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ABSTRACT
Ambient lifestyle feedback systems are embedded computer
systems designed to motivate changes in a person's lifestyle by
reflecting an interpretation of targeted behavior back to the person.
Other interactive systems including ”serious games” have been
applied for the same purpose in areas such as nutrition, health and
energy conservation, but they suffer from drawbacks such as
inaccurate self-reporting, burdens placed on the user, and lack of
effective feedback. Ambient lifestyle feedback systems overcome
these challenges by relying on passive observation, calm
presentation style and emotionally engaging feedback content. In
this paper, we present an ambient lifestyle feedback system
concept and provide insights from the design and implementation
of two prototype systems, Virtual Aquarium and Mona Lisa
Bookshelf. In particular, we discuss the theory and practice of
effective feedback design by drawing on elementary behavioral
psychology and small-scale user studies. The work is aimed at
aiding in the design of ambient persuasive technologies and
ambient interaction in general.

Categories and Subject Descriptors
H.1.2 [User/Machine Systems]: Human factors, J.4 [Social and
Behavioral Science] Psychology, D.2.10 [Design] Representation

General Terms
Design, Experimentation, Human Factors

Keywords
Interaction design, Ambient feedback, Persuasive technology,
Behavior modification, Intelligent smart objects, Emotional
engagement

1. INTRODUCTION AND MOTIVATION
While the purpose of technology is to bring about positive change
in the world, some problems cannot be fixed by simply applying a
technological solution. Problems that arise from people’s choices
and lifestyles are often more effectively addressed by altering
human behavior than by attempting to develop a technological fix.
In practice, desirable lifestyle patterns may be challenging for
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individuals to realize. In these cases, technology can be applied
indirectly as a tool to motivate behavioral change. In [1, 22] we
argued that ubiquitous lifestyle feedback systems that provide
immediate feedback for user behavior are a promising means of
effecting lifestyle change in areas such as health and energy
conservation. In this paper, we discuss a revised version of the
concept, called the ambient lifestyle feedback system.
Persuasive media such as books and pamphlets have been used to
change people’s attitudes and behavior since ancient times.
Recent advances in persuasive technologies such as the Web and
mobile phones have had a strong impact on our daily lives [4, 5].
Most recently, specialized interactive systems such as serious
games [3, 6] have been developed for this purpose. Serious games
usually seek to effect behavior change by training, educating and
altering the attitudes of players during game play. The assumption
is that the altered state of mind translates to actual behavior after
the game session is over. For example, after playing ten 25minute sessions of Squire's Quest at school, children reported
increasing their fruit and vegetable consumption by one serving
per day [2].
The objective of our work was to design solutions for an openended target group to bring about lifestyle changes in mundane
daily activities. We felt that in this area ubiquitous computing
technologies could provide new possibilities. Ubiquitous
computing is already used in areas such as health, hygiene and
food safety to directly address and fix people’s problems. We
focused on areas where improvement requires a change in
voluntary human behavior. A key promise of ubiquitous
computing is that it allows us to design systems that are almost
invisible to the user, which turns out to be advantageous in
persuasive technology. The systems can obtain input from sensors
and computers embedded in everyday objects, and provide calm
output through ambient displays integrated with the environment.
This paper is aimed at aiding in the design of ambient persuasive
technologies as well as providing insights for ambient interaction
in general. In the next section we describe existing ambient
interaction systems and behavior-shaping technologies, and
discuss their benefits and limitations. We then present the ambient
lifestyle feedback system architecture and design principles, and
we introduce two prototype systems, a Virtual Aquarium
promoting dental care and a Mona Lisa Bookshelf aimed at
keeping a communal library organized. After that we present
lessons learned from the prototype designs: choosing an
appropriate presentation metaphor, balancing positive and
negative feedback, and evaluating the system’s effectiveness.
Finally, we discuss directions for future research.

2. BACKGROUND AND RELATED WORK
Even though successful specialized computerized solutions for
motivating change in behavior have been demonstrated, their
adoption in everyday life remains scarce. The researchers who
created Squire’s Quest found that it was challenging to find time
for the gaming sessions that were intended to alter behavior[2].
The sessions would also likely have to be repeated in order to
maintain the effect. Effecting additional changes, such as
improving dental hygiene in addition to teaching better nutritional
choices, would require a separate set of sessions. The time
requirement placed on the user limits the applicability of this type
of serious games for effecting changes in people's lifestyles.

appearance and physical role of information displays is designed
to resemble paintings hanging on the wall [12]. However, ambient
displays are typically used to deliver “outside” information to the
user, from weather conditions to unread emails. In our work, the
goal is to motivate desirable lifestyle changes by making boring
tasks fun rather than by just presenting information.

3. DESIGNING AMBIENT LIFESTYLE
FEEDBACK SYSTEMS

Furthermore, in some areas there may be psychological limits to
the ability of education alone to effect behavioral change. Even
when a person full-well knows that a particular behavior is
detrimental enough to her long-term well-being to offset any
possible short-term benefits, she may still irrationally choose the
short-term indulgence. Examples of such behavior include
smoking, over-eating, under-exercising and poor personal care.
Future consequences, while widely known, are easily ignored in
the present.
To combat these behavior patterns, commercial software solutions
are available that operate on a principle different from education:
they turn long-term effects into short-term feedback. For example,
so-called “quit meters”[31] provide smokers with constant
feedback on how much money is wasted and how many minutes
of life are lost. “Carb counters”[30] for Palm handheld devices
provide instant feedback on meal choices. Compared to games,
quit meters and carb counters do not require setting aside time for
game sessions, as their use is intended to happen during normal
daily activities. But the feedback they provide lacks the
engagement and fun that games strive for, lessening their
emotional impact.
Quit meters, carb counters and many lifestyle-shaping games
suffer from problems created by self-reporting. Besides being
burdensome and time-consuming, reporting one’s behavior to a
machine in order to obtain feedback is unreliable: people are
known to submit false data, both intentionally and due to
cognitive biases. This hampers the system's ability to effect real
change. ‘Ere Be Dragons[7] is an example of a serious game that
utilizes passive sensors to observe user behavior. The game’s
purpose is to encourage the players to partake in a healthy level of
physical exercise. Users roam in an outdoor space while the game
collects data from heart-rate sensors and GPS devices and renders
the game world on a PDA screen. The only self-reported bit of
information is player age. As a tool for effecting lifestyle change
in mundane daily activities, the concept behind ‘Ere Be Dragons
nevertheless suffers from the same problem as Squire’s Quest: it
requires setting aside significant time and space for gaming
sessions.
Ubiquitous computing and ambient interaction solutions are
intended to relax the time-space requirements of interacting with a
computer system. Such systems are integrated into daily
environments and seek to utilize peripheral perception capacity to
deliver information in an unobtrusive way. An example of this
idea is found in the Informative art project, where both the

Figure 1: Encouraging Daily Activities with Ambient
Feedback
Based on the strengths and weaknesses of the solutions discussed
in the previous section, we designed our own solution to motivate
desired changes in lifestyle as shown in Figure 11. The solution,
called ambient lifestyle feedback system, is presented as a set of
three design principles and an overall system architecture. The
system is intended to be implemented using ubiquitous computing
techniques, including sensors and ambient display devices, but
most implementation details are determined by the needs of a
particular application and what behavior it targets to satisfy the
following principles below.
To lend a solid framework for feedback design, we referred to
elementary behavioral psychology. Behavioral psychology is a
discipline dealing with the relationship between behavior and
consequences. It posits that the form and frequency of behavior
can be affected by controlling the consequences. This is called
operant conditioning [8]. We referred to some basic tenets in
operant conditioning to obtain clues for the design of our system.
The most obvious clue is that the system should involve a
feedback loop between user behavior and system output to be
functional. A more challenging question is how the output should
be designed, which is much of what is discussed in this paper.

3.1 Design Principles
Passive observation: One of the key factors limiting the
applicability of the earlier solutions to our intended purpose is the
various burdens they place on a user, either in the form of time
1

The ambient lifestyle feedback system could be described as a kind of
mirror, because it reflects something about the user. The mirror does not
show the usual outward appearance, but reflects more personal facts that
may otherwise go unnoticed.

use or effort. To avoid the burdens of self-reporting, the system
should be able to passively observe the user’s behavior. To
eliminate the need to set aside time or go to a special place for
gaming sessions, the system should be integrated with normal
daily activities. Thus our first design principle is to use
observations of the users’ behavior as the system’s input, as
opposed to using keystrokes or some other proxy behavior. This
also facilitates the delivery immediate feedback, a key factor in
the effectiveness of operant conditioning.

Emotional Engagement: The fact that the feedback is
delivered in a non-disruptive way must not mean that it ends up
being irrelevant to the user. To effect a change in behavior in
operant conditioning, we must be able to administer some sort of
meaningful consequences to the user. We do not have means to
effect changes in physical reality (such as delivering a sweet), so
would it be possible to make the user care about changes in the
internal state of a computer system? Computer games seem to be
able to do this. Good games are able to provoke a range of
emotional responses, from fun and satisfaction to guilt and
discontent. By mimicking the techniques used in computer games,
we should be able to build an emotionally engaging feedback
system, allowing us to administer punishments and rewards
without any physical resources. By ”emotional engagement” we
do not necessarily mean strong and deep emotional responses, but
the simple kicks that make many games interesting and addictive.

Ambient Feedback: To complete the integration of the system
into the user's daily living environment, we must also make sure
that the output produced by the system is appropriate. We refer to
Mark Weiser's concept of calm technology: technology that is
able to leverage our peripheral perception to deliver information,
as opposed to constantly demanding direct attention [29].
Ambient lifestyle feedback systems should be designed to blend
into their environment and to be able to deliver information in the
periphery. A loud or disruptive feedback system might even find
itself thrown out of the house or workplace.

component. The components are described in more detail below.
From the user’s perspective, using the system involves simply
performing daily activities in a sensor-embedded environment,
and receiving ambient clues in return.

Lifestyle Tracking: The lifestyle tracking component is where
the system obtains information regarding the user'’ behavior.
Instead of having to use special input devices, the person can use
daily objects like toothbrushes, bookshelves or kitchen knives in
their usual manner, with the objects providing the system with the
necessary data. This can be achieved e.g. by using Sentient
Artefacts: mundane objects enhanced by adding sensors and
computers.
Sentient Artefacts allow application developers to detect when a
user is e.g. sitting on a couch, having a meal, standing in front of
a mirror or brushing her teeth [9, 18]. Their most important
feature is that they extract user’s activities from the objects’
typical use. This is different from traditional approaches to sensor
use, such as tangible user interfaces. Tangible UIs have been
developed to offer compelling interaction between users and their
environment, while Sentient Artefacts work without the user
being consciously aware of dealing with a user interface.
Sentient Artefacts can be constructed using Cookies[19]: coinsized devices containing sensors and a Bluetooth network
interface. Data extracted from the sensors is often too fine-grained
to be used directly as a meaningful input to a feedback logic, so it
must be analyzed and turned into context information. Contexts
are highly abstracted activity descriptions such as “Alice is
brushing her teeth” or “The Art of Computer Programming is in
the bookshelf”. Context information is then passed on to the next
component in near-real-time. This way, the environment provides
the system with data that implicitly describes the user’s activities,
so that the user's actual behavior becomes the system’s input.

Feedback Logic: The feedback logic component determines
the type of output that the system should be giving at any point in
time. The decision is reached by comparing the user’s pattern of
behavior, as reflected by the context information, with the desired
“ideal” pattern. In principle, the closer the pattern is to the ideal,
the more positive the feedback. The logic obviously depends on
implementation and can be extremely complicated, in particular if
it attempts to embrace a detailed psychological model. In operant
conditioning, feedback content can be divided into reinforcement
and punishment depending on whether behavior is encouraged or
disencouraged. Reinforcement and punishment are further divided
into four types:
Positive reinforcement: encouraging a user’s behavior by
providing a favourable stimulus in response to it
Negative reinforcement: encouraging a user’s behavior by
removing an averse stimulus in response to it

Figure 2: Ambient Lifestyle Feedback System Architecture

3.2 Architecture
Figure 2 shows the overall architecture of an ambient lifestyle
feedback system. The architecture consists of the user and three
computational components: the lifestyle tracking component, the
feedback logic component, and the feedback presentation

Positive punishment: disencouraging a user’s behavior by
providing an averse stimulus in response to it
Negative punishment: disencouraging a user’s behavior by
removing a favourable stimulus in response to it

Another consideration in operant conditioning is scheduling:
the temporal arrangement of stimuli in relation to behavior. The
feedback logic component has a persistent state, so it facilitates
delayed, aggregated and scheduled feedback. In both of our
prototypes, we provide both immediate and accumulated feedback.
Immediate feedback gives users an immediate clue on the
desirability of their actions. Accumulated feedback may be used
to reflect long-term consequences faster than the real long-term
consequences of the behavior would occur. It can also create an
accumulated history for a behavior that otherwise has little. For
example, children (and adults, too) sometimes argue that cleaning
one's room is futile, since it will be just as messy again the next
week. This could be helped by keeping track of the number of
times the room has been cleaned and presenting it in an engaging
way. Instead of things seemingly returning to status quo,
accumulated feedback shows that actions result in progress.

Feedback Presentation: The feedback presentation
component communicates the feedback information to a user in a
suitable form. As argued above, the presentation style should
conform to the principles of ambient feedback and emotional
engagement.
In the near future, an increasing variety of daily objects can
present some information to a user. For example, AwareMirror [9]
offers useful information on a mirror in an ambient way. Slow
technologies [10] and the informative art project [12] explore
information visualization techniques that use art as inspiration for
both their appearance and their role in our surroundings.
Information presented in this way integrates well with the
surroundings and enables people to be notified without undue
interruption.

4. VIRTUAL AQUARIUM
To assess and develop our concept and design, we are building
prototypes of ambient lifestyle feedback systems. So far we have
completed two prototypes: Virtual Aquarium and Mona Lisa
Bookshelf.

users brush their teeth properly, the fish prosper and procreate. If
not, they are weakened and may even perish.

4.1 Design and Implementation

Figure 4: Virtual Aquarium Architecture

Lifestyle Tracking: Figure 4 shows the overall architecture of
the system. Toothbrushing activity is detected using Cookies. In
this system, we used a 3-axis accelerometer in a Cookie. One
Cookie is attached to each toothbrush in a household. Since
toothbrushes are usually not shared and each Cookie has a unique
identification number, we are able to infer which user is using the
system at a given time.
The Bluetooth connection, context acquisition and events
notification are managed by a context acquisition framework
called Prottoy [17]. Toothbrushing patterns are recognized by
analyzing the acceleration data. Figure 5 shows a user brushing
his teeth in front of the Virtual Aquarium using a brush with a
Cookie attached. The toothbrush is able to observe the behavior
passively without the need for any additional input from the user.

Feedback Logic: The objective of Virtual Aquarium is to
promote good toothbrushing practices. In this prototype, the ideal
behavior was defined as follows: 1) users should brush their teeth
at least twice per day; 2) one session should involve at least three
minutes of brushing; and 3) brushing should involve patterns that
ensure the teeth are properly cleaned. User behavior is compared
to this ideal and translated to feedback as described below.
The game offers positive reinforcement to encourage
toothbrushing, and disencourages users from skipping the
toothbrushing by offering both positive punishment and negative
punishment as described below.

Figure 3: A user toothbrushing in front of a Virtual
Aquarium. The toothbrush carries a wireless sensor device
(Cookie) that tracks the users' activity.
Virtual Aquarium shown in Figure 3 has the objective of
improving users’ dental hygiene by promoting correct
toothbrushing practices. The system is set up in the bathroom
where it turns a mirror into a simulated aquarium. Fish living in
the aquarium are affected by the users’ toothbrushing activity. If

Feedback Presentation: Having an aquarium in a bathroom is
somewhat out of the ordinary, but by no means intrusive. In the
design phase we considered replacing a normal bathroom mirror
with an AwareMirror that doubles as a screen due to its capability
to blend in with the environment. However, due to cost reasons,
the prototype currently uses an ordinary small flat screen mounted
in the bathroom.
Immediate Feedback: When a user begins to brush her teeth, a
scrub inside the aquarium starts cleaning algae off the aquarium
wall. At the same time, a set of fish associated with the user starts
moving in the aquarium in a playful manner. When the user has
brushed for a sufficient time, the scrub finishes cleaning and the

cannot be solved by technology alone, requiring instead a change
in human behavior [11].
Our second prototype, Mona Lisa Bookshelf, is aimed at keeping
a bookshelf organized. It tries to encourage users to keep books in
order and to return missing books, but also to take books out
every now and then for reading. Each book in the shelf is linked
with a piece of a digital image of the Mona Lisa. Like a picture
puzzle, the image changes according to how the books are
positioned. A high-quality flat display placed near the bookshelf
shows the image to the users.

5.1 Design and Implementation
Figure 5: A view of the aquarium while the user is
toothbrushing, showing a moving scrub and a dancing fish
(circled).

Figure 7 shows the architecture of the system, similar to the
overall ambient lifestyle feedback system architecture presented
in Figure 2.

fishes’ dance turns to a more elegant pattern. When the user
finishes brushing, the fish end their dance and resume their
normal activities. Both the activity of the fish and the movement
of the scrub are designed in such a way as to give the user hints
regarding the correct method of toothbrushing. Figure 5 shows a
scene from the aquarium during brushing.

Figure 7: Architecture of the Mona Lisa Bookshelf System

Figure 6: An egg laid by a fish (circled). Successful
incubation requires a clean aquarium.

Accumulated Feedback: The fish’s health is visibly affected
by how clean the aquarium is. If a user neglects to brush their
teeth, some fish fall ill and may even die. In contrast, faithful
brushing may result in the fish laying eggs (Figure 6). At first, the
eggs are not very likely to hatch. If the user continues to brush
consistently for a number of days in row, the incubation ratio
increases. This way, the accumulated feedback gives clues to the
correct behavior and attempts to maintain motivation over a
period of time.

5. MONA LISA BOOKSHELF
Resources shared by a number of people, such as a public toilet or
a bookshelf in a research lab, tend to deteriorate quickly in a
process called the tragedy of the commons. This happens because
each individual derives a personal benefit from using the resource,
while any costs are shared between all the users, leading to
reckless use. Garret Hardin, the ecologist who popularized the
concept, noted that this belongs to the category of problems that

Lifestyle Tracking: The tracking is based on optically
detecting books in the shelf. In the prototype system, visual tags
are attached to the spines of the books to facilitate their detection
and identification. Visual tags are also attached to the corners of
the shelf to determine its dimensions (Figure 8).
The detection system (Figure 9) comprises the following
hardware: a digital video camera (iSight by Apple), a highresolution digital camera (D50 by Nikon) and two infrared
distance detectors (GP2D12 by SHARP). The distance sensors
and the digital video camera are used to detect whether a user is
manipulating books in the shelf. OpenCV [32], a real-time
computer vision software library, is used to analyze the video
signal. As soon as a user is seen leaving the shelf, the highresolution still camera takes a picture of it and all the books
contained within it. Images captured by the still camera are
analyzed by the VisualCodes [27] software library, which
recognizes the visual tags attached to the books. The system is
shown installed in Figure 10.
Each visual code yields data regarding its position, alignment and
identity. This is then translated into context information that
describes the bookshelf’s width and height, which books are
currently contained in shelf, and how they are aligned and ordered.
This information is then passed to the feedback logic component.
Using this approach, we are able to observe bookshelf use

Figure 8: The visual tags shown
circled indicate corners of the
bookshelf to the system. Tags attached
to books spines enable tracking of the
books.

Figure
9:
Sensor
hardware
connected to Mona Lisa Bookshelf:
digital still camera (large circle),
digital video camera (oval), distance
sensors (two small circles).

passively without the need for any additional actions on the part
of the users.

Feedback Logic: In this prototype, the feedback logic aims to
encourage the following ideal behavior: 1) books should be
arranged correctly and aligned neatly; and 2) at least one of the
books should be read at least once per week. The correct
arrangement of the books is pre-programmed, and could be e.g.
alphabetical. User behavior is compared to this ideal, and
translated to feedback as described below. The system offers both
positive punishment and negative punishment to encourage
desirable behavior, and negative reinforcement to discourage
undesirable behavior.

Figure 10: Mona Lisa Bookshelf
prototype installation. The sensor
hardware is positioned to face the shelf
at a distance of approximately one meter.

Accumulated Feedback: In addition to the accumulated effect
of the pieces of the image being moved around, there is an
accumulated feedback mechanism that attempts to encourage
users to read the books once in a while: if none of the books are
removed from the shelf for over a week, Mona Lisa starts getting
visibly older. Figure 11 shows and example of an aged portrait.
As soon as one of the books is removed from the shelf (hopefully
to be read), she regains her youth.

6. EXPERIENCES FROM PROTOTYPE
SYSTEMS
In the previous sections we introduced the concept of ambient
lifestyle feedback systems and described two prototype
implementations. In this section, we present insights from the
design and user testing of the prototypes. The aim is to help in the
development of new systems that share similar components or
objectives.

6.1 Choosing a Presentation Metaphor

Figure 11: Two example outputs of the Mona Lisa
Bookshelf. The image on the left shows that some books are
tilted and in the wrong order. Some books are also missing.
The image on the right side indicates that none of books
have been picked up for a long time.

Feedback Presentation:
Immediate Feedback: When a book is removed from the shelf,
the corresponding piece of the Mona Lisa image also disappears.
If books are lying on their face or otherwise misaligned, the
pieces of the image also become misaligned, distorting the picture.
When the books are arranged neatly, Mona Lisa smiles contently.
The assumption is that users are aware of how da Vinci’s Mona
Lisa is supposed to look like, and as when completing a picture
puzzle, inherently prefer the correct solution to a distorted image.
The feedback thus provides clues and motivation for keeping the
bookshelf organized. Figure 11 shows and example of a distorted
image.

One of the first decisions in the process of designing the
prototypes was choosing an appropriate presentation metaphor for
the feedback. According to our third design principle, the
presentation style must be calm and able to integrate sufficiently
with the user’s daily environment. This rather abstract
requirement leaves a lot to the designer’s imagination. We chose a
mirror-turned-aquarium and a painting.
One rationale was that by masking computer displays as mundane
(non-interactive) objects, we enable them to blend into the
environment. The painting replaces an ordinary painting on the
wall, and although the aquarium is a more exciting medium than
plants or rocks (also considered in the design phase), it is still
easily ignored when necessary. Furthermore, cleaning an
aquarium is somewhat parallel to cleaning one’s teeth. The users
of Virtual Aquarium were able to understand the metaphor
quickly after the system was explained to them 2 . A similar
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We should also later consider how feedback information appeals to users
without any prior explanation, because ambient lifestyle feedback
information could appear anywhere to visualize a variety of aspects of a
user’s lifestyle. The concept of affordance could be a general guideline
to design linkages between activities and feedback. Product semantics

Figure 12: Four alternative virtual paintings
parallel can be drawn between keeping a bookshelf in order and
lining up the pieces of a puzzle. How directly analogous should
the measured activity and the presentation metaphor be remains
an open question.
When deciding what kind of imagery to use in the painting, we
conducted a minor pre-study involving the images shown in
Figure 12. The landscape painting has a tree that grows and
withers, the abstract painting has objects that change in size, and
the still life picture contains a changing number of orbs. In the
study, two laboratory members were given a step counter and told
that they should walk at least 8 000 steps every day to keep fit.
The number of steps was input daily into a computer, and screens
purporting to be paintings presented the feedback. The users were
then interviewed on which presentation metaphor they preferred.
Both users expressed preference of the tree and the Mona Lisa
over the abstract and the still life. The reason given was that more
figurative paintings were considered to be more “intuitive”. While
any visual representation can be used to relay information, shapes
that come with pre-attached meanings (e.g. “a tree withering is a
negative thing”) are more capable of evoking emotional
engagement. It is therefore important to remember this third
design principle when choosing a presentation metaphor. This is
also a key difference between ambient lifestyle feedback systems
and some earlier similar work, e.g. [12], [14] and [15].

6.2 Balancing between Reinforcement and
Punishment
Despite preferring figurative feedback over abstract, the users
sometimes criticized the artificially aged Mona Lisa as being
almost disturbing to behold. It was intended to be an averse
stimulus, so in this respect it succeeded. But is it necessary to
have averse stimuli, since by definition, users dislike them?

[20] could be one theory that helps to understand how feedback
presentation affords the meaning of the system.

Virtual Aquarium uses a lot of positive reinforcement to
encourage desirable lifestyle: the user is intended to get a pleasant
feeling from the dancing fish whenever teeth are brushed properly.
But the problem is that this may get boring after a while. In
operant conditioning, the concept of satiation refers to a situation
where the repeated use of a stimulus no longer has the desired
effect in the subject. In pigeon experiments food pellets cease to
be effective positive reinforcers once the birds have their
stomachs full. Since we are using emotional rather than
physiological stimuli, this issue can be quite hairy.
To combat boredom, we again refer to computer games. Games
provide a range of feedback from positive to negative,
reinforcement to punishment. Mona Lisa Bookshelf relies on
positive punishment in that it tries to deliver an unpleasant
experience whenever the user strays from the path of desirable
behavior. The problem with this approach is that if a punishment
is too harsh, the user may simply choose to stop using the system.
The key is to make sure that even though punishments are meted
out on the way, in the end the overall experience is favourable.
Good computer games arrange and schedule different stimuli to
provide an exhilarating ride. Hopson’s Behavioral Game Design
[13] is a good starting point for ambient lifestyle feedback system
designers in this respect.
In summary, we found that positive reinforcement and positive
punishment were essential feedback modes for motivating the user
because of their ability to provoke emotional responses. The
remaining types of feedback are important to enhance the effect
of positive reinforcement and positive punishment. Our
experiences with the current prototype systems suggest the
emotional engagement described in Section 3 is a powerful tool
for designing a user’s experience, but it would be helpful to
develop a guideline on how to balance the four types of feedback
when designing new ambient lifestyle feedback systems.

Figure 13: Brushing time for each morning (mo) and night (ni) of the study for each participant. Total brushing time is the
interval between start and end times of accelerometer use, while actual brushing time is the number of seconds the accelerometer
sensed movement.
While psychological models reaching beyond behaviorism are
outside the scope of the current work, we look forward to
addressing them in the future.3

6.3 Evaluating the Effects
After we had designed and built prototypes of ambient lifestyle
feedback systems, we obviously wanted to test whether such a
system would encourage changes in people's lifestyle patterns as
hypothesized. To this end, we designed a user study that evaluates
the effectiveness of the Virtual Aquarium in improving users’
toothbrushing patterns. The study consists of three phases, briefly
described below:
1.

For a set of test households representative of the general
population, a Cookie is attached to each person's personal
toothbrush. The households are then asked to continue their
normal activities, while daily toothbrushing patterns are
recorded. Once the patterns have stabilized over time (after
possibly spiking slightly due to the intervention), the study
is moved to the next phase.

2.

The Virtual Aquarium feedback components are introduced
to the households’ bathrooms while toothbrushing patterns
continue to be recorded. Once the patterns have stabilized to
a pre-determined degree over time, the study is moved to
the final phase.

3.

3

The feedback components are removed while toothbrushing
patterns continue to be recorded. Once the patterns have
stabilized to some pre-determined degree over time, the data
collection is concluded. Brushing records are analyzed to

One possible approach is found in Jordan’s pleasurable products [16].
Efficiency and productivity enhancing applications such as automated
shopping lists, to-do lists, and time and calendar management have
limited appeal in daily activities. In contrast, pleasure enhancing
products tend to diffuse much faster. Jordan’s guideline could be useful
in making ambient lifestyle feedback systems more pleasurable to
satisfy some higher level motivations of a user.

find out the effect that the introduction of feedback had on
the patterns and to what extent the effect seems persistent.
We did not have the resources to carry out the study in a scale
necessary for statistical validity, but a 8-12-day pilot study was
conducted last year. The participants were three male and four
female volunteers from three households associated with the
researchers. All of them are Japanese. Figure 13 shows how the
recorded toothbrushing time per session for each participant
changed during the study. In all cases, the brushing times were
less than three minutes per session at the beginning of the study,
and increased to over three minutes when the Virtual Aquarium
was introduced. When the feedback system was removed the
times fell back, yet mostly remained higher than their initial
levels for the remainder of the study. How well the sensor data
describes actual behavior obviously critically affects the validity
of the results. Users could have cheated the system by waving the
brush in their hands. Whether this should be seen as a problem
depends on who is using the system on whom. In a concluding
interview, the participants of this study self-reported that their
brushing patterns had in fact changed, at least for the time being.
During the study, participants were not always able to use the
system in the way they wanted to due to one reason or the other.
Failing to wake up in time and having little time to spend on
toothbrushing was a common occurrence. Users could also not
use the system when spending a night elsewhere than one's own
home. In these cases they indicated that they were frustrated by
having to neglect the system. Future ambient lifestyle feedback
systems should be able to support increasingly nomadic lifestyles
to be useful, meaning that feedback should be available anywhere
at any time.
It is also worth mentioning that five of the users said that their
families became interested in the status of the aquariums, e.g.
following the changes in the number of fish. Virtual Aquarium,
and by proxy the behavior of the user, became something of a
topic of daily discussion in these families. In the future we might
wish to investigate the use of ambient lifestyle feedback systems

as a social media that brings users closer to their family members.
In any case, the results suggest that ambient lifestyle feedback
systems are quite acceptable to most people.4 There is even reason
to believe that comparable systems are becoming widespread.5

7. FUTURE POSSIBILITIES
7.1 Applying More Complex Models
The key concept of this paper, “shaping” human behavior through
technology, may seem distasteful to some readers, particularly so
as it has been phrased in unapologetic behaviorist terms.
Behaviorism takes a very mechanistic view of the subject and
does not give much credit to free will. As a theory of behavior
and learning, it has since been surpassed in many areas by
cognitive and motivational theories. However, we chose the
simple behaviorist model, because it translates easily to an
engineering design involving the feedback loop and various kinds
of feedback. The more evolved theories do not contradict this
design, even if they do express healthy reservations about it.
While the moral implications of persuasive technology are outside
the scope of this paper, we believe that it makes a world of
difference who is using the technology on whom. In some areas,
such as dental hygiene, some reasonably uncontroversial ideal
patterns can be deduced from e.g. medical literature. In most areas
though, the ideal should be thought of as the personal preference
of the user and not a statement of objective truth. B. F. Skinner
advocated the use of operant conditioning on children, and was
widely derired. But as self-help systems to help attain personal
goals, feedback systems are uncontroversial.
In the current prototypes, the feedback logic component is
programmed with only a superficial understanding of behavioral
psychology. In future implementations, programmers could team
up with psychologists to produce feedback logic that accurately
leverages the most pertinent psychological theories, hopefully
resulting in a better effect on the user. For instance, a perspective
that was considered in the design phase but not explored much in
the current prototypes is the social aspect. If your fish seem
unwell, will your family intervene? Could ambient lifestyle
feedback systems give rise to peer pressure or competition
between individuals? Can such social and competitive forces be
anticipated in design, or even detected by the ambient devices,
and directed to useful ends?
It was established earlier that merely informing people about
correct lifestyle choices is not always enough to effect changes in
actual behavior. Some sort of additional motivation is necessary.
4

5

Some users of Virtual Aquarium that otherwise consider playing games a
waste of time said they liked to play it. Recently Nintendo began to sell
Wii Fit, a game that bring serious gaming to homes [23]. In Japan, many
serious games for education are already popular and many people
including young women like to play them while e.g. commuting.
In the urban Japanese lifestyle, many young people have been playing
games every day, but now their gameplay time is diminishing due to
alternative activities. Some participants pointed out that Virtual
Aquarium satisfies their wish to play games. Especially young users
accepted our games because gaming is already a part of their lives. They
already recognize some serious games as usual games and play them
every day.

We phrased this in the behaviorist terms of having to be able to
provide reinforcement and punishment. Instead of physical stimuli,
we proposed the use of emotionally engaging game-like content
for this purpose. Our first prototype incorporates a virtual
aquarium resembling a simulation game, and the second prototype
has a feedback system resembling a puzzle. Tamagochi or Sim
City style virtual nurturing and building simulations may be
especially suited for this purpose. In each case, a key challenge is
likely to be maintaining users’ interest over a period of time,
something not explored much in this project.

7.2 New Technologies and Applications Areas
The availability of suitable sensor technologies presents obvious
limits to the applicability of this approach to various areas of
lifestyle (e.g. calorie intake) and to providing nomadic service.
On the other hand, the data need not come from sensors installed
exclusively for the purposes of this application. Data could be
derived from the multitude of sensors contained in other systems,
as well as the Internet and other digital media and services used
by the individual. For example, a start at calorie intake
measurements could begin with credit card data and refrigerator
RFID readings, combined with Cookie-embedded utensils to
allow for timely feedback at the dinner table. Nomadic
applications could make use of the mobile phone6.
There are also interesting alternatives in ambient presentation
technology. In [21], the growth of a real plant provides ambient
information to the user. Easily deployable lighting technologies
that allow the color and saturation of room lighting to be changed
dynamically are already widely available [24]. Colors are a well
known way of subliminally affecting emotional states. Future
media for providing feedback may be found in a variety of new
materials [26]. Progress in new materials will expand the role of
daily objects to express a variety of feedback information
naturally. One question that becomes apparent when new
feedback mechanisms are explored is how to ensure the user
understands where to receive feedback.
In the future, we plan to apply our approach to various aspects of
daily life. In a future scenario where a ubiquitous computing
technology is deployed on a pervasive scale, users can expect to
receive feedback information anywhere at any time. However, if
the approach is too naive, such a scenario could easily become
information overload nightmare regardless of how calm the output
is. An information explosion that increases mental stress reduces
the quality of life. Interplay between different feedback systems
and other information outputs needs to be considered. In the
future scenarios, a variety of services will be embedded in our
surroundings. We need a better way to find and select desirable
feedback systems in public spaces when they are invisible to the
naked eye. The Vidgets system [28] is one possible direction
towards solving the problem.
A particularly interesting potential application area for ambient
lifestyle feedback systems is energy conservation. With
increasing concern over climate change, there is a widespread
6

In domestic environments, Everywhere Display [25] is a promising
technology to present feedback information. It changes every flat
surface to a touch-sensing display.

awareness of the need to reduce domestic energy use. In practice,
however, people find it difficult to turn awareness into concrete
lifestyle changes, like turning off the lights or the TV when not in
use. Carefully designed calm yet emotionally engaging feedback
for all the relevant actions could make a concrete difference.

[13] J.Hopson, “Behavioral game design”, Gamasutra, April 27, 2001

The basic concept has potential to be utilized in more futuristic
services as well. For example, presenting a person’s preferred
appearance in a mirror to motivate desired changes in lifestyle is
one possibility. A future mirror could show a user wearing a new,
virtual set of clothing or located in a different location, in effect
reflecting who the user wants to become instead of who they
currently are. Such a system could also motivate purchase
decisions, creating a new approach to future advertising.
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