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Abstract A thorough appreciation of physical, social,
interactional, and psychological contextual factors is
crucial in the design of ubiquitous computing applica-
tions. This paper investigates the benefits of a method
called bodystorming for carrying out design sessions in
the original context, ‘in the wild’, instead of the office. A
location is selected that is identical or similar to the
original environment. Innovation, carried out on-site, is
based on ethnographical data presented as concrete de-
sign questions. Individual solutions to design questions
are brainstormed and discussed on-site. Facets of data
collection and preparation, formulation of design ques-
tions, selection of locations, session administration, and
evaluation of design ideas are presented. We found that
bodystorming permits immediate feedback for generated
design ideas, and can provide a more accurate under-
standing of contextual factors. Bodystorming sessions
were found memorable and inspiring. It is best suitable
for designing for activities that are accessible and unfa-
miliar to the researchers.

Keywords Bodystorming - Brainstorming -
Context:Context-awareness - Ubiquitous computing -
User-centered design

1 Introduction

1.1 Understanding contextual factors
in ubiquitous computing

Mark Weiser, widely acknowledged as the father of
ubiquitous computing, envisioned ubiquitous computing
as a technology embedded in the physical environment,
providing useful services without disturbing the natural
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flow of human activities [1, 2]. Ubiquitous computing
would ““fade into the background” and incorporate what
he called “‘natural user interfaces”. Guided by this vision,
researchers’ attention was drawn to the question of what
detectable attributes of the context are important in
making the user interface seem natural. Awareness of
these contextual attributes was seen as a prerequisite for
introducing ubiquitous computing products into every-
day activities. Early research in context-awareness can be
characterised as an attempt in finding universal context
attributes that would be needed for many (or all) ubig-
uitous computing applications (see Pascoe et al [3]; for a
critical review, see Dey [4]). Some attributes, such as
location and time, were indeed repeatedly found impor-
tant for many applications. Today, however, many
researchers would agree that a more worthwhile approach
is to determine the contextual attributes for each appli-
cation individually (e.g. see Personal and Ubiquitous
Computing (Vol 5 No 1) or Human-Computer Interaction
(Vol 16 Nos. 2-4)). The overarching goal in the design of
any ubiquitous computing application s, then, to discover
the specific physical, social, interactional, and/or psy-
chological contextual factors that are important in mak-
ing the flow of human-computer interaction natural.

A variety of user-centered design process models have
been proposed for this purpose [5-8]. All models sub-
sume following three stages: (1) observation of user
activities; (2) documentation of the observations; and (3)
design based on the documentation. Data collection
methods typically draw from anthropological and eth-
nographic research orientations (e.g. Emerson et al [9]),
whereas documentation methods can range from story-
like descriptions of actions (e.g. Cooper [7]) to system-
atic turn-by-turn ethnographic transcriptions of the
event (e.g. Hutchby and Wooffitt [10]) to box-and-arrow
diagrams depicting different aspects of the activity (e.g.
Beyer and Holtzblatt [5]). The purpose of the two first
stages is to provide enough information for the last stage
to design the context-aware system. Within these mod-
els, the quality of design ideas crucially depends upon
the quality of the documents.
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During years of user-centered study, our research
team has become aware of three consequential short-
comings. First, because studied activities are complex,
documents representing this complexity, unless ex-
tremely carefully written, are long and complex. With-
out a substantial investment of time in studying
documents, adequate understanding of context is not
achieved within the design team. Second, because all
documentation is based on interpretations of one indi-
vidual, documents are inherently inaccurate or biased.
As a researcher observes user activities, s/he already
pays attention to some aspects while disregarding others.
As observations are documented, meaningful interpre-
tations are given and missing information is filled with
prior knowledge about the phenomena. This recon-
struction leads to omissions, irrelevancies, and distor-
tions in documents. Thus, designs would too often be
based on misconceptions of the problem domain. Third,
it is often practically impossible to notice or correct
these misconceptions without conducting another round
of observation or documentation, or both.

1.2 Potentials of bodystorming

The primary purpose of this paper is to present and
evaluate a possible solution to these shortcomings,
termed elsewhere as bodystorming [11]. Briefly stated, the
method is as follows: Before a bodystorming session, a
preliminary observation and documentation is con-
ducted. From the documents, interesting phenomena are
selected and edited into easily readable design questions
(see Fig. 2). A design question represents the phenom-
enon as a problem in the events, experiences, and/or
practices of users. Participants go to a representative
environment, e.g. if studying shopping malls, designers
will go to a representative shopping mall. One design
question at a time is given to participants. The attempt
to solve the problem occurs in a place where the phe-
nomena (or parts of them) are directly observable. This
is in direct contrast to what we call here ‘traditional’
brainstorming, which is conducted in office environment
unrepresentative of the studied environment. In some
cases, to encourage further re-enactment, participants in
a bodysession are not just passive observers but are
asked to act out the activities. Generated ideas are re-
corded on-site and later discussed and elaborated in
groups.

We argue that bodystorming can reduce the amount
of time needed to study documents of user observations.
People can more quickly and with less effort build a
mental model of the surrounding, directly observable
environment. In contrast, in traditional brainstorming,
documentations of contextual factors, be they textual or
pictorial, tend to be lengthy and take long to study. The
key idea in bodystorming is that the descriptions of a
problem domain (i.e. design questions) given to body-
storming participants can concentrate more on the
description of aspects of the problem that are not

observable, e.g. psychological (e.g. user needs), social
(e.g. interpersonal relationships) or interactional (e.g.
turn-taking in conversations). We also hypothesise that
bodystorming can enhance the accuracy of conceptions
of the problem domain. Many potentially important
aspects that are omitted from documents of situated
action may be directly observable in a bodystorming
session and erroneous conceptions in documents may be
rejected. Finally, we hypothesize that bodystorming
enhances design ideas by permitting the evaluation of
invented design ideas already on-site. Simulation and
testing of generated ideas is easier and less error prone
when the physical environment with its relevant con-
straints and affordances is directly observable. In tradi-
tional brainstorming, no feedback is available for this
purpose. In addition, we believe that directly observable
environment — in comparison to one based purely on
documents — can free mental resources for decision
making, problem solving, and reasoning needed in the
design phase. Indeed, externalising representations, in
comparison to keeping them in working memory, is
known to reduce cognitive workload [12]. Moreover,
contextual cues help retrieving relevant personal mem-
ories more effectively [13]. Contextual cues also facilitate
recognising analogies in personal knowledge [14].
Moreover, contextual cues can facilitate directing
attention to important features [15]. These properties of
bodystorming, we believe, can make it suitable particu-
larly for the design and innovation of ubiquitous com-
puting applications.

1.3 Precursors of bodystorming

The idea of bodystorming is not novel, but its applica-
tion to ubiquitous computing is. Apart from information
technology products, designers have applied ‘hands-on’
approaches to the design of physical problems already
in the 1960s. In the IT development, the method
has emerged relatively recently. The term bodystorming
was coined by Burns et al [11] while designing a com-
puter workstation for a hairdresser who insisted that a
computer “would not help her to run her business.”
Burns et al created a small-scale project studio where the
design team acted and improvised based on collected
observational data. They used low-fidelity mock-ups to
present design ideas in the course of innovation. They
conclude: “By designing in an enactive way, we were
able to build an increased empathy for the people that
we had identified as the users we were designing for.” A
year later, Burns et al [16] defined bodystorming as
“reenacting everyday peoples’ performances and living
with data in embodied ways by performance and
improvisation.”

In their recent paper exploring a method they call
experience prototyping, Buchenau and Suri [17] describe
a bodystorming case where they investigated passenger
needs for a new rail service by role-playing and impro-
visation during a real train journey — instead of using a



studio with props like Burns et al [11]. Scenes were
introduced to the participants with cards and a profes-
sional actor acted as the supervising moderator. All
ideas were documented during breaks after each scene.

Our attention was drawn to bodystorming when we
realised that ‘hands-on’ experience could enhance design
ideas specifically in the design of ubiquitous computing.
We noticed that the particular researchers that collected
the data were always better than others in the team in
understanding the phenomena, coming up with design
ideas related to their studies and evaluating them criti-
cally. Bodystorming could provide every member of the
design team this kind of first hand experience. We also
noted that some of our problems in developing contex-
tually intelligent applications might stem from the fact
that the existing models of user-centered design focus on
well-defined tasks carried out on desktop-based com-
puters where contextual attributes do not play as
important role.

Bodystorming is, essentially, simply brainstorming
conducted ‘in the wild’. Brainstorming is not the only
method for inducing creative ideas in design (e.g. We-
isberg [18]), and not necessarily even the most suitable
for our purposes. The key idea studied about body-
storming in this paper, however, is not the idea of using
brainstorming for inducing creative ideas, but the idea of
‘being there’ and living with data in embodied ways.
Bodystorming involves being physically present in the
context of interest instead of staying at the office that has
no real resemblance to the context of interest. We note
that there are numerous modifications to brainstorming
mentioned in the literature. For example, in their recent
book, Kelley and Littman [19] suggest seven habits for
successful brainstorming: (1) sharpening the focus, (2)
not critiquing emerged ideas, (3) indexing invented
ideas, (4) monitoring different stages of ‘jumping and
building’ during brainstorming, (5) externalizing ideas
for others to see, (6) doing mental exercises to ‘warm up’
the brainstorming group, and (7) getting physical by
bringing real material to the brainstorming session or by
situating brainstorming physically. In addition, Kelley
and Littman stress that brainstorming methods should
be practiced on a daily basis to be effective. Some
practical considerations like these are briefly presented
in our case study. Many of the good practices in
brainstorming are compatible with bodystorming.

2 Four case studies

In the following we present four case studies. Our pri-
mary purpose is to present the method and its varia-
tions. The three important factors considered in the case
studies are (1) the richness of information given to
participants, (2) the potential benefit of acting on-site,
and (3) the degree of similarity of the bodystorming
environment to the studied environment. We go through
in concrete detail how to conduct bodystorming. We
report our reflections of how these variations affected
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the session and generated innovations. We also compare
the quality and quantity of generated ideas obtained in
these four bodystorming sessions and other traditional
brainstorming sessions conducted by our team. By
comparing expert sociologist’s comments of the acquired
results from traditional versus the bodystorming session,
we provide a tentative evaluation of how important
‘being there’ is for understanding contextual factors.

2.1 Preliminary data collection

In our project, BETWEEN, at the Helsinki Institute for
Information Technology, we are innovating product
concepts for ubiquitous computing technologies by
employing user-centered design methods. Altogether 25
people from five different user groups participated in our
user research: elderly, young singles, journalists, ama-
teur actors, and middle-aged apartment house neigh-
bors. Data were collected in a series of focus groups,
photo diary review sessions, interviews, and participa-
tory observations conducted during summer 2001. All
observations were documented in a story format (fol-
lowing Erickson [20]). (For a more detailed description
of our method, see 4. Kankainen and Oulasvirta [21]).
Our next task, together with our industrial partners, was
to design product concepts based on the data. A series of
bodystorming sessions were conducted for this purpose.

2.2 Case 1 — Bodystorming in original location

Purpose of this session was to try a ‘full-fledged’ body-
storming by conducting sessions in the original places
visited by our elderly user group. At this point we had
collected observational data and documented them in a
story format. From the set of all stories, five places that
were frequently visited and conveniently near each other
were selected. Places included an old age service house,
subway station, the subway, a mall, and a grocery store
at a mall (see Fig. 1). A whole day was spent on body-
storming in these locations in Helsinki.

Before the session, three researchers had examined all
the stories related to each selected location to find
recurring problems in carrying out activities in those
locations. Problems were formulated as design questions.
For example, we found that users in the elderly group
often had difficulties in finding products at the mall.
Consequently, we formulated a design question related
to remembering what to buy and what was bought
(see Fig. 2). We enclosed 1 to 3 stories (about half a page
each) taken from our data to accompany each design
question to facilitate concrete understanding of the de-
sign question. Design questions and related stories were
stapled together and put into a carton folder that was
delivered to each participant.

Ten bodystorming participants consisting of
researchers and industry representatives were divided
into two groups of five people. All of the participants
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Fig. 1 Conducting bodystorming at a grocery store. Benches located
near cashiers’ desks provided a convenient place to observe customer
activities without disturbing them. Carton folders were provided for
hand-outs to support writing and preventing from losing papers

had at least a moderate knowledge of ubiquitous com-
puting technologies. Within both groups, one researcher
acted as a moderator and one researcher as a group
leader. The moderator wrote down all ideas emerged in
the discussions, and the group leader introduced partic-
ipants to the design problem, decided when to conclude
and to continue to next problem, and when to move to
next location. On each location, one design question at a

Fig. 2 A design question in Case
1 included a short title describing
the problem, 5-10 lines of con-
crete description and a summa-
rizing question. To facilitate the
understanding of the practical
aspects of the problem, few
longer stories from user data
were enclosed

time was introduced to participants. The task was to
propose a ubiquitous computing device that solved the
problem. Each participant thought about the particular
problem at-hand alone for 10 minutes and wrote down
ideas to paper. These design ideas were then introduced
to the group and discussed on-site, when possible. Based
on the discussion, the group wrote down ideas as sce-
narios. A scenario (see Nielsen [22]) depicts a user, a
problem, and a technological solution to the problem in
a storylike format. Drawings and written text were used
as media for scenarios.

In comparison to Cases 2 and 3, less effort was spent
for preparations — one researcher selected the pieces
from data related to the selected places, and on that
basis another researcher made the design questions. In
addition to preparation costs, we noticed that body-
storming conducted in this manner was exhausting for
the participants and required several breaks during the
day. Finally, we conducted a preliminary quantitative
evaluation of the generated design ideas by calculating
the proportion of ideas later accepted by our industrial
partners for further development. This bodystorming
session was moderately productive in this regard in
comparison to other cases. We further discuss Case 1 in
Sect. 2.5 and in the final section.

2.3 Case 2 — Bodystorming in similar location

The purpose of this bodystorming session was to
investigate the possibility to conduct bodystorming in an
easily accessible ‘real-world’ location that was not
identical but only resembled the location visited by our
users. In comparison to Case 1, where all the body-
storming locations were places visited by the users, the
café in the present case was one from the office building
of the authors. It was never visited by any of the users. It
was thought that the selected café would share the
essential contextual properties of those cafés mentioned
in our data. In many respects, it was different, however.
The table occupied by the participants was close enough
to customers to make observations, but distant enough
not to disturb them (see Fig. 3).

Forgetting Product Information

Buying product supplies, for example writable CD’s for a CD-RW, may require
remembering several pieces of information about the product. On the other
hand, some times we would like to remember specific details about some
products we have seen at a store. For example, Elisabeth, an elderly woman,

likes to browse new cosmetics products at her favorite supermarket. Since she
is allergic to some ingredients, she has to carefully examine product

information.

Q: How could technology help elderly people in remembering product

information?



Fig. 3 Bodystorming session in a café resembling those visited by
users. In many respects, however, it was different: The customers were
businessmen instead of young urbanites and the view from the café
windows was of seaside instead of city streets. The table occupied by
the participants was close enough to customers to make observations,
but distant enough not to disturb them

Materials and preparation were similar to Case 1.
Design questions were elicited from a variety of stories
related to cafés (see Fig. 4). This time, however, stories
were not enclosed with questions. Only two design
questions were included in this session.

Participants were mainly the same as in Case 1.
Again, participants were divided into two groups of five
people. The two groups went to two different cafés. In
other respects, the method was similar to that described
in Case 1. A question was introduced and each partici-
pant considered it alone for 10 minutes. All generated
design ideas were then discussed within the group for
approximately 20 minutes. In both groups, one re-
searcher acted as the moderator and another as the

Fig. 4 A design question in Case
2. No stories were enclosed with
design questions in Case 2

Evaluating People
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group leader. The moderator wrote down all design
ideas that emerged in the discussions. Afterwards, the
two groups gathered back in the office. Moderators
presented design ideas, which were then further dis-
cussed. Based on this discussion, the moderators later
wrote down the design ideas as scenarios.

As measured by the number of product concepts
later selected for further development, this session was
not very productive. However, it was also the shortest.
Since the context, a café, was very familiar to the
participants, generated ideas were dominated by
examples drawn from participants’ own experiences in
similar situations. Nevertheless, there was much dis-
cussion and evaluation of the innovated ideas. This
kind of ‘what if’ talk was based on observing customers
in the café — ideas were ‘tested’ on-site, as we proposed
in Introduction. A café¢ seems to provide a relatively
relaxed environment necessary for this kind of elabo-
rative discussion.

2.4 Case 3 — Bodystorming at office

The purpose of this bodystorming session was to
investigate the possibility to conduct bodystorming in
our own office. Without staging (see Case 4), we had to
focus on only one of our five user groups, the journalists,
whose user data were collected from an editorial office.
The editorial office was, however, not accessible to a
group of 12 outsiders. We thought that our own office
would be similar enough to regard the session as body-
storming. It was different, however, in many important
respects. For example, our office space had some open
areas but mostly spaces separated by doors and high
dividers (see Fig. 5), whereas the editorial office was an
all open area, with low space dividers. In our office,
majority of contacts to co-workers was made by email or
phone calls, whereas in the editorial office, communi-
cation was mainly face-to-face and so on. None of the
editorial activities were observable in our office. Because
of these and other dissimilarities, this case was the
‘weakest’” bodystorming case presented here when con-
sidering the similarity between the bodystorming loca-
tion and the studied location. Participants were required
to imagine and mentally reconstruct many contextual
factors of editorial office that were not present in our
office environment (see Fig. 5). Had we not used office

After work, Maria (23 yo) and Josefina (22 yo) can easily spend hours at Café Kafka.
They like the big windows there. Josefina says that they can just sit there and look

at all the people passing by, knowing that the people being watched cannot see

them. They can freely talk about clothes and hair-dos of the by-passers.

Q: Observe people in one of the cafés downstairs. Design a system for
categorizing and evaluating people.



Fig. S Bodystorming in an office. Resemblance to the studied
environment, namely an editorial office, was minimal. Participants
were thus required to imagine and mentally reconstruct many
contextual factors that were not present in the directly observable
office environment

related design questions, we would have considered this
as a regular brainstorming session.

Stories of the journalist user group were examined
beforehand to find interesting phenomena. Observed
phenomena were formulated as design questions (see
Fig. 6). No stories were included this time.

Participants were the same as in Case 2. Again,
participants were divided into two groups of 5-6 people.
Participants were given handouts describing the questions
to be solved. Each participant considered the problem
at-hand alone for 10 minutes, after which proposed
solutions were documented and discussed in group for
20 minutes. Within both groups, one researcher acted as
the moderator and another as the group leader. The
moderator wrote down all ideas emerged in the discus-
sions, and the group leader decided when to conclude and
continue to the next problem. Afterwards, moderators
presented the group’s results to all participants and
solutions were again discussed. Based on this discussion,
moderators wrote down scenarios.

This session was considerably productive when mea-
sured by the proportion of innovated product concepts
that were selected by our industrial partners for further
development. The session was least time-consuming as it

Fig. 6 A design question in Case
3. No stories were enclosed

concerns preparations — one researcher examined stories
suitable for the office context and formulated questions
of interesting phenomena. However, we found that de-
sign ideas were dominated by participants’ vast body of
prior memories related to office environments, most
likely because the similarity between the editorial office
and our office is minimal. The bodystorming context
thus acted as a trigger for office related memories, but
did not encourage understanding of the particular situ-
ation. Thus, in cases where the studied location and
activities are apparently familiar to the participants, the
advantages of bodystorming over brainstorming may be
negligible.

2.5 Case 4 — Bodystorming and acting
in a staged office

The purpose of this case study was to bodystorm in a
staged office. It was thought that staging would also
allow us to try acting, which was impossible in Cases 1
and 2 where acting would have attracted unnecessary
attention of real customers. Acting was thought to
encourage empathy towards users. We thus expected
that design ideas would be more sensitive especially to
interactional and sociological contextual factors. The
session was conducted indoors in our office space. The
office was staged to resemble locations described in se-
lected stories. Staged contexts included a cafe, bus
interiors, a nightclub, and a bus stop (see Fig. 7).
Participants were mainly the same as in Case 1. After
introducing the participants to the brainstorming pro-
cess, they were divided into pairs. The pairs were evenly
distributed to three checkpoints. In each checkpoint
there were two researchers. In each checkpoint, 3-5
design questions (see Fig. 8) had to be solved by acting.
Each participant played one role in the script. Partici-
pants were introduced to their roles and the design
problem. Acting was carried out to the point where the
problem occurred. The pair’s task was to generate design
solutions ad hoc. One researcher acted as the moderator
and another as the group leader. The moderator wrote
down all ideas that emerged in the discussions, simulated
the innovated design ideas in use, while the group leader
introduced participants to the problem and their roles,
and decided when to conclude and guide participants
to the next checkpoint. To encourage empathising,

Informal Collaboration in Office.

Tero, an office worker in senior position, has the habit of fetching coffee from the
office kitchen several times a day. After refilling his coffee mug, he usually stops by
some co-worker’s desk and talks about work-related topics. When Tero returns to his
desk with the coffee mug, he often e-mails additional material to the co-worker.

Q: Think of other possible ways to enhance and invite informal collaboration in an

office environment.



Fig. 7 Bodystorming and acting at a staged bus stop in Case 3. A
cabinet with a ‘bus stop’ sign (in the background) was a marker for
the bus stop. Participants were trying to solve a proposed problem by
inventing ubiquitous computing technology applications. The narrow
hall represented a narrow halting place with limited personal space.
One researcher (on right) acted with participants

researchers asked such questions as: “What would your
character do in this situation?”” To probe innovation,
researchers asked: “How could ubiquitous computing
technology help in this situation?” If the proposed de-
sign was based on an old technology (e.g. mobile phone),
the moderator probed further thinking by asking par-
ticipants to propose alternative solutions; for example:
“What other solutions can you imagine?” or “Is there
something in the environment that could involve ubiq-
uitous technology?” Some of the innovated ideas were
simulated with paper mock-ups quickly drawn by a re-
searcher. Proposed solutions were then acted with the
mock-ups. Afterwards, collected ideas were discussed in
a larger group. Based on this discussion, moderators
wrote down design ideas as scenarios.

Fig. 8 A design question in

Missing a Bus
Case 3
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This session was moderately productive when mea-
sured by the number of innovated product concepts se-
lected for further development. However, some
drawbacks were observed. Some participants com-
mented that acting was difficult. Indeed, within only one
session of practice, it can be hard for, say, a 40-year-old
businessman to play a role of, say, a 20-year-old single
woman. In such a situation, acting seemed as an
unnecessary factor frustrating participants. This frus-
tration was often managed by jokular overacting, very
much opposite to the original goal — that is, emphasising
users in action. This is understandable, because, in
contrast to Buchenau and Fulton Suri [17], we did not
have a possibility to practice acting in the guidance of a
professional actor. Participants also felt that the method
of ‘forced innovation’ (requiring participants to come up
with new technological solutions) was exhausting,
especially when it required imagining some aspects of
our world as unexisting. For example, the participants
insisted that many of the problems could be handled
with a simple mobile phone call, which was categorically
excluded by the method. Because innovations could not
be built on existing practices and technologies, some
ideas turned rapidly into science fiction, which again
amplified the negative loop and made acting even more
difficult. Requiring pairs to innovate a proper solution
to every problem on-hand, however, enabled us to
gather rather many independently generated ideas. In
addition, necessary preparations for the session, such as
setting up the work place to resemble user data loca-
tions, selecting suitable stories, formulating questions,
and sequencing the checkpoints to form a temporal
continuum were time-consuming, requiring approxi-
mately two days of work from four researchers. More-
over, acting and playing with the paper mock-ups was
rare due to implicit assumptions on the “obviousness”
of the proposed solutions.

2.6 Evaluating results

We shall now discuss whether ‘being there’ in design
session has any value for ubiquitous computing com-
munity. It was speculated that bodystorming would re-
duce the amount of time needed to get familiar with the
data. There seems to be at least two threats to that

Ann-Sofie has promised to her friend Berta that she would take care of Berta’s
children this evening. On her way to Berta’s house, and having picked up own her
kids, Ann-Sofie stops at a fast food restaurant to eat. After finishing her lunch, Ann-
Sofie takes her kids with her and rushes to a bus station at Kamppi. Unfortunately,

they miss the bus.

Q: When is the next bus leaving? How could Ann-Sofie inform Berta about being
late? How could an ubiquitous computing service help Ann-Sofie in this situation?
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benefit. First, preparation costs in bodystorming are
considerable, especially with staged contexts (Case 4).
Secondly, training costs are also noticeable. Since this is
a novel method, participants must be trained during
several sessions. Only over several sessions can body-
storming eventually become less time-consuming than
brainstorming.

In the Introduction, it was also proposed that body-
storming would facilitate the acquisition of more accu-
rate conceptions of the problem domain. To evaluate
this claim, we decided to compare the design ideas
generated in our traditional brainstorming sessions to
those generated in the four bodystorming cases'. This
comparison is justified, since the methods in body-
storming and non-bodystorming sessions were very
similar. Brainstorming sessions were carried out in our
office in a similar fashion as bodystorming: Participants
were divided to pairs or small groups and given sets of
stories describing activities related to the same phe-
nomenon. In contrast to the bodystorming sessions,
however, design questions were not given, but partici-
pants themselves had to find interesting patterns from
the stories. Each pairs’ task was then to create a scenario
as in bodystorming. Brainstorming sessions were carried
out interspersed with the bodystorming sessions.

We first compared the mere number of ideas between
the two methods. There were no differences in the
number of ideas selected by our industrial partners for
further development. No salient qualitative differences
were found when we compared ideas collected by the
methods side-by-side. Ideas gathered from traditional
brainstorming sessions did not seem to be more or less
‘sensitive’ to physical, social or interactional details than
ideas from bodystorming sessions. Finally, we asked an
interaction-oriented sociologist to evaluate our scenar-
ios’ sociological and interactional plausibility. His
comments were categorized as negative (i.e. doubts
whether users would actually behave in a way described
in the scenario) or positive. For brainstorming and
bodystorming, 43% and 42% of the scenarios were
satisfactory, and 33% and 32% of them unsatisfactory,
respectively, according to the expert. However, it should
be kept in mind that these comments represent opinions
of only one expert, who was not able to thoroughly
consider the issue in the limited time frame, and that the
underlying data set is small. In sum, both methods
seemed to be equally ‘sensitive’ to contextual factors.

Nevertheless, when we examined the ideas as a tem-
poral continuum starting from the first session, we made
an interesting observation: Several ideas that emerged
during bodystorming sessions were ‘reinvented’ in later
sessions, be they brainstorming or bodystorming. It
seemed that the ideas invented during bodystorming

! Since it would be unfeasible to present all scenarios, and because
some of them are selected by our industrial partners for further
development, we do not present the scenarios here. However, some
scenarios are presented in another paper by A. Kankainen and
Oulasvirta [22].

were highly memorable and inspiring. Enacting activities
is known to facilitate later recall [23]. Bodystormed
experiences might indeed be better remembered and
utilized in later design sessions. We also observed that
researchers, after a bodystorming session in a previously
unfamiliar place, were more eager to further continue
with stories related to that place or related activity.
Bodystorming thus seems to inspire researchers to get
familiar with new contexts (e.g. elderly service house in
Case 1).

We acknowledge, however, that the evaluation pre-
sented here is tentative. Complex creative processes like
bodystorming or brainstorming are difficult to subject to
rigorous experimental control. Several factors are con-
founded when comparing results from the present case
studies to results from brainstorming sessions: partici-
pants were different from one session to another; lengths
of the sessions were different; different questions were
asked and different stories studied in different ways; etc.

The third claim made in the Introduction was that
bodystorming allows us to ‘test’ our hypotheses on-site;
that is, directly observable environment allows simulat-
ing or imagining how the generated ideas will appear. In
Case 4, where mock-up simulation of ideas was required,
testing did not work out as well but only caused frus-
tration. In Case 2, however, we noticed that participants
spontaneously evaluated the proposed ideas by discuss-
ing what contextual factors could hinder their use.

3 Discussion

This paper presents a first attempt to use bodystorming
in the design of ubiquitous computing applications. The
first purpose was to present the method. We presented in
detail how data was collected and prepared for the ses-
sions, how the design questions were formulated, how
the bodystorming locations were selected, how the ses-
sions were administered, and the collected ideas evalu-
ated. Across the four case studies, the importance of
three factors were studied:

1. Similarity of the bodystorming environment to the
studied environment was considered an important
factor, and identical or very similar locations pre-
ferred over staged, because of getting accurate con-
ception of the studied activity. The ability of
bodystorming participants to observe the environ-
ment directly is necessary. In carrying out body-
storming sessions, one should favor selecting easily
accessible locations where the design team can have
an unobstructed view to the activities.

2. Acting out was observed to be frustrating and causing
costly preparations. It was speculated, however, that
acting could be useful in the long run when partici-
pants can get used to the method.

3. Inclusion of stories from user data to accompany
design questions was considered useful, although not
necessary.



Concrete stories can help researchers to focus partici-
pants’ attention to different aspects of context that
would otherwise easily go unnoticed. In addition, we
stress the importance of a skillful group leader that is
able to probe participants to discuss how design ideas
would work in the observable context. Moreover, we
noticed that independent of the quality of the instruc-
tions given or roles taken, participants inevitably par-
ticipated bodystorming as themselves. To be freed from
tensions and reservations is not always straightforward
because potential social sanctions are not projected to
our role characters but to ourselves as employees, bos-
ses, clients and producers.

An observed limitation to the method is that some
activities or locations are not accessible. Some locations
are not physically accessible. For example, entering pri-
vate homes is often out of the question. In such cases,
staging might be an option (Case 4). Some activities, on
the other hand, are not cognitively accessible. Such
activities require prolonged participatory observation or
training to be understood (e.g. Hutchins [24]). Some
activities are not socially accessible, by which we mean
that the presence of a group researcher taking notes and
discussing can change the studied activity itself. Our
solution to this problem was to find a location where
bodystorming participants did not attract particular
attention (see Figs 1 and 3). A potential threat is, how-
ever, that we easily look up for the protection of a quiet
corridor or corner table of a cafeteria, thereby organis-
ing our bodystorming or brainstorming session too
isolated from the outsiders, the real users of the space.
Finally, some activities are not ethically accessible, such
as health care centers. Even though our focus was on
frequent, everyday activities shared by a group of peo-
ple, these practical limitations were apparent.

We also noticed two important factors that affected
what aspects of the context participants attended to in
bodystorming. Background information in most of our
questions was narrowed to one dimension of context, the
setting, as defined by Goodwin and Duranti as “‘the so-
cial and spatial framework within which encounters are
situated” ([25]; see also Fig. 1). This dimension includes
institutional roles of users and other aspects of extrasit-
uational context [26], but does not deal with actions
through which people, at will, can enable contexts or
frameworks of activity. We do not know how this focus
affected the quality of the generated ideas. Selection of
location also affects the focus. For example, in Case 4, in
the process of staging the office space we implicitly
selected some elements and disregarded others (see
Fig. 7) that may have an importance in reality.

The second purpose was to evaluate the method’s
suitability for the design of context-aware applications.
In the Introduction, we presented arguments why
bodystorming could benefit researchers and practitio-
ners in context-awareness. We hypothesised, first, that
being physically present in the ‘real’ environment saves
time from the design group in studying user data.
However, in the case studies, this was observed to hold
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only in a long run when time costs from preparations are
minimised. Secondly, it was hypothesized that body-
storming would provide more accurate understanding of
contextual factors. Our comparison between brain-
storming and bodystorming does not give direct support
for this claim, but the issue needs further attention.
Bodystorming sessions were considered, however, more
memorable and inspiring. Thirdly, bodystorming was
thought to provide immediate feedback for generated
design ideas already on-site. In the case studies, it was
observed that this kind of evaluative and elaborative
thinking required a relaxed atmosphere.

Finally we want to emphasise that bodystorming
should be viewed as complementing, not replacing, other
methods in the design of contextually sensitive applica-
tions. Ethnography is largely based on long-term stay
within a culture, conversation analysis on tape recorded
data distributed and analysed in data sessions, and
contextual design on the simultaneous use of several
representation formats. In respect to these methods, the
contribution of bodystorming lies in the utilisation of
collected user data in a contextually situated design
session. This provides a possibility for a larger group of
people not familiar with the data to innovate product
concepts.

4 Conclusions

To summarise, bodystorming should be seen as a way of
working (and playing) with data in embodied ways,
‘being there’. Bodystorming seems particularly suitable
for getting familiar with unfamiliar activities in easily
accessible locations. Embodiedness and creative prob-
lem-solving on-site will enhance understanding of the
problem domain. Bodystorming therefore seems useful
for the design of context-sensitive computing applica-
tions. We continue to examine variations of the method
by conducting case studies. For example, the third author
of this article is involved in a project where professional
actors, scriptwriters and dramaturgists cooperate using a
bodystorming-like improvisation method. The aim is to
convey technological scenarios to a broader audience.

Acknowledgements We are grateful to Martti Méntyld, Ilpo Ko-
skinen, Anu Kankainen, Sauli Tiitta, and Jan Blom for help and
comments on this article. This work has been supported by our
industrial partners Alma Media, Elisa Communications, Nokia,
Sonera, SWelcom, and by the Academy of Finland grant to the first
author.

References

1. Weiser M (1991) The computer for the twenty-first century.
Scientific American 94-104

2. Weiser M (1993) Some computer science issues in ubiquitous
computing. Communications of the ACM 36(7): 74-84

3. Pascoe J, Ryan NS, Morse DR (1999) Issues in developing
context-aware computing. Proceedings of International Sym-
posium on Handheld and Ubiquitous Computing, pp 208221



134

4.

5.

10.

11.

12.

13.

14.

15.

16.

Dey AK (2001) Understanding and using context. Personal and
Ubiquitous Computing 5(1): 4-7

Beyer H, Holtzblatt K. Contextual Design. Defining Customer-
Centered Systems. Morgan Kaufmann, San Francisco, LA,
1998

. Carroll JM. Making Use — Scenario-Based Design of Human-

Computer Interactions. MIT Press, 2000

. Cooper A. About FACE: The Essentials of User Interface

Design. IDG Books Worldwide, 1995

. Norman DA, Draper SW (eds). User-Centered System Design:

New Perspectives on Human-Computer Interaction. Lawrence
Erlbaum, 1986

. Emerson RM, Fretz RM, Shaw LL. Writing Ethnographic

Fieldnotes. University of Chicago Press, 1995

Hutchby I, Wooffitt R. Conversation Analysis: Principles,
Practices and Applications. Polity Press, 1998

Burns C, Dishman E, Verplank B, Lassiter B. Actors, hair-dos
and videotape: informance design; using perofrmance tech-
niques in multi-disciplinary, observation based design. CHI'94
Conference Companion 4/94, Boston, MA, 1994

Zhang J, Norman DA (1994) Representations in distributed
cognitive tasks. Cognitive Science 18: 87-122

Godden DR, Baddeley AD (1975) Context-dependent memory
in two natural environments: on land and underwater. British
Journal of Psychology 66(3): 325-331

Anderson JR. Language, Memory, and Thought. Lawrence
Erlbaum, 1976

Chun MM, Jiang Y (1998) Contextual cueing: Implicit learning
and memory of visual context guides spatial attention. Cog-
nitive Psychology 36: 28-71

Burns C, Dishman E, Johnson B, Verplank B. “Informance”:
min(d)ing future contexts for scenario-based interaction design.

18.

19

20.

21.

22.

23.

26.

BayCHI, Palo Alto, CA, 1995. (Abstract available at http://
www.baychi.org/meetings/archive/0895.html. Link checked
March 2002)

. Buchenau M, Fulton Suri J (2000) Experience prototyping.

Proceedings of DIS2000 424-433

Weisberg RW. Creativity: Beyond the Myth of Genius. W.H.
Freeman, 1993

Kelley T, Littman J. The Art of Innovation: Lessons in Crea-
tivity from IDEO, America’s Leading Design Firm. Double-
day/Currency Books, 2001

Erickson T. Notes on design practice: stories and prototypes as
catalysts for communication. In: Carrol J (ed) Scenario-Based
Design: Envisioning Work and Technology in System Devel-
opment. Wiley, 1995

Kankainen A, Oulasvirta A. (in press) Design ideas for
everyday mobile and ubiquitous computing based on qualita-
tive user data. 7th ERCIM Workshop for User Interfaces for
All

Nielsen J (1995) Scenarios in discount usability engineering.
In: L Carroll JM (ed) Scenario-Based Design: Envisioning Work
and Technology in System Development. Wiley, pp 59-83
Engelkamp J, Zimmer HD. The Human Memory: A Multi-
modal Approach. Hogrefe, Toronto, 1994

. Hutchins EL. Cognition in the Wild. MIT Press, 1995
25.

Duranti A, Goodwin C. Rethinking context: an introduction.
In: Duranti A, Goodwin C (eds) Rethinking Context: Lan-
guage as an interactive phenomenon. Cambridge University
Press, 1992

Cicourel AV. The interpenetration of communicative contexts:
Examples from medical encounters. In: Duranti A, Goodwin C
(eds) Rethinking context: Language as an interactive phe-
nomenon. Cambridge University Press, 1992



