.com/watch?v=r86NLwCYXd	
  
hTp://www.boardgamegeek.com/image/71340/catch-‐phrase	
  
hTp://www.sc2sea.com/showthread.php?t=769	
  
hTp://www.g4tv.com/	
  
hTp://www.pervasive-‐gaming.org/index.php	
  

5.	
  Pervasive	
  Thwar3ng	
  Game	
  
In	
  the	
  second	
  stage	
  of	
  my	
  disserta.on	
  research,	
  I	
  will	
  use	
  the	
  developed	
  framework	
  
for	
  thwar.ng	
  behaviors	
  in	
  designing	
  and	
  deploying	
  a	
  prototype	
  pervasive	
  game	
  for	
  
encouraging	
  individual	
  behavior	
  reduc.on.	
  In	
  par.cular,	
  this	
  game	
  will	
  target	
  
behavior	
  reduc.on	
  the	
  domain	
  of	
  environmental	
  sustainability	
  by	
  aiming	
  to	
  reduce	
  
the	
  amount	
  that	
  people	
  drive.	
  

A	
  pervasive	
  game	
  adds	
  hurdles	
  to	
  everyday	
  life	
  

This	
  pervasive	
  game	
  will	
  implement	
  behavioral	
  hurdles	
  in	
  the	
  context	
  of	
  players'	
  
everyday	
  lives,	
  requiring	
  them	
  to	
  avoid	
  performing	
  certain	
  daily	
  ac.ons.	
  For	
  example,	
  
the	
  game	
  could	
  posi.on	
  driving	
  as	
  a	
  behavioral	
  hurdle,	
  challenging	
  players	
  to	
  not	
  
drive	
  (and	
  instead	
  walk	
  or	
  take	
  public	
  transit)	
  during	
  the	
  process	
  of	
  going	
  to	
  the	
  store	
  
or	
  achieving	
  some	
  other	
  goal.	
  By	
  overcoming	
  such	
  hurdles	
  and	
  not	
  performing	
  the	
  
proscribed	
  ac.on,	
  players	
  eﬀec.vely	
  engage	
  in	
  behavior	
  reduc.on.	
  

Players	
  pervasively	
  thwart	
  each	
  other	
  

The	
  pervasive	
  game	
  can	
  harness	
  engaging	
  thwar.ng	
  dynamics	
  by	
  having	
  players	
  
create	
  these	
  behavioral	
  hurdles	
  for	
  one	
  another	
  as	
  challenges	
  to	
  overcome.	
  If	
  Alice	
  
announced	
  that	
  she	
  was	
  going	
  to	
  the	
  store,	
  Bob	
  might	
  chall-‐	
  
enge	
  her	
  to	
  get	
  there	
  without	
  driving.	
  In	
  this	
  way,	
  thwar.ng	
  	
  
dynamics	
  can	
  be	
  used	
  to	
  socially	
  engage	
  players	
  in	
  trying	
  to	
  	
  
avoid	
  performing	
  a	
  behavior	
  during	
  their	
  daily	
  lives.	
  	
  

6.	
  Contribu3ons	
  
This	
  disserta.on	
  will	
  make	
  the	
  following	
  contribu.ons:	
  
	
  	
  	
  	
  	
  1.	
  A	
  theoreKcal	
  framework	
  for	
  understanding	
  the	
  performance	
  and	
  eﬀects	
  of	
  
social	
  thwarKng	
  behavior	
  in	
  digital	
  and	
  non-‐digital	
  games.	
  
	
  	
  	
  	
  	
  2.	
  A	
  technical	
  framework	
  for	
  using	
  social	
  thwarKng	
  dynamics	
  to	
  develop	
  pervasive	
  
games	
  for	
  behavior	
  reducKon,	
  with	
  an	
  implemented	
  demonstraKon	
  of	
  that	
  
framework.	
  

Supports	
  game	
  studies,	
  games	
  for	
  change,	
  and	
  HCI	
  	
  

My	
  disserta.on	
  will	
  contribute	
  to	
  the	
  ﬁelds	
  of	
  game	
  studies,	
  games	
  for	
  change,	
  and	
  
HCI.	
  This	
  work	
  oﬀers	
  of	
  a	
  novel	
  explora.on	
  of	
  a	
  form	
  of	
  game-‐play	
  that	
  is	
  prac.ced	
  
by	
  social	
  gaming	
  groups,	
  and	
  how	
  those	
  prac.ces	
  may	
  be	
  inﬂuenced	
  by	
  the	
  
technology	
  in	
  digital	
  games	
  and	
  environments.	
  An	
  understanding	
  of	
  these	
  prac.ces	
  
can	
  contribute	
  to	
  how	
  researchers	
  view	
  the	
  interac.on	
  between	
  human	
  behavior	
  
and	
  games	
  as	
  rules-‐based	
  technological	
  processes.	
  This	
  research	
  will	
  also	
  contribute	
  
to	
  game	
  development	
  by	
  providing	
  a	
  technical	
  framework	
  for	
  the	
  design	
  of	
  games	
  for	
  
change	
  that	
  support	
  behavior	
  reduc.on—a	
  dis.nct	
  form	
  of	
  behavior	
  change	
  that	
  
may	
  be	
  more	
  suitable	
  to	
  some	
  pro-‐social	
  goals,	
  such	
  as	
  environmental	
  sustainability.	
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Abstract

General Terms

Computer mediated communication tools have
multiplied the possibilities to stay in touch and interact
with the people in our social network. The dynamics of
use for these tools suggest changes in the context of
self-disclosure. Although research has explored online
self-disclosure of students (who are expressing large
breaches in previous norms of privacy regulation),
much less attention has been paid to disclosure
behavior of older, and particularly experienced users. A
mixed-method approach will be used to explore
different aspects of this complex phenomenon,
including a survey, interviews and experience sampling.
Results of this project should reveal the most salient
drivers for online Self-Disclosure for this group.

Online Communication, Privacy, Intimacy
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Background and Motivation
Privacy plays a central role in our society, and an
important aspect of privacy management is being able
to control access to information about the self. Selfdisclosure is the act of sharing this information [1], and
plays a critical role in the development and sustenance
of interpersonal relationships: As a relationship
develops, intimate disclosures increase [2]; at the
same time, disclosures will create expectations of
reciprocity [3]. Research on self-disclosure has found
that the act of sharing intimate information about the
self has a healing effect, both in terms of
psychotherapy [4] and in people with a broader variety
of ailments [5]. Self-disclosure is a complex
phenomenon and is largely contextual [6], as the same
information will have different intimacy weight in
different contexts.

2

Country

People

People (%)

USA

617

57.08

Chile

246

22.76

Argentina

23

2.13

Canada

22

2.04

Mexico

21

1.94

Australia

15

1.39

India

15

1.39

Colombia

11

1.02

China

10

0.93

Brazil

9

0.83

Table 1: Ten largest countries of
origin on sample.
Years
People

Use

(%)

(SD)

Tools

People

Email

1,087

100

(3.896)

IM

884

81

(4.020)

Blogs

448

41

(3.391)

924

85

(1.286)

14.521
11.093
5.703
Facebook

3.979
2.532

Twitter

678

62

Table 2: CMC tool usage

(1.073)

Computer-mediated communication (CMC) tools are
used everyday to support work and sustain
relationships [7]. These tools can support high levels of
self-disclosure [8]. Social media are creating changes in
(privacy) boundary establishing processes [9], and
introduce a new phenomenon described as non-directed
self-disclosure [10]. The dynamics of privacy and selfdisclosure have caught the attention of several HCI
researchers as well as the CHI community through the
years [11; 12]. However, most of the research on selfdisclosure over CMC has focused on localized
populations and students, and many times on
communication between strangers. This work, on the
other hand, focuses on an international population of
professionals; experienced users particularly.
The focus on experienced users is based on the idea
that our adjustment to new media is only apparent
once the media has become trivial. Novice users are
experimenting with these new tools, students are going
through important life transitions; thus, professional
adults who are particularly experienced with these tools
are more likely to use them in a stable manner.

Research Problem

interaction with our computers. Previous research has
shown that computer interfaces can yield more
disclosure from people [13], and that people tend to
treat media as social actors [14]. This is one of the
lines of inquiry that I would like to explore further. The
results of this research should determine the most
important factors in this mix.
A better understanding of this problem will allow us to
advance our comprehension of the dynamics of
information sharing and boundaries of privacy on social
media, it will also inform the design of newer tools that
better adapt to these needs for information sharing.

Research Goals and Methods
The goal of this research project is to gain a better
understanding of the critical factors that influence selfdisclosure on social media. The research project attacks
this problem through a mixed-methods approach
consisting of three studies:
Study 1: Survey “Mapping self-disclosure over social
media”.

The focus of this research is to further understand
which factors are leading experienced CMC users to
share intimate information in public spaces.

The first study for this project involved a large survey
where self-disclosure was measured in the context of
four communication scenarios that involve different
levels of intimacy, across five communication tools.

These factors encompass psychological and cultural
variables, including the therapeutic effect of selfdisclosure and reciprocation of disclosure by peers. Yet
there also seems to be a component in the technology
interface - or its context of use - that is leading people
to broadcast private information over social media,
potentially a sense of intimacy and privacy in

Sample. A non-random sample was recruited through
email lists, blogs and online social networks. A total of
1274 people responded to the survey, and 1092
responses were considered complete for the analysis.
This sample includes people from 53 different countries
(Table 1). Ages ranged from 16 to 69 years (M=33.56,
SD=10.85), 60% of the sample is composed of women,
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and 45% of participants work in a field related to
information systems. They are experienced users of
computer mediated communication tools (Table 2).
Measures. Online Self-Disclosure (OSD) was measured
across five CMC tools (email, IM, blogs, Facebook and
Twitter) for four scenarios:
Figure 1: Mean intimacy for
scenarios, SD in bars.

Figure 2: Mean intimacy for
tools, SD in bars.

Figure 3: Mean OSD for
scenarios, by tool.

Figure 4: Mean OSD for tools, by
scenario.

1)

Mood, “You're having a very bad day”.

2)

Family, “You've just had a conflict with
someone in your close family.”

3)

Politics, “You have just heard some political
news that make you upset.”

4)

Health, “You just got very bad news from your
doctor.”

Each scenario is presented above a matrix of the CMC
tools and a six point Likert scale: “How likely are you to
share your feelings about this via (tools)”. Independent
variables included tool intimacy, scenario intimacy,
audience types, closeness to audience types, tool
experience (in years), frequency of tool use, and tool
expertise. Controls included sex, age, country,
education, work experience and psychometric scales for
self-disclosiveness and self-consciousness.
Analysis and first results. The first pass at analyzing
this data has been a series of Kruskall-Wallis and Oneway Anova tests. Results for both sets are comparable,
and show significant differences between OSD for the
different tools, as well as for the scenarios: Intimate
scenarios are being shared only on intimate tools, and
less intimate scenarios are shared on a wider variety of
media (Figure 3). Email and IM are considered intimate
tools, while blogs, Facebook and Twitter are less
intimate (Figure 2). Twitter is regarded as the most

public of these tools by a significant difference, and IM
is the most intimate. The only non-significant difference
is between blogs and Facebook. The “Family” and
“Health” scenarios were rated as the highest intimacy
levels (Figure 1). Next steps in analyzing this data
include regression analysis to explore how the other
variables are related with OSD and Tool intimacy. Given
the international sample, I will also explore for cultural
differences between countries. A final analysis will
incorporate some factors in the current dataset related
to perceived audience for tools, and the social distance
with these audience types.
Study 2: Interviews “Discussing contexts and
motivations for self-disclosure on social media”
A second study will involve interviews where
motivations and context for this behavior can be
explored in depth. I plan to ask participants to go over
their history with some of these tools and describe the
context of messages that can be rated as disclosure.
Participants will be asked whom they were expecting to
read such messages, what motivations led them to post
such information, how they feel about the technology
they were using at the moment, how they felt about
sharing that information at the time, and how they feel
about it in retrospect.
Study 3: ESM “Online self-disclosure in context”
Finally, the results from these two studies will inform
the creation of an experience sampling method (ESM)
study that can more precisely incorporate the context
of communication across multiple tools in a natural
setting, including nuanced elements such as context
variations for time of the day and day of the week.
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After each prompt, participants will trace their latest
CMC communication message, and respond to the
questionnaire to explain its context. Some questions
that I foresee in this questionnaire include: Location,
social context, emotional state before and after sending
the message, the message topic, message description,
message intimacy rating, channel used, and intended
audience.

Expected Contributions
The results from this research project will allow the
community to better understand the key factors that
are regulating self-disclosure in social media. This
understanding might also prove useful for the design of
the next generation of these tools.
The CHI Doctoral Consortium would be an invaluable
opportunity to get feedback on my rough plans for
upcoming studies in order to shape these better, as
well as getting a sense of the interest from the
community in my work.
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Self-disclosure in Social Media
Research Problem

Presentation
This project explores how and why adults with experience with
Computer-Mediated Communication (CMC) tools are getting used to
sharing private infomation in online spaces that are open to the public.
While in terms of interpersonal communication, choosing an appropriate
conversational partner is fundamental for self-disclosure; in social media
we find people are sharing private information to an uncertain audience.
The project will study patterns of behavior and attitudes, as well as motivations and forces driving this activity, in hopes of creating an integrative
model to explain the issue.

Computer mediated communication tools have multiplied the possibilities to
stay in touch and interact with the people in our social network. The dynamics
of use for these tools suggest changes in the context of self-disclosure. A
mixed-method approach will be used to explore different aspects of this complex phenomenon, including a survey, interviews and experience sampling. Results of this project should reveal the most salient drivers for online selfdisclosure for this group.

Experienced adults - including early adopters of social
media - are publishing private information in public
online spaces

Prior research has explored online self-disclosure of students (who are expressing large breaches in previous norms of privacy regulation), however,
much less attention has been paid to disclosure behavior of older, and particularly experienced, people. The focus on experienced users for this project is based on the idea that our adjustment to new media is only apparent
once the media has become trivial. Novice users are experimenting with
these new tools, adittionally, students are going through important life transitions; thus, professional adults who are particularly experienced with these
tools are more likely to use them in a stable manner.

Research Questions
Are there differences in intimacy for different
computer-mediated communication tools?
Does this reflect on our communication behavior?
What drives people’s online self-disclosure?
Does design have a role on this?
Can we influence this behavior with our designs?

Future Work
The initial survey presented as Study 1 presents us an initial image of how CMC tools are
seen differently in terms of the intimacy they afford given a range of topic, and how this
is reflected in their online self-disclosure. This poster presents the analysis available at the
time of CHI 2011 deadlines. Complete analysis of this data set will reveal relationships
between online self-disclosure and demographic and usage data.
Upcoming studies will focus on why these people are sharing personal stories and comments in open spaces:

Study 1: Survey

Results

We have a variety of tools for staying in touch with other people online.
- Do different CMC tools afford different levels of intimacy?
- How does tool intimacy relate to our self-disclosure?
A large-scale international survey was conducted to compare perceptions of tool intimacy on email, IM, blogs, Facebook and Twitter
among adults. Online self-disclosure was measured for these tools
given four communication scenarios that varied on intimacy levels.
This poster presents a subset of the survey’s questions and results.

Sample

Participants were recruited trough email lists, and the researcher’s network via CMC tools, the survey was open for two weeks in October 2010
as an online survey. A drawing for two $100 Amazon Gift Cards was used
as incentive. This snowball sampling targeted adults with considerable experience in CMC tools and information systems in general.

Total N=1274

Both tools and scenarios were rated with significantly different levels of
intimacy (Tools: F=348.89, df=4,2903, p < .0001 / Scenarios: F=2093.95,
df 3,3245, p < .0001). Email and IM are considered intimate tools, while
blogs, Facebook and Twitter are less intimate (Figure 4). Twitter is regarded as the most public of these tools by a significant difference, and
IM is the most intimate. The only non-significant difference is between
blogs and Facebook.

The family and health related scenarios were rated as highly intimate, sharing your mood was described as a mid-level intim9acy and political opinion was the least intimate of the given scenarios (Figure 5.).
When we look at the levels of online self-disclosure for the tools and scenarios (Figure 6.), we reveal that Intimate scenarios are being shared only
on intimate tools, and less intimate scenarios are shared on a wider variety
of media.

Study 2: Interviews “Discussing contexts and motivations for self-disclosure on social media”
A second study will involve interviews where motivations and context for this behavior
can be explored in depth. I plan to ask participants to go over their history with some of
these tools and describe the context of messages that can be rated as disclosure. Participants will be asked whom they were expecting to read such messages, what motivations
led them to post such information, how they feel about the technology they were using at
the moment, how they felt about sharing that information at the time, and how they feel
about it in retrospect.
Study 3: ESM “Online self-disclosure in context”
Finally, the results from these two studies will inform the creation of an experience sampling method (ESM) study that can more precisely incorporate the context of communication across multiple tools in a natural setting, including nuanced elements such as conversational partner, and context variations for time of the day and day of the week. This
study will sample the CMC activity of a group of people during the course of a week.

Analysis N=1092

Countries of origin
After each prompt, participants will trace their latest CMC message, and respond to the
questionnaire to explain its context. Some questions that I foresee in this questionnaire
include: Location, social context, emotional state before and after sending the message,
the message topic, message description, message intimacy rating, channel used, and intended audience.

Tool Usage

Figure 4. Tool intimacy, means and SD.

Figure 5. Scenario intimacy, means and SD.

Figure 1. World map with participant’s countries in green.

Age

Experience

14.5

11.1

5.7

4.0

Contact me!

2.5

If you would like to discuss or have questions about any
of the ideas on this poster with the author, you may reach
me via twitter @mantruc, or via email at
jvelasco@unc.edu

Participants

Figure 3. Percentage of participants using tools,
and their mean years of experience.

Education: M = 17.10 Years (SD = 4.567)
Work Experience: M= 9.99 Years (SD = 9.585)
60.7% = Women
45% = Design or Study of Information Systems
Figure 2. Histogram of Age;
Range = 16-69 M =33.56 (SD = 10.485)
Figure 6. Online Self-disclosure by scenario across tools
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Abstract
Children who are not co-located with system developers
because of geographic location or time zone difference
have ideas that are just as important and valid as
children who are easily “available”. This problem is the
motivation for my thesis work. I propose to design,
develop, and research a computer-mediated,
geographically distributed, asynchronous tool to
facilitate intergenerational participatory design.
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General Terms
Design

Research Situation
Over the last three years, I have been deeply involved
in participatory design. The passion I have for these
methods is due to my belief that the best way to solve
problems is to enable the affected groups to work
directly with those that can craft a solution. As part of
the Human-Computer Interaction Lab’s intergenerational design team, Kidsteam, I have had the
chance to participate in the design of children’s
technologies with children. Unfortunately, face-to-face
co-design is not always possible due to geographical
location or time differences such as time zones or
school schedules. In order to enable more children to
participate, my research seeks to develop design
techniques that enable intergenerational,
geographically-distributed, asynchronous co-design.
I am currently a Doctoral Candidate in my third year at
the University of Maryland’s School of Information
Studies (the iSchool). This Ph.D. program is
interdisciplinary and research-based. I expect to defend
my proposal in the Spring semester of 2011 and my
dissertation in the Spring semester of 2012.

CHI 2011, May 7-12, 2011, Vancouver, BC, Canada.
ACM 978-1-4503-0268-5/11/05.

The program consists of 25 hours of coursework
beyond a Master’s degree, a comprehensive

requirement called an integrative paper, the proposal
defense, and the dissertation defense. In our program,
candidacy is awarded after the successful completion of
the integrative paper.
My integrative paper is the basis for my proposal.
Utilizing participatory design techniques, I created an
online system to facilitate Layered Elaboration [9]. I
have already begun designing and developing my
research prototype for my dissertation research.
Attending the Doctoral Consortium would be a
wonderful opportunity for me. I would be able to
discuss my work with researchers in the CHI
community, and as important, other Ph.D. students
who make up a cohort of developing researchers.

facilitators of the Carnegie Hall Cultural Exchange
program. In this program, students from New York,
Mexico City, and New Delhi participated in activities in
the classroom and in an online social network. Each
location had local co-design sessions, however, there
was no interaction between groups due to the timezone differences between the three locations.
This is a real problem that prohibits co-design from
happening with geographically distributed audiences. In
recent participatory design work with a nationally
recognized artistic institution, the ability to use
traditional techniques with an international audience
was prohibited by tools, location, and time. As an
international organization, it is important to CHI to
understand how to enable truly global users to work
with each other in order to solve complex problems.

Context and Motivation
Currently, distributed co-design is achieved with noninteractive media like paper and sticky notes physically
sent via courier, or non-iterative, computer-based
methods like e-mail. Distributed co-design is currently
difficult because of the multiple individual idea streams
that the distributed co-design teams must manage such
as text from an e-mail or graphics from an image file
[2]. Besides the difficulty in organizing relevant media,
distributed design teams need a way to see the
iterations between versions and prevent versioning
errors.

Background and Related Work

Some of these problems could be solved through the
use of computer-supported cooperative-work tools.
Although tools currently exist for simultaneous co-work,
and can be extended for co-design, tools that support
asynchronous co-design do not exist. In a recent
project, our research team worked with students and

One of the earliest participatory design tools that
leveraged paper-prototyping with new media was
PICTIVE [7]. PICTIVE combined low-tech prototyping
materials with high-tech video recording. PICTIVE used
a shared design surface and included a number of lowtech materials like labels, highlighters, colored pens,

Participatory Design is a high-level, overarching
methodology that involves end-users in the design
process. In the mid-1970’s, computer-based
technologies were introduced into the workplace in
Europe, and workers began to feel that they were
losing control of their work environment [5]. This led to
the seminal work of the UTOPIA project [1], which
sought to give a voice to newspaper workers in Sweden
in the design of new graphics workstations in the early
1980’s.

Post-it notes and pre-made icons. This technique
required all parties to be in the same location at the
same time.
PICTIVE led to the PICTIOL project [3]. PICTIOL is
based on and shares features with TelePICTIVE, [6], an
online version of the PICTIVE design technique.
PICTIOL seeks to mimic PICTIVE with an online design
space using predesigned shapes, “sticky notes”, and
some drawing tools. Tools like these allow users to be
in different locations, but still required synchronous
schedules.
For the design of the International Children’s Digital
Library (ICDL) [2], the traditional co-design techniques
like sticky noting, low-tech prototyping, and idea
frequency analysis, or “Big Ideas” [4], needed to be
modified to work with a geographically dispersed group.
For example, instead of low-tech prototyping with Bags
of Stuff, children from geographically dispersed areas
drew pictures on paper and mailed them back. Once a
year, a lead team member would travel to the different
countries to interview the children about their designs
to get some insight. These techniques did enable
geographically distributed, asynchronous co-design,
but, the time to mail something internationally, the cost
to travel to a site, and the lack of iterations and
elaboration by all parties in a timely manner could have
reduced the speed of development of the project.

Statement of Problem
The designs of children in areas not co-located with
system builders, or who live in locations not easily
accessed, are just as important and valid as children
who are “around”. Based on the shortcomings of
previous projects, there is a need for computer-

mediated, asynchronous, geographically distributed,
intergenerational, participatory design tools. In order to
address this need, I will need to identify the following
items: the features a computer-based design tool
require in order to facilitate distributed co-design with
children, children’s preferred features for a computerbased distributed co-design tool, and identify the
experiences of intergenerational design teams who use
distributed co-design tools.

Research Goals and Methods
In order to identify the features necessary to facilitate
distributed co-design, qualitative research methods,
such as cooperative inquiry, interviews, and
observations will be used. The contribution of this
research goal is the identification of the requirements
that a tool would need in order to be designed and
built.
Once a prototype of the tool is built, I will use a mixed
methods approach to identify users’ preferred features
for the co-design tool. I will create several protocols
that place users in scenarios where they co-design in a
distributed environment and record observations. After
that, the users will participate in a survey about the
features that they worked with as well as an
opportunity to make suggestions on the tool.
Once the results from the feature-set research are
incorporated into the prototype, a geographically
distributed, asynchronous, intergenerational design
team will be formed. This Online Kidsteam will use the
co-design methods afforded by the design tool to solve
real-world problems. The members will keep online
journals about their participation in the online team.
This will allow me to know if the tool can be successful

in a real-world environment as well as the experiences
that someone participating in a geographically
distributed, asynchronous design team may have.

Dissertation Status
As of this submission, I have a rough draft of my
proposal complete. I expect to defend the proposal in
the Spring semester of 2011.
Using the prototype developed during my integrative
paper process [8], I am designing the first prototype of
the design tool with our intergenerational design team.
The prototype will be completed in February of 2011
after receiving feedback from my committee. Once the
prototype is complete, I will be able to gather research
regarding user preferences and have that data to bring
to the Doctoral Consortium in May 2011. At the
Consortium, I would like to show my prototype and
early findings to all members of the consortium and get
feedback on the work to date.

Expected Contributions
Through the process of creating the design tool and the
experiences with the online Kidsteam, there are three
expected contributions to the HCI research community
from this dissertation research.
Developing and researching the prototype will continue
to support the adoption of high-tech prototyping in the
traditional low-tech prototype realm of participatory
design. The outcomes of the online Kidsteam will help
develop new insights and processes for working with
children. Finally, the developed tool will give a voice to
those who, frequently, cannot participate in co-design
because of their geographical location.
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Abstract
Group brainstorming is a commonly practiced technique
to enhance creative outcomes. Cultural differences in
knowledge and perspectives are valuable sources for
diversity essential to creative outcomes, while cultural
discrepancy in communication and language may
impede idea sharing. My dissertation research aims to
reconcile the tension between the benefits and
obstacles of intercultural brainstorming. The design
approach is to augment conversational brainstorming
with language-retrieved pictures. Pictures may provide
rich stimulation and mediate concepts in a relatively
language-independent manner, which may complement
the still imperfect machine translation, and make intercultural and multi-lingual idea sharing more feasible.
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General Terms
Design, Experimentation, Human Factors

Research Situation
I am a third year Ph.D. student in the Department of
Information Science at Cornell University. The
department brings together cross-disciplinary faculty
and students to conduct research at the intersection of
information technologies and social sciences. I have
progressed to my candidacy stage, and expect to
complete my dissertation in 2011.
Academically, I identify myself both as a behavioral
scientist and a computer scientist. As a behavioral
researcher, I draw psychological theories and methods
to study computer-mediated communication (CMC),
intercultural collaboration and group creativity. As a
system builder, I apply computational techniques to
design tools to support complex social and cognitive

tasks such as group brainstorming. Ideas from the two
aspects cross-fertilize. Behavioral studies and system
design are closely integrated in my research.
My dissertation aims to address issues around
supporting intercultural workgroups to generate ideas.
The increasing popularity of using CMC to perform
teamwork across national and cultural boundaries
raises theoretical and design questions regarding how
cultures affect computer-mediated brainstorming, and
how to support this intercultural collaboration process. I
propose to use language-retrieved pictures (i.e.,
pictures triggered by, and relevant to, conversational
content) to provide rich visual stimuli that make verbal
brainstorming more stimulating. Completed studies
showed the usefulness of the approach in intracultural
[5] and intercultural groups [6]. As a next step, I
propose to integrate this approach and machine
translation to allow international group members using
their native languages to express ideas. Pictures may
mediate concepts in a language-independent manner
and thus may make it easier to share ideas across
language boundaries.
By attending the CHI 2011 doctoral consortium, I
expect to gain feedback from the HCI community on
this proposal, and also on general issues around
cultures, languages and creativity in the context of HCI.

Context and Motivation
Generating ideas is an integral component to work in
many domains. Creativity is difficult; limits in
individuals’ knowledge, perspective, experiences and
overall cognitive resources make idea generation a
challenging task.

In theory, overhearing other people’s ideas may help to
expand people’s vision and imagination, allowing group
members to synthesize new ideas that they cannot
think of individually [3]. Ideas generated in groups
also serve as stimuli to sustain group brainstorming. A
close observation of the process suggests that ensuring
the abundance and diversity of stimuli is important.
When ideas contributed by group members are too few
or too similar, the possibility for people to think of
unique ideas may decrease due to low stimulation.
Consequently, the group may fall into a vicious circle of
cliché, generating only variations on the same ideas.
Intercultural groups consisting of individuals with
multicultural backgrounds have the potential to
brainstorm better. Cultural differences in knowledge
and cognitive styles [4] may become a useful resource
to improve the diversity of ideas and stimuli available in
groups, and help to achieve better creative outcomes.
However, the communicative barriers between different
cultures could also be large. Non-fluency in using a
second language to express ideas and withholding ideas
due to heterogeneous social norms could be common.
The social and language gaps between cultures raise
needs to understand intercultural brainstorming and to
identify ways of supporting the process.

Background
Group brainstorming involves both the social process of
idea sharing and the cognitive process of idea
generation. Group brainstorming may benefit idea
generation if socially exchanged ideas are sufficiently
different from individuals’ own ideas, because they may
stimulate out-of-box thinking and prevent people from
converging to a narrow set of thoughts [3]. Productive
ideation requires diverse stimuli, but such diversity may

not be available because social interactions may raise
negative side effects, such as making individuals to
withhold ideas due to peer evaluation pressure [3].
Early electronic brainstorming systems attempted to
reduce evaluation apprehension and other social side
effects by displaying ideas anonymously with circulating
sheets or public displays [1]. The approach enhances
productivity at the cost of conversational interactivity,
which is important to the social aspects of workgroups,
such as interpersonal coordination and relationship
building [2]. The design also did not take cultural and
language differences into consideration.

Statement of Thesis
It is crucial to identify designs that may support
intercultural brainstorming given the increasing
popularity of international collaboration. Cultural
diversity in knowledge may contribute to creative
outcomes, but cultural differences in social norms and
languages may block idea sharing. How to reconcile the
tension between the benefits and difficulties of
intercultural work poses challenges both to design and
theory. The dissertation aims to contribute to the
understanding of computer-mediated intercultural
brainstorming and to identify ways of support.
figure 1. IdeaExpander monitors the group
conversation (right) and selects pictures to
display to the group (left).

Research Goals and Methods
To support intercultural brainstorming, I identify
multiple design issues and constraints. Because
interactivity is required for certain beneficial social
processes, can we use conversations to achieve natural
but also effective idea sharing? Because expressing
sophisticated ideas in a second language is difficult, is
there a way for international group members to express
ideas in different native languages?

I propose to address the needs and requirements with
language-retrieved pictures, an interaction technique
that augments ongoing conversations by presenting
extra pictorial stimuli retrieved based on the language
content [5]. As a communication channel, pictures are
with unique properties. One observation is that
language may convey ideas with semantically precise
propositions. Pictures, on the other hand, may provide
a richer visual context to trigger culturally diverse
perceptions and interpretations [4]. Presenting
language-retrieved pictures to people thus may
strengthen the stimulating utility of the original verbal
ideas to elicit cultural diversity in concepts for
enhancing productivity and originality of ideas. I
propose to examine the effects of pictures on
intercultural teamwork through experimental studies.

Dissertation Status
I have prototyped the design proposal of using
language-retrieved pictures to augment conversational
brainstorming as a tool called IdeaExpander [5]. Figure
1 shows both a screenshot and the high-level
architecture of IdeaExpander, which retrieves and
presents pictures relevant to ongoing online chats.
One recent experimental study shows that
IdeaExpander helped intercultural groups to generate
more and more diverse ideas than the condition of
receiving no stimuli [6]. IdeaExpander-mediated
intercultural brainstorming helped to obtain the
greatest diversity of ideas than either having
multicultural group composition or using IdeaExpander
alone.
The next step is to understand the effects of using
pictures to cross language boundaries, and enable

people to express ideas in their native languages. To
prototype this, I propose to combine IdeaExpander with
machine translation tools, like Google Translation or the
Language Grid toolbox (http://langrid.nict.go.jp/). In
this cross-lingual version of IdeaExpander, ideas shared
to the chatroom will be processed in two ways. First,
contributed ideas will be translated by machine
translation. So people speaking a different language
will see translated ideas. Second, the system will use
the inputs to retrieve relevant pictures as visual stimuli.
Searching pictures with multilingual queries is related
to the technical topic of cross-lingual information
retrieval. A simple prototyping technique is to index
pictures with multilingual tags.
I will conduct an experimental study to examine of
effects of IdeaExpander on machine translationmediated brainstorming. In the study, participants
from two different cultures (American and Chinese) will
brainstorm in dyads by talking either in a common
language (English) or in their native languages (English
or Chinese) that will then be translated by machine
translation. Each dyad will work on two sessions, one
with IdeaExpander and one without. The experimental
design will verify whether poor machine translation
impedes brainstorming, and if so, whether
IdeaExpander helps to improve the performance. I will
also examine the pattern of language use to
understand how the injection of pictures influences the
ways people talk to collaborate and share ideas.

Expected Contributions
My dissertation research proposes an integrated body
of behavioral and system design work for computermediated intercultural brainstorming. The work will
contribute to the current understanding of CMC,

intercultural collaboration and group creativity to the
HCI community. It also demonstrates using theoretical
and empirical understanding of human behaviors and
cognition to shape the design of artifacts for supporting
complex cultural, social and cognitive processes.
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Language-Retrieved Pictures

Introduction

Group brainstorming is a commonly practiced

Original:
“I had a difficult time in New York this
winter due to the weather”

procedure for generating ideas. Cultural differences in
knowledge and perspectives are valuable sources of
idea diversity, while cultural discrepancy in language
and communication may impede idea sharing. To
reconcile the tension, we propose to integrate
machine translation (MT) and language-retrieved
pictures to support intercultural brainstorming.
Language-retrieved pictures are an interaction
technique that visualizes concepts mentioned in
verbal conversations with relevant pictures. Pictures
may convey concepts visually to complement broken
verbal communication mediated by MT and to provide
stimuli for sustaining brainstorming activities.

Roles of Cultural Differences

English-to-Chinese machine translation:
“我有困難的時候在紐約,由於今年冬季天氣”
(Because of the weather this winter, when I
have difficulties in New York)
IdeaExpander
Visually Augmented Communication. Augmenting
verbal ideas with pictures provides extra stimulation
(e.g., scene of driving for the idea “driving without
mirrors is possible”).
Cultural Differences in Scene Perception. East
Asian’s holistic thinking style fosters greater attention to
background information (Nisbett et al.). Different
cultures see different things from the same picture.

Effects on Intercultural Brainstorming

Bat-like wings, evil, fierce Snake-like body, noble, brave

Crossing the Language Barrier

*

*

*

Translation errors may pose difficulties on comprehension
and idea sharing. Language-retrieved pictures may detour
around the incomprehensibility of language and provide
useful stimulation for group brainstorming.

Implementation

*

Concept Diversity. Cultures differ in the saliency and
definition of concepts (e.g., European and Chinese
dragons). Broader concept space for potentially more
diverse and creative idea generation.
Language and Communication. Cultures differ in
native languages used, and tendency of social
conformity and evaluation apprehension.
Obstacles of idea sharing.

Design goals: Eliciting benefits of cultural
differences and detouring around the obstacles.

27 brainstorming dyads of American and Chinese
participants generated ideas with language-retrieved
pictures or none.
With language-retrieved pictures, intercultural
brainstorming (AC pairs) generated more ideas
(productivity) and ideas with more diverse concepts
(breadth of concepts).

IdeaExpanderMT: MT +
Multilingual Picture Retrieval.
Using Google Translation and
Language Grid (Ishida).

This material is based upon work supported by the National Science Foundation under Grants No. IIS-0803482 and IIS-0845351

IdeaExpanderMT for general
domains. Using ImageNet as the
image database (Fei-Fei et al.)
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Abstract
Asthma affects a significant number of children,
families, and health care systems. In this work, I
discuss the challenges that these stakeholders may
face, and present system that may help address some
of these challenges. Finally, I highlight the expected
contributions of this work.
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Introduction
Information and communication technologies (ICTs) for
chronic care are increasingly being researched in HCI
[7]. For example, one of the current health
management areas where ICTs have been employed is
in supporting communications between patients and
physicians [6]. This is particularly relevant for patients
suffering from chronic diseases since there is evidence
that better communication leads to better health
outcomes [3]. ICTs that support acquiring health
related data, tracking sensing data, and communicating
with healthcare providers have great potential for
improving health outcomes. My goal is to study
pediatric asthma management to determine whether
and how ICTs affect currents asthma management
practices and could influence future practices. Further, I
plan to investigate how we leverage existing ICTs and
design new technologies to support asthma
management.
I have chosen to examine pediatric asthma as foci of
my Ph.D. dissertation. The reason I have chosen
asthma is that it is a complex disorder characterized by
variable and recurring symptoms. It is a leading chronic

illness among children in the United States; 5.6 million
school-aged children and youth (5-17 years old) were
reported to have asthma in 2007 [5].
Asthma is different from other chronic conditions in a
number of ways. First, the severity of asthma depends
on not only the patient’s lifestyle but also other triggers
they cannot directly control. Pediatric asthma
management must address environmental effects, such
as outdoor and indoor air quality. Second, the
measurement of patient’s status is challenging in
pediatric asthma. Asthma does not have a direct unit to
measure the status of patient. Third, pediatric chronic
disease management involves various stakeholders
such as parents, healthcare providers, and community
health workers. Thus, asthma care makes an
interesting case study because it shares some features
with other chronic diseases but also presents a number
of unique challenges.

Background

Figure 1. Salud! application (Top)
can displays data collected from a
variety of sources over the same
period of time. This allows
participants to reflect on the
relationship between the data
that is collected and their asthma
status. Multifunction widget :
Monet view (Bottom)

Despite the growing efforts to develop asthma care
over the past decade, a majority of patients have not
benefited from advances in asthma treatment and
many lack even the basics of care [1]. ICTs can
augment a viable solution in response to the unique
challenges [2]. First, a wide deployment of computing
devices can support the communication capabilities of
health information. Patients and caregivers use
computing devices anywhere and, thus, have the
potential to send or receive health information anytime.
Second, a context-aware computer system can
automatically infer what situation a person is in. This
capability enables technology to raise awareness and
motivate management of asthma by providing
contextual information to users.

As the first step toward designing ICTs to support
pediatric asthma management, I conducted formative
research with the target stakeholders to understand
their challenges and needs. I investigated user needs
and potential challenges in pediatric asthma
management by empirically investigating twelve
families with asthmatic children, six healthcare
providers, and four community health workers. This
study reveals that asthma adds physical and cognitive
burdens on the families with asthmatic children,
resulting from the complexity associated with trigger
monitoring, symptom treatments, and progress
documentation. The study shows that the current tools
are limited to overcome these challenges.
Next, I decided to investigate how ICTs could support
pediatric asthma management at home. I began my
research by studying three families with pediatric
asthma patients. In this study, I designed and deployed
a prototype, which include a temporal data
management application [4], a peak flow meter, an
indoor air quality sensor, and multifunction widget, to
support raising awareness of the pediatric patient’s
health behavior, triggers, and other contexts in a
reflective manner (figure 1). This study found that
families with different asthma severity used different
strategies to use my prototype and manage their
asthma symptoms and triggers. Thus, understanding
the consequences of context might allow tractable
management that leads to changes in confidence levels
and sense of control [8].
My findings in the second study highlight possible
opportunities for improving pediatric asthma
management. Based on my current findings, I plan to
design and evaluate a system that has features that

can be adapted to take into account the severity of the
child’s asthma and various triggers in company with
healthcare providers. And that can be individualized to
the family’s technological practices.

Proposed System Design and Future Work
My fieldwork has grounded my understanding of what
the requirements for pediatric asthma management
and how ICTs affect pediatric asthma management in
families with pediatric asthma patients. My next step is
to use a prototype ICTs to deepen my understanding of
pediatric asthma management with healthcare
providers. Specifically, my study will help me answer
the following questions: What features of ICT need to
be enhanced to support pediatric asthma management
when healthcare providers involved? What kind of
communication should be established between
stakeholders including healthcare providers? How does
the level of asthma severity affect where and how ICTs
are used by both patients and healthcare providers?

Figure 2. The dashboard
application for phsycians showing
SMS responses from patients

As one case I pursue the use of Short Message Service
(SMS) as a medium to explore these questions. I chose
SMS because: 1) it is commonly available system that
does not force another digital equipment on user's-end,
and 2) it does not require the extra development of
client software. Below, I describe with more detail
about the research plan.
Short Message Service for healthcare providers and
patients (figure 2)
In this study, I will investigate whether asthma
awareness and management is enhanced through a low
cost SMS mobile technology for pediatric patients that
have their own mobile phones. Further, unlike many
studies, I do not look at adherence as solely the

patient’s and family’s responsibility. My system includes
two main parts: first, the SMS service, which sends
questions and receives answers, for patients; second, a
dashboard, which displays the status of patients, for
healthcare providers. I believe the intervention will
force physician asthma management adherence toward
dynamic disease events (and beyond the typical static
office visit assessment). Using this approach, which
allows this information to be received in a clinically
palatable fashion, we hypothesize improved asthma
patient outcomes.
To verify hypotheses, we will gather different data
based on each hypothesis:
Hypothesis 1: Pediatric asthma patients utilizing SMS
technology-driven asthma communication have
significantly better asthma controller medication
adherence compared to the non-intervention asthma
patient group as measured by questionnaire and
medication refill assessment.
I will monitor medication adherence for the
experimental groups based on SMS surveys
occasionally asking about use of the controller
medication in daily life. All patients will complete
medication adherence surveys at the post visit.
Medication refill assessment will be collected based on
the number of times refill prescriptions are requested
from the physician.
Hypothesis 2: Pediatric asthma patients utilizing SMS
technology-driven asthma communication report better
asthma control compared to the non-intervention
asthma patient group as measured by questionnaire.

Similar to the previous aim, I will collect asthma control
for the experimental groups on an on-going basis and
this will compare with the more standard 4-week
assessment using the Childhood Asthma Quality of Life
Questionnaire (AQLQ) at the pre and post-study visit.
In addition, physicians will be conducting spirometry
measurements at initial intake and at the pre and poststudy visit.
Hypothesis 3: Pediatric asthma patients utilizing SMS
technology-driven asthma communication have
increased physician adherence to patients’
management and participation in modification of
therapy compared to their asthma control group
counterparts.
For patients in the experimental group, the system will
track automatically all physician-initiated
communication. For patients in the control group, I
define a strict protocol for documenting any form of
communication with the patients. This protocol
leverages the existing best practices for monitoring
physician-patient communication.
My study will describe an analysis of patients’
interaction with SMS questionnaire and knowledge
regarding asthma and physicians’ interactions with the
dashboard that sought to inform our understanding of
how users integrate such systems into their daily lives
and their practice.
Through my evaluations of the system design, I intend
to comment on what features of ICTs affects pediatric
asthma management how effective ICTs are for
pediatric asthma management. My end results will
allow me to comment on how different type of

intervention affected the levels of asthma severity.
Overall, My contribution to HCI will be not only design
implications but also evidences for ICTs given new
insight how to support chronic disease management
between various stakeholders.
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Motivation
Information and communication technologies (ICT) for chronic care
are increasingly being researched in Human Computer Interaction.
Supporting communications between patients and physicians is one of
the current health management areas.
Few HCI researchers have investigated asthma as a case study for
designing communication technologies. Asthma is one of the most
common chronic childhood diseases, affecting an estimated 7.1
million children under the age of 18 in the United States. Asthma is
an ongoing condition that interferes with breathing by preventing
airflow into the lungs. It is difficult to identify the actual cause of
asthma and predict who will have asthma. Thus, ICT can augment a
viable solution in response to the unique challenges.

Sample of Chart

Current Clinical Practices
Patients with asthma see their physicians three to four times a year.
However, there is little communication between the patient and
physician during the time between visits.
Hypotheses
H1: Pediatric asthma patients answering regularly-administered questions about
their asthma management via SMS will demonstrate better health outcomes than
a control group of asthma patients, as measured both by quality of life
questionnaire and pulmonary function test
H2: Pediatric asthma patients answering regularly-administered questions about
their asthma management via SMS and receiving regularly-administered
information via SMS intended to increase their knowledge about asthma will
demonstrate better health outcomes, as measured both by quality of life
questionnaire and pulmonary function test, compared to those receiving only
regularly-administered SMS questions and controls
H3: Pediatric patients answering regularly-administered questions about their
asthma management via SMS and receiving regularly-administered information via
SMS will have better perceived quality of the informative and affective behaviors
of the healthcare providers, compared to those receiving only regularlyadministered information and controls.
	
  

Design
Interviews and observations shows many pediatric asthma patients
have a mobile phone. Thus, mobile phones is an ideal experimental
platform for mobile health research.To avoid additional hardware
and software requirements, the short message service (SMS) is used.

Formative Studies

Formative Studies
Semi-structured Interviews
• Twelve families with asthmatic children, six healthcare providers,
and four community health workers.
• Asthma adds physical and cognitive burdens on the families with
asthmatic children, resulting from the complexity associated with
trigger monitoring, symptom treatments, and progress
documentation.
• The current tools are limited to overcome these challenges.

An intervention consists of two parts
• An SMS service as an asthma survey and education tool
• A Physician’s Dashboard as an interface to review patients’
status.
The system explicitly supports the communication between children
with asthma and physicians and between physicians and other clinical
support staffs, but it also implicitly supports the “out of band”
communication between parents or other caregivers as well as
between the doctor’s office and the family.

Family!

Technology Probes
• A prototype, which include a temporal data management
application, a peak flow meter, an indoor air quality sensor, and
multifunction widget, to support raising awareness of the pediatric
patient’s health behavior, triggers, and other contexts in a
reflective manner.
• Families still want/need to have healthcare provider’s support.
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Expected Outcomes

1
Peak Flow Meter
(Digital/Manual)

SMS!

Doctor’s office!

Outdoor Air Quality
(Widget)

• Pediatric asthma patients using my system will demonstrate
better health outcomes, as measured both by quality of life
questionnaire and pulmonary function test, compared patients
without the system.
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• The system will affect the perceived quality of the informative
and affective behaviors of the healthcare providers.

4

Asthma
Diary

• Overall, my contribution to HCI will be not only design implications
but also evidences for ICTs given new insight how to support
chronic disease management between various stakeholders.

