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ABSTRACT

In a research-through-design project we developed NOOT, a tangteraction device that links
conversational context to texts and sketches generated dusativer sessions. We assumed an
embodied embedded cognitiperspective; i.e.: cognition was assumed to be embodied in human
activity and embedded in the local environment. Observations shioevegbost-its and sketches are
used agognitive scaffoldsluring the session, while being less effective as memorgssafterwards.
Audio context enhances the scaffolding power of text and sketabkgtst they retain their meaning
even outside the session’s context. NOOT thus suppart®died embedded memdrybe contrasted
with digitalized explicit descriptions. We see embodied embeddgditon not just as a guide to
interface design, but more fundamentally as a key towards findewy functions of digital
computation within real, embodied embedded practices.
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Two of us once had a brainstorm session over the presenttp/Adfec the event we left inspired and
full of ideas. We met again two weeks later. A flip chaithvgketches, phrases, arrows and diagrams
functioned as last session’s minutes (See Figure 1). Statrittge materials, we couldn’t remember
what was supposed to have been so great about it. Some of #emrard completely meaningless.
Struggling to recount how the conversation had evolved, we managszbtestruct some of the ideas.
But our initial enthusiasm had been replaced by a slight feawthhadn’t made any progress at all. It
felt as if we were seriously wasting time having to redo most of lastose
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Figure 1: The flip chart that didn’t ring a bell




With this paper we present a way to support the recollectidhoughts, ideas and concepts from
creative design sessions. It forms part of an investigatitm the question of how the theory of
embodied embedded cognitid} may inform the design of tangible interaction.

1.1 Embodied Embedded Cognition

Embodied embedded cognition (EEC) portrays cognitive processe®xaimple, memory processes
— as emergent properties of a subtle interplay between brainabddyorld [1]. Cognition is said to
be grounded in sensorimotoouplingsbetween the environmentdfordancesand the body’siction
possibilities[2]. Cognition is also seen asnbeddedn the environment, contingent on individual
action histories and situated in a social context [3]. Hutddihshowed how cognition idistributed
over systems of people and artifacts. Clark [1] argued how couplietygeen the body and the
environment (including artifacts) may create locally alsl# cognitive scaffoldsthat facilitate
cognitive processes (See also [5], [6]).

Dourish [7] conceives oémbodied interactioms “an approach to design and analysis of interaction
that takes embodiment to be central to, even constitutive oftibeeyghenomenon”. When designing
for interaction, he argues, “inhabited interaction in the world” shbel favored over “disconnected
observation and control” [7, p. 102]. In relation to this, Djajadininggtital. [8] emphasize how
“meaning is created in the interaction”. Theirect approachstresses the “sensory richness and action
potential of physical objects as carriers of meaning iraot®n”, with high “respect for perceptual
and bodily skills” [8].

One of the concerns for designers of interactive artifastavhat this means for connecting
computation and physical form. According to Klemmer et al. [9], “solutions tinefutly integrate the
physical and digital worlds are likely to be more successful by admittenigriprovisations of practice
that the physical world offers”. The question is of course thateans to “carefully integrate” in
successful ways.

1.2 Memory in ConceptSpace

Our prototype forms part of our in-hou€enceptSpacgea physical space enriched with several tools
for stimulating creativity and co-design. One of the questicas ow insights generated during the
session can be saved for later use. Video-analyses of seveséive sessions in ConceptSpace
suggest that people seldom take explicit notes on what is loisgssed during a session. We
speculated that people are particularly bad at note taking wmersed in creative flow, because
taking explicit notes threatens to break the flow. At the same tive did observe the walls and tables
getting filled with physical residuals of people’'s activitiésose phrases and sketches on paper,
whiteboards and post-its. After the session, however, these ghyesiduals proved to be poor
triggers for rich memories of the session, if they triggered anyttiadi. The danger is a poor transfer
of valuable insights from the session to later stages in the desigrsproc

1.3 Memory scaffolds

Instead of addressing explicit note taking, we asked first whyigatygsiduals are such poor memory
triggers. Based on the EEC perspective, we speculated dhbhba texts and sketches are used
primarily as cognitive scaffolds [11, 1], enabling creativeught and guiding conversation between
participants during a session. Text and sketch, on this view, dansb as to guide and sustain
satisfactory interactive couplings between the various gaatts and the emerging ideasitu [12,
13]. For example: when two participants experience conflict ovee soea, one of them might walk
over to the whiteboard and draw a sketch, after which thelskemctions as an external ‘anchor’ to
which both participants can relate their thoughts, guiding the cesti@n towards resolution. This is
very different from cases where participants delibergsdtg notes in order to ‘store’ ideas for later
use. In the latter case, one has to step out of the flow in twrder as good as possible to describe
“the idea” as it emerged in flow. Texts or sketches cdeagescaffolding elements within a creative
flow generally do not function well as “offline” descriptionstbé process, even though people may
attempt to use them as such. This is because the scaffbldictipn is created and sustained “in the
interaction” [8, 3]. The physical prop is only one coupling elemerthiwia larger embodied
embedded memory system [14]. Once the participants’ contextualies end, the scaffolding power
of the prop quickly disappears. Moreover, even if a sketctxbdtes trigger an elaborated memory,



it will to some extent always be an active reconstructionjestutio distortions caused by later
experiences [10].

1.4 Tangible interaction and memory

There are various tangible interaction systems concernadweinory, as reviewed by van der Hoven
& Eggen [15]. As an example, their own system, Ehigital Photo Browser utilizes people’s use
personal souvenirs as memory cues. The system associatesaheseirs with digital photographs,
thus enhancing memory [15]. Another recent exampl®tiger Brother a semi-autonomous device
that spontaneously takes snapshots from everyday life, enablinge peopk-experience these
moments in a playful way [16]. As a last examjgperience Cligl7] is a mobile tool for capturing
personal experiences on video while in the flow of onesites. It functions as a user-research tool
for designers. These examples differ from traditional mertmols because they are not aimed at the
storage of complete, explicit descriptions. As [15] concludesgriented systems cannot [by
themselves] store memories”. Rather, digital information in these detgkes on meaning only in the
context of personal, situated activities of the people involved.

1.5 Design objective

The motivation for our design was a need to support memory and conatiomiof ideas generated
during a session. The question was whether computational powdd &dd value to physical
sketches and texts. The goal was to develop an interactiveype®ipporting “embodied embedded
memory” in the context of concrete creative design activities.

1.6 Research objective

Our research objective is to gain a better understanding oehdwdied embedded memory can be
supported by interactive artifacts. We approached this questiae\mloping a prototype based on
EEC principles and reflecting on knowledge gained from the dgsigress, as well as from user-
research on the evolving prototype.

We followed a cyclic research-through-design approach consistitigee iterations. Each iteration
resulted in a mock-up or prototype that allowed for experiencing rtemded interactions and
functionality in the context of use. The evolving prototype waduasted in each cycle with respect to
the original design objectives. Both for generative as veethaluative purposes we videotaped and
analyzed several sessions with potential users (studentsigh @esication with no prior knowledge
of the project). See Table 1 for an overview of these user-studies.

Table 1: User studies during the design process

Study Description
Initial Observing video of; and participating in, several creative sessions aatingp
orientation for the first concept.
Investigating Qualitative analysis of video of 17 students of engineering divided irdge th
the creative | groups doing a 150 minutes session each. A ‘words not allowed’ phase and a ‘no
practice sitting allowed’ phase served to stimulate bodily action and suppress hatktac

mode of thought. Goal: elicit suitable embodied interactions as a basis for|the
main interaction with the physical object.

Creative As above.The session topic was to think of ways to use the environment and
sessions with tangible objects for organizing and communicating ideas during a sessign.
end users
Evaluation of Two groups (4 and 5 students) engaged in 3 creative sessions each, togéther

the prototype lasting a day per group, either with or without NOOT (Wizard of Ozz set-up
regarding the audio recording). Participants commented on the basiayisabi
the product. Speech-length was also analyzed.

Evaluation of | 3 participants from study 4 received the session’s ideas one week latarpaily
the prototype Il| ‘on post-it’ or combined with the audio-sample. They were asked to repely fr
on what they remembered of each idea.




3.1 Description of the system

NOOT" (see figure 2 below) consists of a large amount of graspajgets mounted with a wireless
transmitter, a PC with receiver, and an audio system thahltif records the entire session out of the
participants’ immediate attention. The basic scenario is thdicipants, while engaged in a
conversation, support their discussions with sketches and teatecren the fly. Each time a new
idea is brought to the fore, one takes up a NOOT object and tcbpsoi the text or sketch that refers
to the conversation, as if to say: “let's mark this moment”. At the momBl®@OT-object is clipped to
a sketch/text, it sends a signal to the PC, upon which antianker with ID is placed in the audio-
recording. The NOOT object is now associated with a particular part afithe-file. Later, activating

a touch-sensor on NOOT causes playback of the recording from lfore the time-marker up until
10 s. after. (This length resulted from the prototype evaluatemTable 1. It can be adapted in an
offline GUI that also allows playback of all audio and exponvase files). In effect, by touching the
NOOT-object attached to a physical prop, the system replaypattieof the discussion centered
around that prop, just before and right after one decided to “mark the moment”.

3.2 Evolution of the concept

Early in the project we were open to the question of what lgx&et function of the tangible system
should be. Based on our observations we decided to take our focuf@wadkie task of explicit note
taking, because in practice people often have time to neithter wani read explicit notes. Since sketch
and text created on the fly are accompanied by rich conversational dbatdgttypically not stored

The NOOT system. 1) NOOT can be attached to paper by inserting the paper into the NOOT while pressing the
circular button. 2) NOOT can be used to organise text and sketch on a whiteboard. 3) Inside NOOT: The 4) micro-
electronics and antenna, 5) battery holder and 6) push-button mechanics. 7) The 433MHz AM radio and 8) the
PIC16F688 microcontroller. 9) NOOT in action. When paper has been inserted, the microchip detects that the
button has been pushed and paper is in place. It then transmits a wireless signal to the PC (not shown), upon
which a time-marker is placed in a digital audio recording of the entire session. When the user is physically present
in ConceptSpace he can play back the sample associated with each NOOT via Dolby Surround Speakers by
touching the sensor positioned just below the push-button on the NOOT.

Figure 2: The NOOT system.

in the physical residuals themselves, we decided to captureothtisxt and digitally associate it with
the physical items. Based on EEC, we therefore conceptualigesital props as cognitive scaffolds,
instead of taking the conventional view where text and sketahe seen as explicit storage devices.

! NOOT means “nut”, as in walnut, which is about $ime of a NOOT. It also means “Note”.



When interacting with the scaffold after the session, the oawafitext should ‘revive’ the
conversation, resulting in a re-emergence of the originalddgaesent during the session. There were
various iterations on what the tangible interaction should look &ke our early ideas evolved in
parallel with the functional question. Presently, the physical fofMIOOT reveals little about its
function as a time-marking device in an audio-recording, althougirod it onto a post-it or sketch it
does ‘mark a moment’ in a conversation between participantscafgidered giving the object an
iconic form or color code which people could use. However, once nearmethe track of augmenting
people’s personal scaffolding activities, we decided not tamdéte, as designers, the way people use
the environment as a scaffold (in contrast to e.g. Ulimer &'s$shioken+Constraint approach [18]).
Instead we see NOOT as a uniform ‘tag’ that can be edipgnto whatever personal environmental
scaffold may be created by the participant.

3.3 Evaluation
We will focus here on the basic way NOOT takes on meaning in a creatiuensde analysis of the
video and post-interviews of study 3 (see table 1) suggest thatigmnts use NOOT as a natural
extension of using post-its and sketches during ongoing conversatoab$érved how people write
or sketch something while talking about an idea and then quitéivetyitake a NOOT, clip it onto
the prop and put it on the whiteboard. All of this happens withinghe $low of activity and without
interrupting the conversation. However, the clipping mechanismwthatrefined in two iterations,
needs further optimization since it is still not intuitivelgar for novice users. We also observed how
one participant would talk and sketch, while a second pamitiwauld clip a NOOT onto the first
person’s sketch, thereby marking its significance. Such intenacsuggest that NOOT serves a social
function by communicating the way people judge the value of other people’s idedswehittend to
study further.
In our last study we send 3 participants all brainstorm resoltsweek after the session, either as a
text on a post-it or as a post-it combined with the associatéd-sahple. We asked them to report
freely on what they remembered of each idea. Audio enriched tpogenerally elicited more
elaborate responses. As one participant noted:
“By means of the audio fragment you get drawn back into the session fmmannhand you can
relive the session, you remember what the atmosphere keafAlso the parts you forgot come
back to you. In my case: the fact that tlilea [a certain food product, which in fact was the
participant's own ideayvould be nice for parties. This aspect came back only whenndubt®
the audio fragment”
Our results are preliminary at this point. Currently we eonducting a larger user-study to validate
some of the speculations above, in close collaboration with a contpangpecializes in creative
sessions. At the same time a redesign will include an impré#dwith the aim of integrating the
system with the concrete work-practice of the same company.

We undertook this study to explore the question of what EEC can toea tangible interaction
design project in the context of real, everyday practicesndiediscuss how designing from an EEC
perspective changed the way we conceived of the design probleboth the function and the
interface of the system.

4.1 An EEC perspective on NOOT supporting memory

In our concept, ideas are not seen as “stored descriptionsé aorthputer; just as, on the EEC view,
ideas are neither “stored” as text or sketch, nor “stoastd mental model in the brain. Instead, using
NOOT, people generate meaning by means of physical interactioimgy ongoing activities. One
clips the object onto a sketch that one just created, putskéieh on the whiteboard, revisits that
sketch, in that location and context, and then listens to the ormiéd context. NOOT illustrates
how the idea can be retained as a distributed entity, kgt @ver time by ongoing interactive
couplings between people’'s embodied activities, physical scaffoldings ampditbogipower.

A conventional interpretation would see NOOT as a kind of mexoorder with which people can
record, store and retrieve important remarks during aoses$ext and speech are seen here as
describing the idea, recorded, and stored for later use. The fulitfia@faNOOT, on this view,
depends on whether the user can store and retrieve the rigliptiess at the right time. The NOOT



object is here primarily a remote control for a digitai@ctThe interface problem then concerns the
question of how easy it is for users to activate the audidifumand organize the digital samples in
the GUI.

During earlier iterations of the prototype we were sometidnag/n into the latter interpretation. For
example, at one point we were very concerned about whetheealitsrelevant to an idea was going
to be captured in a 20 second sample (which, on average, it @idt. dbesn't really matter whether
all ‘relevant speech’ is captured if one looks at the system an EEC perspective. Here, the system
aims to enhance the strength of situated scaffolding aetvif participants during and after the
session. That is, while normally text and sketch created @ssioh quickly lose their meaning after
the session ends, the audio-context forms, as it were, a saajfdiddge between the meaningful
activities during the session and other activities laterafiey the session. It is this bridge that we
claim to be a form oémbodied embedded meméoyideas.

Important insights during a session need not be completely descrnibedioaed in order for them to
be transferable to situations outside the session. Rather, the audio-corgekeleteative flow within

a session be revived and directly integrated with ones &siviter on. The function of the system
now depends on the question of whether the audio provides sufficienktconterder to let one
“relive” part of the session, such that the idea can reenmeugd in the same way as it did the first
time. The interface problem, on this view, concerns not how one aaaga digital data, but rather
how to ensure a seamless integration of digital media into embodigitgsac

4.2 From interface design to design for ‘digitally enhanced’ practices

Many examples of tangible interaction focus on how to create moles®r‘embodied embedded”
interfaces, allowing people to interact intuitively with digital environmenfl9]. A digital
environment however, is itself still disembodied in nature. Ouroggbr has been to use EEC not as a
guide to designing tangible interfaces to digital environments tbutuse the theory more
fundamentally to design embodied embedded, digitally enhahgeetionality. That is, our approach
asks not merely to give tangibdecesdo digital functions [20] but to reconsider digital functionaas
whole: how can digital processes become meaningful within ongoibgdied embedded activities
(Cf. [21])? Instead of starting the project with a digitadteyn, asking how the user should connect to
it, we started with an embodied practice, asking how digital catipatmight play a role in it. The
practice we started with was the activity where people wsgng and sketching as cognitive
scaffolds, supporting individual cognition as well as shared urashelisig. We did not want to replace
this practice with a digital tool (making it “virtual” s@ tsay), for that would in effect change the
practice. We also did not want to by-pass the practice, for exdipmeeating a memo-recorder that
would have to be used outside of the creative flow, in a diffezegnitive mode. Instead, we took
EEC as inspiration for a digital tool that integrates withalready existing meaningful practice in a
way that would neither kill nor replace it but instead enhancdOOT connects activities within
session to activities outside the session by means of dagithb tagged to the session’s physical
residuals. This means that its function, not just its inteyfemens an integrated part of the user’'s
embodied embedded cognition.

4.3 Future work

In a follow-up project we are further researching the way NOQé&grates with the practice of

creative design. One of our questions is how and when audio sarapldsst be fed back into the
user’s activities. That is, given that a NOOT has been wspthce a marker, in what situations will

participants benefit most from audio playback? What adwitvill they be engaged in at such
moments (For example: Are they still within the sessior® they at home, sitting behind a desktop
computer, writing a report? Are they in a meeting with stakehe®leAnd how can we integrate the
playback functionality within those practices? The curreniopype allows touching the sensor on the
physical object containing the physical prop. This scenario séiins of practical value only in a

limited number of cases (e.g. during the session itself@n tgturning in ConceptSpace directly after
the session).

By reflecting on a concrete prototype we sought to gain a betlerstanding of embodied embedded
memory in the practical context of creative design. NOOT stpponbodied embedded memory of



ideas, to be contrasted with conventional storage devices wigtal diedia are used to “store”
explicit descriptions of ideas. Using NOOT, memory is concdipathas the way in which digital
audio can form a scaffolding bridge between meaningful aesvivithin a session and activities
outside the session. In this paper we have showed how the theoBCofdh be used not just as a
means to creating a tangible interface to a digital enviembinbut more fundamentally as a guide to
designing for the seamless integration of digital computation and embaodbedided practices.
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