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Figure 1. Photos from the user study comparing the use of physical sticky notes in a design task (left) to a digital remediation (right).

ABSTRACT

Author Keywords

Sticky notes are ubiquitous in design processes because of
their tangibility and ease of use. Yet, they have well-known
limitations in professional design processes, as documentation
and distribution are cumbersome at best. This paper compares
the use of sticky notes in ideation with a remediated digital
sticky notes setup. The paper contributes with a nuanced
understanding of what happens when remediating a physical
design tool into digital space, by emphasizing focus shifts
and breakdowns caused by the technology, but also benefits
and promises inherent in the digital media. Despite users’
preference for creating physical notes, handling digital notes
on boards was easier and the potential of proper documentation
make the digital setup a possible alternative. While the analogy
in our remediation supported a transfer of learned handling,
the users’ experiences across technological setups impact their
use and understanding, yielding new concerns regarding crossdevice transfer and collaboration.
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INTRODUCTION

Sticky notes (or Post It® notes) are ubiquitous in design processes and often a first choice in collaborative design methods
(e.g., KJ method [24], affinity diagramming or paper prototyping [5]). They are used for externalization, representation or
cognitive support [12], for example, to externalize ideas and
requirements and organize them in themes or priority. The
inexpensive and disposable nature of sticky notes is in part
what makes them valuable as a design tool and their tangibility
is highlighted as one of their inherent qualities [17]. For example, holding and shaking a sticky note can focus a discussion
around a particular concept or idea. Despite these inherent
qualities, sticky notes have shortcomings which limit their use
in professional design processes. Most of these limitations
can be attributed to their physical nature and include: (i) poor
support for documentation, (ii) moving a board with sticky
notes is cumbersome or can throw the work in disarray [27],
and (iii) it is close to impossible to collaborate remotely on
the same board.
Research in human-computer interaction (HCI) demonstrates
that digital systems can overcome these limitations by emulating [36, 20, 15], augmenting [31], or digitizing [25] sticky
notes. However, physical sticky notes are still the prevalent material in design processes [17], while the practical advantages
offered by existing digital sticky notes are unclear [27]. There
are several possible reasons why digital sticky note systems
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have not reached a commercial breakthrough. For example,
they (i) offer additional digital features that eventually introduce complexity to the user, (ii) require an extensive setup of
cameras, displays or projectors, (iii) require specialized hardware with a potential risk of long-term hardware deprecation,
or (iv) simply that the digital cannot replace the physical.
In this paper, we compare use of physical sticky notes with a
digital remediation that is designed to be as close to a physical
setup as possible, reflecting the sticky note practice empirically
observed in a design company during collaborative ideation.
Hence, we focus on what potentially is lost and gained when
moving from physical to digital sticky notes. Particularly, we
investigate if we can qualify what the praised tangibility of
physical sticky notes actually provides, and whether and how
it is lost in translation to the digital. In contrast to previous
research, we do not propose a system that seeks to replace
physical sticky notes. Instead, we compare the use of physical
sticky notes to a digital mapping of the observed design practice, by designing and developing a no-frills1 digital sticky
notes setup using only off-the-shelf technologies to understand
and emphasize the digital mediator’s influence on use, and
avoid the potential issues with digital solutions as listed above.
For that purpose, we conducted a qualitative within-subjects
study with skilled sticky notes users.
We contribute a nuanced understanding of what happens when
remediating a physical design tool into digital space, by emphasizing focus shifts and breakdowns caused by the technology, but also the benefits and promises inherent in digital
media. Further, based on activity theoretical HCI, we see
how the remediation at the operational level also leads to reconceptualizations of the overall activity. We contribute an
understanding of what remeditation brings when the meaning
and purpose of the activity are maintained, while the handling
of the tools are varied.
Context and Situation of Use

The motivation for this study emerged from an ongoing participatory design project2 with an international design company.
The project addresses the potentials and barriers in digitizing current use of physical tools and materials (e.g., paper,
whiteboards, sticky notes) for collaborative work. Throughout
the process, the participating designers have repeatedly stated
that tangibility and materiality are essential for their design
processes, and that those features were important to maintain
in future systems. Nevertheless, their current main issues were
documenting procedures, progress and results of sessions that
employ sticky notes, as well as distributing and transferring
boards with sticky notes to new locations or to a client’s office.
These issues primarily relate to physical aspects of the notes.
By observing their use of sticky notes during workshops and
internal design sessions, it was unclear why the tangibility
and materiality of the sticky notes were considered important
and indispensable. The designers did not seem to utilize the
1 No-frills [adjective]: providing or including basic services and
necessities without any additional features or amenities - Dictionary.com
2 CIBIS: http://cavi.au.dk/projects/cibis/
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physicality of the sticky notes. Hence, we aim to elicit the
influence of tangibility and explore how a digital mapping of
their current sticky notes use compares in terms of the features
that makes sticky notes a popular design tool.
A typical sticky notes use situation: Two designers, Francis and
Finley, conduct an ideation session for a relaunch of a company
website using sticky notes. They both create notes at the table,
some are ideas that emerge from their discussion and some are
requirements from the client that are on a laptop. Whenever a
sticky note is created, it is posted on their shared whiteboard.
When they are satisfied with the amount of notes on the board,
they start to cluster them in groups and after a while these
groups are given titles, which they write on the whiteboard
with a marker. They often distribute the work between them, so
that Finley is reviewing the client’s requirements and existing
website on the laptop, while Francis does the handling of the
notes at the board, based on their on-going discussion.
In our study setup, we aim to reflect and support these practices
above. We are aware that this limits the scope of our work, as
some designers work in larger teams and, further, some use
tables as an intermediate personal work space. However, a
remediation can never be direct and design choices, both large
and small, need to be made, sometimes conscious, other times
not, even when taking outset in a specific work situation. We
will therefore carefully explicate the design choices that have
gone into the digital remediation.
Mediation and Remediation

We draw on activity theoretical HCI, and in particular the
Human-Artifact Model [7], as a means to analyze the use
of artifacts in context and their ecology. Activity theoretical HCI primarily assumes that people have skillful human
practices that they use and develop. Activity theoretical HCI
(according to [6, 4]), has come to focus on analysis and design
for a particular work practice with concern for qualifications,
work environment, division of work, etc.; actual use and the
complexity of multi-user activity, in particular the artifact as
mediator of human activity; the development of expertise and
of use in general; and active user participation in design and
use as part of design [7].
The Human-Artifact Model embraces human activity and technological artifacts on three levels, reflecting the activity hierarchy: activity, action, and operation. Activity is directed by (not
necessarily always conscious) motivations, while actions are
conscious and goal oriented. Operations realize actions and
are developed in terms of the cultural-historical or have naturally evolved [2]. They result from appropriated use of tools,
educated manners towards other human beings, or movements
in the physical world according to concrete physical conditions. To describe the activity at the level of operation means
to focus on how the activity gets carried out, the concrete way
of executing an action in accordance with the specific conditions surrounding the goal. As a consequence of this, in the
model the operation level is split up between a level related
to learned handling of mediators and one of bodily physical
adaptation to the physical aspects of an artifact. These two
levels of operation are important for our upcoming analysis.
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It is fundamental to activity theoretical HCI that human activity
is mediated by artifacts, meaning that between the human users
and their objects of work (materials and outcomes) are artifacts
that support and direct the actions and operations of the user.
Sticky notes are mediating the brainstorm, they mediate sorting
and clustering, pens mediate writing, etc. With this perspective
in mind, remediation is both a matter of building a new artifact
that mediates the same activity by supporting the expertise and
practices of the previous mediator, and of understanding how
this new mediator hence changes and reshapes the practices,
as in this case of brainstorming with sticky notes.
With this perspective in mind, the current paper presents a
study design where we attempt to keep the activity and action
levels, the why and the what, identical across the two conditions, and where human use of sticky notes is seen as an
established practice that needs to be understood in detail when
it comes to the operational level, the how. Analytically this
has parallels to the studies of maps and map use in [7, 9]. We
are interested both in how people transfer their routines and
operations from physical sticky notes to digital ones, and in
how the remediated version of sticky notes may change the
brainstorming activity.
RELATED WORK

In HCI and CSCW there is a long tradition of shared groupware and meeting-room systems, sometimes including more or
less structured tools for decision-making. Xerox PARC developed systems based on Colab [34], e.g., Tivoli is an electronic
whiteboard application designed to support informal workgroup meetings and targeted to run on the Xerox Liveboard, a
pen-based interactive display [30]. Tivoli not only allowed for
shared note-taking but also for changes to individual activities
outside the meetings (e.g., writing up minutes from meetings).
Later, Rekimoto developed a multiple device approach, using
PDAs as tool palettes, to overcome the limited capability to
enter text and the handling of existing data offered by the
traditional digital whiteboards [33].
The Designer’s Outpost is a collaborative design tool that combines physical sticky notes and digital technologies [25]. The
system allows users to manipulate sticky notes with physical
interactions, which then is input for a digital display through
camera tracking. To improve the support for remote collaboration, Everitt et al. extended the system to use physical notes in
one space and digital notes in others, hence allowing a distribution of collaborators [13]. AffinityTable is another system
that allows users to create physical notes in non-digital space,
designed for supporting affinity diagramming. The system
uses a table interface as well as a wall display, using camera technology [15]. Other examples of combining physical
and digital space include Pierre Wellner’s Digital Desk [38]
that expands the workstation, and Pictionaire, an interactive
tabletop system that enhances creative collaboration across
physical and digital artifacts [18].
Focusing on purely digital systems, Hilliges et al. investigated
how collaborative creativity can be supported digitally while
maintaining face-to-face interactions, through the combination
of a tabletop system and a wall display. Customized digital
sticky notes can be created simultaneously by two people,
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while the screen can be used for shared sorting and offers a set
of clustering techniques [20]. The Designers’ Environment is
another example, being a tabletop-based multimodal system
tailored to affinity diagramming, using gestures as well as
speech input. The system implemented a number of interaction
techniques, e.g. handbracket and lasso grouping or searching
notes by speech [36]. As a contrast to these tabletop interfaces,
Widjaja et al. propose a system where users can interact using
a computer, tablet, or phone to create digital notes and sort
them in a shared affinity diagram [39].
Quickies presents a different approach to digitizing the physical sticky note [28], where digital pen hardware is used to
capture what is written on notes, which can then be processed
and searched in the computer, particularly for digital reminders.
Other approaches include Karger et al.’s work that allow for
annotating the Semantic Web [23] and Move-it, where sticky
notes are augmented with shape memory alloy that enables
them to bend when activated [31].
For all of these examples it is problematic to do a comparison
with physical sticky notes in design work in terms of remediation, as they all provide additional functionality (operations,
structure, manipulations, customizations, etc.) made possible
by the digitization. Further, the limited hardware capacity at
the time of implementation and the extensive setup requirements (often multiple fixed cameras) limit their assimilation
in design practices.
A number of studies focus on sticky notes, whiteboards and
remediation. Harboe and Huang [17] studied people’s use of
paper-based affinity diagrams, describing how digital information is transferred to physical notes and board and then back
to a digital representation. The respondents emphasize the importance of tangibility with arguments, such as paper feel and
the flexibility that allows drawing on the notes to distinguish
different kinds [17]. Tang et al. compared traditional sketching and digital sketching environments. The study showed no
significant differences in terms of speed of the design process,
design issues and the transitional activities [35]. Chuliv et
al. did a similar study, investigating the effect of information
and communication technologies on creativity in collaborative design. Their study also found no significant differences
between working face-to-face and using communication technology [11]. While these studies use expert evaluation of the
generated ideas to determine the influence of the media, we
take a different approach of comparing digital and physical
sticky notes, as we seek to unfold how skilled users feel, work,
and adapt the remediation.
REMEDIATING PHYSICAL STICKY NOTES

Remediation is the formal logic by which new media refashion
prior media forms [8], or more specifically in activity theoretical terms, how we build a new artifact that mediates the
same activity as the prior one, by supporting the expertises
and practices of this mediator. Hand in hand with this goes an
understanding of how the new mediator changes and reshapes
practices. In this study, we are working towards such a remediation through a mapping from the physical to the digital,
presuming that the users can apply their pre-existing practices
without the need to learn how to use another system. For this
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work, it was important to achieve a no-frills mapping from
physical to digital, which required us to make several design
choices as such a mapping is non-trivial.
Design Rationale and Hardware

We set four design goals for our no-frills remediation. First,
it should–as close as possible–reflect the characteristics of
sticky notes and a whiteboard. Second, it should support the
same instrumental aspects as those used during an ideation
session (e.g., drawing on a sticky note or a whiteboard, putting
sticky notes on a whiteboard, moving them around, stacking
them, or clustering them in groups). Third, it should only
provide functionality that is possible in the traditional practice–
and no more (e.g., no zooming of sticky notes or panning
of the whiteboard canvas, no search or filter functionality).
Fourth, the technology should be off-the-shelf and affordable
by design companies and not require massive instrumentation
of the environment. We unfold how we met the design goals
and cluster them into Sticky Notes and Whiteboard.
STICKY NOTES The physical size and colors, when digital
sticky notes are rendered on a screen, should be identical to
the size and colors of physical sticky notes (see Figure 2). A
digital sticky note has an adhesive area on the back, which is
sized equally and at the same location as their physical counterparts. Each sticky note should cast a shadow underneath to
indicate (i) its orientation (i.e. what side is up) and (ii) which
part of it is non-adhesive (or adhesive in case of no shadow).
Moving a sticky note should move all sticky notes that are on
top and overlap with their adhesive area. Drawings on digital sticky notes should be permanent, which means that they
cannot be erased. Users have to create a new digital sticky
note if they want to erase the entire drawing or just parts of it.
This is identical to practices with physical sticky notes where
users have to take a new sticky note every time they want
to start over. It should be possible to create multiple sticky
notes before sharing them on the whiteboard, similar to what
is possible with a pad of physical sticky notes.

To create digital sticky notes, we opted for a 7.900 Apple iPad
Mini because (i) it can display a sticky note in the required
physical dimensions on the screen, (ii) it supports pen input
using a capacitive stylus, (iii) it is still small enough to be
carried around in one hand while drawing with the other hand.
Certainly, this is not ideal as it does not reflect the tangibility
of sticky notes and sticky note pads, but it is a close approximation achievable with today’s off-the-shelf hardware.
In contrast to the Sticky Notes, drawings on the
digital whiteboard should be erasable by swiping a finger or
hand over the strokes. The stroke thicknesses on the whiteboard and the sticky notes should be the same, and equal to
the thickness of a physical marker. Putting sticky notes on the
whiteboard or taking them down should require getting within
arm’s reach of the board and touching it. Digital sticky notes
should be placed at the finger’s location on the whiteboard.
WHITEBOARD

We used a 5500 Microsoft Surface Hub as digital whiteboard. It
comes at a cost where it is affordable by design companies, and
its size is comparable to a small whiteboard. It distinguishes
between touch and pen input, is precise with a previously
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Figure 2. Physical and digital sticky notes side-by-side. Both pictures are
taken with a camera to demonstrate their similar visual characteristics.

unmatched low-latency input processing, allows for multi-user
input and two people can comfortably work side-by-side.
Digital Sticky Notes Setup

The digital sticky note setup consists of a NoteCanvas which
is the counterpart to a physical whiteboard and a NoteCreator
which is the counterpart to a physical pad of sticky notes. The
system is developed in Codestrates [32], which uses Webstrates [26] to synchronize application state across devices
(e.g., to send digital sticky notes to the whiteboard).
NoteCreator

In NoteCreator (see Figure 3), the user can draw using either
a capacitive stylus or a finger, choose the pen color (black,
red, green, and blue) and choose the sticky note color (yellow,
green, blue, and pink). The user can change the pen color at
all times, but can only change the sticky note color until it is
has been drawn upon, as is the case with physical sticky notes.
The NoteCreator has seven buttons that allow the user to 1)
create a new sticky note, 2) delete the current note, 3-4) go to
the next/previous note (only enabled if such a note exists), 5)
post a note to the board, 6) pull a note from the board and 7)
switch between right and left hand interaction. The previous
and next note (one each) are partially visible and brought into
focus when the user taps on either of them.
The post and pull buttons are disabled and only enabled when
the user touches the digital whiteboard (post button) or a digital
sticky note on the whiteboard (pull button). For example, the
post button is enabled when the user touches anywhere on
the digital whiteboard, and when the user taps the post button
the digital sticky note is posted at the user’s touch position
and removed from the NoteCreator (see Figure 4), similar
to the Conduit technique [10]. The pull button is enabled
when the user touches a sticky note on the whiteboard. When
the user taps the pull button, that sticky note is pulled to the
NoteCreator and removed from the whiteboard.
NoteCanvas

The NoteCanvas accepts pen input using the active stylus that
is shipped with the Microsoft Surface Hub. Users can draw
on the whiteboard and on the digital sticky notes that are on
the digital whiteboard. As on a traditional whiteboard with
physical sticky notes, users can delete strokes on the digital
whiteboard, but not on the notes. The NoteCanvas also allows
the user to choose pen color (black, red, green and blue).
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Physical Sticky Notes Setup

The physical setup consists of two sets of sticky note pads
in four colors (yellow, green, blue, and pink), whiteboard
markers in four different colors (black, red, green, and blue)
and a whiteboard. In order to make the comparison fair for
the digital version, we constrained participants to put sticky
notes only on the whiteboard, themselves or the sticky note
pads (and not the table or other surfaces). We are aware that
the flexibility of being able to place sticky notes everywhere is
emphasized as an important strength [17], however, we never
observed use of this feature in the pre-cursor to this work and
therefore assumed that if it is essential to sticky notes use,
the study participants would emphasize this, making it a clear
consequence of the proposed remediation. We provided a
visual frame on the whiteboard with the width and height of a
Microsoft Surface Hub screen (5500 ) to indicate the area where
users could place their sticky notes (see Figure 1).

Figure 3. The NoteCreator user interface with a blue and a pink sticky
note, the pen color selector (circles) and the sticky note color selector
(squares) at the bottom.

Users can drag and rotate the digital sticky notes but not resize
or zoom into them. The size of the digital sticky notes and the
adhesive area are equal to the corresponding sizes of physical
sticky notes. The adhesive area enables users to stick notes
together and drag and rotate multiple digital sticky notes at
once. We use a shadow to illustrate where the sticky areas are,
since rotation is possible.
Drawing on Sticky Notes using NoteCreator and NoteCanvas

While drawing on a whiteboard and on physical sticky notes
with the same non-permanent board marker is possible, drawing on a digital sticky note is done either with a capacitive
stylus or touch (Apple iPad Mini) or an active stylus (Microsoft
Surface Hub). This is due to technological differences between
the Apple iPad Mini and the Microsoft Surface Hub, making
their styluses incompatible and requiring users to switch between them when moving between devices.
Posting and Pulling between NoteCreator and NoteCanvas

Posting and pulling notes poses a challenge in terms of keeping the digital remediation honest to physical sticky notes.
We considered several alternative designs, for example, an
implementation similar to the one presented above, but with
the long press at the device and the tap at the desired board
location. However, we projected that this would make users
less aware of each other’s intentions, as it would be difficult to
realize whether somebody is in the process of posting (doing
a long press) as this happens on the iPads (personal sphere)
and not the shared board (public sphere). Another approach
was to have markers on the digital board, fixed or moveable,
to where users’ notes would be posted. However, then users
do not have to be within arm’s reach, making the interaction
deviate from its physical counterpart. Moving objects across
devices is an ongoing research question [29, 21].
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Earlier digital implementations of sticky notes have embedded
tabletops for allowing users to put sticky notes on multiple
surfaces [14]. However, to minimize the complexity of the
operationalization of the study as well as decreasing complexity for the participants to use the digital system, we chose to
restrict the physical notes instead.
USER STUDY

We conducted a comparative study using a within-subjects
design to explore the differences and similarities between
physical and digital sticky notes setups.
Participants

We recruited 14 participants (10 males, 4 females), forming 7
pairs. All participants had practical experience working with
sticky notes in creative tasks and/or design processes, and the
pairs had prior experience working together using sticky notes.
The latter was a deliberate choice to assure that the focus of
the study is on the physical to digital remediation of sticky
notes, and not on different working methods or approaches,
thereby increasing both the ecological and external validity
of the study. The average participant had 5.3 years of experience using sticky notes in design processes (σ = 2.5). Nine
reported using sticky notes for design tasks on a weekly basis
and five reported monthly use. The participants were recruited
through word of mouth and posts on social media. The participants were master’s students from IT Product Development (a
program combining Computer Science and Design) or Information Studies, and professional IT consultants, UX designers
and one Creative Lab Manager. All participants volunteered
to participate and no incentives were given.
Tasks

The participants were asked to solve two creative tasks3 . The
two tasks are comparable and consist of designing features
for two concepts: a service called Milk&CookiesNow4 and a
Smart Wardrobe App. Both tasks consist of (i) a brainstorming
part (6 minutes) where participants generate features, functions, or challenges, (ii) a clustering part (5 minutes) where
3 The

scenarios are available at: http://bit.ly/2h12psM
scenario was created by Sticky Notes Ninja and presented at
UX Week 2008
4 This
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Figure 4. Posting a digital sticky note to the whiteboard is a two-step process. First, the user touches the NoteCanvas at the location where the sticky
note should appear, which enables the post button on the NoteCreator. Second, the user taps the post button on the NoteCreator, which will post the
sticky note to the whiteboard and remove it from the NoteCreator (indicated with a semi-transparent sticky note).

participants sort notes in groups using a bottom-up approach,
and (iii) a labelling part (5 minutes) where participants name
the groups, make groups of groups and draw connections between them. Both scenarios used the same structure: a brief
introduction to the concept, some key terms, a set of shortterm, middle-term and long-term goals, and finally three user
stories describing the concepts in use.
Procedure

Each study session started with a brief introduction to the
agenda and purpose. Then followed the two tasks where
participants solved one using physical sticky notes and the
other using the digital system. The order of the tasks as well
as the physical and digital setup was counter-balanced using
a Greco-Latin Square to avoid carry-over effects. A brief
introduction to the digital setup was given before using it.
Each task consisted of the participants reading through the
scenario, followed by brainstorming (i.e. production of notes),
clustering, and labelling.
After completion of the two tasks, a follow-up interview was
conducted to understand the experience of using the two different systems. The interview started with participants explaining
how they worked and interacted with each other and the system (e.g., by means of particular situations), and then went on
to discuss their general experiences with both systems. Finally,
participants filled out a questionnaire about their demographics and sticky note experience. The duration of the sessions
was approximately 90 minutes.
Data Collection and Analysis

The interviews were audio recorded and transcribed for analysis. To further support the analysis and responses, the participants were video recorded with two cameras; one camera
recording their interactions from the front and one recording
them from the back. Two researchers reviewed the transcriptions independently, and the findings were analyzed using the
Human-Artifact Model, highlighting different aspects within
the two media, the physical and digital sticky notes, and their
respective relation to learned and physical handling.
We analyzed sticky notes as they were discussed by the participants, with reference to their normal practice as well as to their
experiences with the remediation. We interpreted statements
about how they usually do things as examples of how they act
with physical sticky notes in their everyday design situations.
Then we similarly addressed the remediation through how the
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participants talk about their use of the digital sticky notes, and
from this identified new challenges to the use and practice
that the remediation leads to, also such that come out of user
experiences with related technological artifacts.
FINDINGS AND DISCUSSION

In the following section, we present and discuss the results of
the qualitative analyses.
From Stickiness to Peripheral Awareness

What characterizes a sticky note is generally its limited size
compared to other commonly used paper formats (e.g. A4
or US letter paper), their writable paper surface, and the readhereable strip of glue that makes them a workable tool. Most
of the participants had strong opinions about the glue: One
participant stated why he preferred to work with the digital
notes: “I think it is an advantage, because some sticky notes
don’t stick that well and fall off. These [digital notes] stick.”
(P3). Many explained how the glue limits the longevity of
the physical notes, with one explaining, “90 % of our notes
at the office fell down, so we started putting them up using
adhesive tape, which made it a painstaking process to move
them around” (P8), and another one stating, “The worst is
when you have a wall like that [filled with sticky notes] and
you start hearing a rattle, but you have other things to do, and
you can hear [makes raining noise]. It’s half a day’s work
drizzling down” (P11), and he further explained how these
experiences had changed his work habits, “It is pure product
developer experience that they are in small groups, because if
they are in one big chain, they’ll keep falling off” (P11).
When we turn to the digital sticky notes, sorting them was
emphasized by five groups and considered a major advantage
over sorting physical sticky notes. Commenting on the handling of the physical sticky notes, one participant said, “There
is no doubt if you have to compare the two things, it is significantly easier to move them there [digital] than actively tear
them down up here [physical] and put them somewhere. So
you are more inclined to just move them around nice and easy”
(P7). Another, with more direct emphasis on the adaptation,
noted that “The great thing is that here, you can keep moving
them around. We have (expletive) seen again and again that if
you have moved them once or twice, then that’s it [referring
to the decreasing stickiness]. You have to make a new one if
you want it up there” (P2). This was exemplified by P12, who
stood at the screen and just kept moving notes with both hands
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for a while, stating afterwards that he was “completely amazed”
at being able to do that. Not dealing with glue and being able
to handle multiple sticky notes seamlessly at the same time
were mentioned as some of the reasons why sorting the notes
digitally was preferred.
Remediating physical sticky notes in the digital space required
a representation of the sticky note pads on a device. Even
though a device laying on the table with the NoteCreator
running had multiple similarities to the physical stack of sticky
notes, being a device had an impact on the participants, and
their peripheral awareness of each other [19]. One participant
said, “Something I thought about instantly when we sat here
[at physical notes setup] was that I can immediately see what
color P1 is using and the same with the pen” (P2). Another
noted, “The biggest problem is that you are placed in front
of a screen that is somehow personal. It doesn’t invite me
to just quickly [see where he is at].” (P9), supported by his
partner saying, “It just takes a while before it becomes visible
for others” (P10).
This shows that the level of physical adaptation causes new
challenges in the remediated situation, but these challenges
also extend to the learned handling, where one group further
explained how the device changed the way they acted and
communicated, with one noting, “You have that backside of it.
It’s like what you do, when you want be screened off from others, you take your device and hide your head” (P11), and his
partner saying, “It’s just something that’s really expensive and
that you have to take care of. That means that you can’t just
say, hey (waves a stack of notes) try and look at this” (P12).
One group (P13, P14) had concerns with the notes being
created on a device, especially when working with external
partners. If the device is private, notifications from other
applications could attract attention and remove focus from
the brainstorm. Even if it was not a private device (as in this
study), the mere opportunity to browse the internet could cause
focus shifts, unless something is done to technically prevent it.
This concern is supported by research [1].
When it comes to mediation and remediation, the digital sticky
notes mimic the format and writable surfaces of the physical
sticky notes. They are postable to boards, but do not adopt
the flexibility nor problems of the glue. Hence, the various
ways that users usually handle sticky notes is, for better or
worse, different in the digital setup, especially because they
lack tangibility. However, the tangibility was only mentioned
by a few as an essential aspect of the physical sticky notes,
and none of them were able to explain why, besides pointing
to the feel and materiality. At the same time, digital sticky
notes simply do not fall down, providing a clear advantage in
handling. Using iPads to hold the digital sticky notes limits
the shared visibility of paper and pen colors, which somewhat
hinders the transfer of collaboration and learned handling.
Further, the limited awareness between collaborators might
introduce a reduced focus to the what, as the device might
draw attention to other tasks, e.g. browsing or responding to
emails, an element completely absent in physical tools.
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From Physical to Digital Writing

Another example of the adaptation level of the Human-Artifact
Model is manifested in the use of pens to draw on digital sticky
notes. While physical pens do not write on every surface, there
is an even larger limitation with the digital version, where technological incompatibility requires the use of two different pens.
Having different pens for writing on digital sticky notes (capacitive stylus) and the whiteboard (Microsoft Surface Pen)
caused some issues compared to the traditional routines of having just one kind of pen (whiteboard marker) in the physical
setup. One participant noted, “I got super confused, having
two pens. And one doesn’t work and then you lose the analogy
[...]. OK so my ballpoint pen doesn’t work at the whiteboard
either, but that I can relate to.” (P11). Another stated, “there
are suddenly many things, well, too many to hold in the hand.
So, you have to find somewhere to put one down and take the
other in order to write something” (P2).
Not surprisingly, several participants found it harder to write
with the stylus on the devices than a pen on physical notes.
For one participant, however, it was so hard to write with the
stylus that he tried to draw with his finger. When that did
not help, he realized that he needed to slow down, and that
eventually caused a breakdown in the brainstorming process.
In his words, “It is not as productive when you have to take a
deep breath in the middle of a brainstorm, right. That you have
to (exhales), now I have to write. You just wanna go. (P11).
Another consequence of the remediation to the learned handling, was the different ways of erasing on the physical and the
digital whiteboard. Most participants preferred the cleanliness
of the digital board, with one stating, “It is easy to change
[in the digital], for example, when you have to erase over
here [the physical], it always gets smudged” (P5). Another
participant highlighted advantages in both setups, stating that,
“I like this version [physical] better for correcting letters, for
example, erasing a little part of a letter [...] You can’t do that
over here, ’cause you will delete the entire letter [...] But it
is great when you do arrows, because over there [physical] I
was very concentrated on making the arrow, because it takes
a (expletive) long time to erase it. While over here [digital]
it’s just a swipe” (P1).
This section primarily outlines problems with the remediation
for adaptation, but also with learned handling: Two pens are
confusing and lead to breakdowns, because they do not seem
separable by the users. This may be a matter of learning, as
users are otherwise used to juggling pens that write well on
different surfaces. In terms of writing, users’ learned handling
and adaptation does not transfer completely to the digital system, but in terms of erasing, the cleaner result of the digital
was preferred, despite the handling being slightly different.
From Posting to Transferring Sticky Notes

While participants preferred using the digital system for sorting, most groups preferred posting the sticky notes in the
physical manner, where a sticky note can be placed anywhere
on the physical whiteboard in a single movement. As one
participant explained, “I was more focused on my interaction
[with the digital] and more natural over there [physical setup].
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It is like you swap between being in ideation mode and figuring out how you do, and then back again” (P1) with another
elaborating, “There is like a mini breakdown when you are
posting, because you have to pay attention to hitting that button and doing things in the right order [...] But it is especially
those moments when you lose the feeling of working with sticky
notes, because those are sort of easy to handle” (P12). However, the feeling of working with sticky notes would return for
that participant, who explained, “I’m very aware that I have
an iPad in my hand [...], as soon as I put the iPad down, when
we have to move them around, I thought, now I’m working
with sticky notes” (P12). Both of these latter quotes clearly
illustrate that the adaptation of the digital sticky notes (on
the Apple iPad Minis) is problematic and causes trouble and
breakdowns both for the learned handling, and as a matter of
fact when it comes to what the users are doing.
Moreover, using iPads for the interaction resulted in participants using the operationalized activities connected to working
with devices; for example, one participant explained, “I forgot
how to post a sticky note, and then I thought I could just swipe
it up, and then I was like, ‘that wasn’t clever’ [because the
swipe was recognized as drawing input and caused a vertical
line to be drawn]” (P10). Two other participants also tried to
swipe between their digital sticky notes to bring them to the
center, resulting in drawing horizontal lines.
These quotes exemplify how a breakdown occurs when posting sticky notes digitally. Posting sticky notes becomes a
conscious action (partly because of the novelty of it) where
posting a physical sticky note is an incorporated, unconscious
and embodied operation of experienced sticky notes users.
The participants explained how they became aware of the
technology in these situations and how they sometimes found
themselves in awkward positions, juggling the Apple iPad, the
two pens, and touching the Microsoft Surface Hub.
The main suggestions for improvement targeted the way that
notes are transferred from devices to the digital whiteboard.
As one said, “It is great that they act like real sticky notes
[...]. There is that complete analogy, one-to-one almost. And
then it is just about how you get them over there [to the digital
whiteboard]” (P9). Suggestions for putting notes on the board
included a button that sends all stored notes to the whiteboard
or that swiping a note up should place it at random locations
on the whiteboard. Their answers suggest that, when using
sticky notes for brainstorming, the digital sticky note’s initial
placement seems irrelevant or at least less of a concern than a
seamless transfer from hand to whiteboard.
Besides the transferring of notes, designing the digital sticky
notes system as a mapping of the physical setup aided the
participants’ understanding of the system and its actions. All
of them stated that the basic interactions of the system made
sense. One participant said, “The real limitations are really
well represented in the system. It is understandable. I mean,
you can get a little confused that on a computer you are used
to changing things dynamically [...]. But when you think
about them as two equivalents, it makes sense. Because, I
can reason my way into understanding what is possible in this
system, based on the reality. And that is great.” (P1). His
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partner supported him, saying, “There is a strength in it. Well,
we all completely agree on what it can do. Nobody can be left
behind by the system in that way. And that might be the case
if it is a complex system” (P2). Notably, these participants
could transfer what they have learned from handling physical
sticky notes and the skills and habits they have acquired with
traditional practices to the remediated digital system.
Posting physical sticky notes is different than transferring
digital ones, despite the general feeling among the users of a
one-to-one remediation. Physical notes can be moved to the
board directly in one movement to the position of the user’s
choice. At this adaptation level, the digital sticky notes do not
support the same motion. Swiping the digital notes does not
work, even though the culturally established interactions with
mobile devices invites that movement. At the same time, the
way that transferring works for digital sticky notes does offer
options that seed a different set of routines where many notes
would be transferred in one operation (e.g., through the touch
of a button) is one such example.
Digital Sticky Notes and New Use Possibilities

In our study, we forced a particular interaction with the artifacts in the digital system, e.g., by setting the goal to generate
ideas through brainstorming, clustering and labelling. However, the participants, without prompting, related their experiences with both systems to the goals they have when working
with sticky notes in general. All of the groups were drawn to
the inherent possibilities of proper documentation of the process and result of the digital sessions. This was exemplified by
one participant who noted, “This is genius, because we do this
so often. Right now, we have a giant pile of notes in our office
because, ‘what if?’. [...] The groupings are gone. Of course
we have pictures” (P1), followed by his partner, But those are
not really pictures, we can use. I mean, we can see what our
thoughts were, but we can’t really work with them. Then we
need to build it all again. Here, we can just boot the system
and continue where we left off.” (P2). Other participants gave
examples of how the digital whiteboards were easier to store
(P6, P13) and easier to document (P4, P7, P14).
The implementation of the ‘post note to board’-functionality
caused three of the seven groups to explore alternate ways of
collaborating. Specifically, one participant would sit at the
table and create digital notes and ask the other participant to
touch the board, which enabled the sitting participant to post
the note. One participant said, “It could be a strength, the way
you did that [post a note while sitting], because I am already
here [at the whiteboard] and just posted one of mine. I don’t
necessarily have anything I need to write right now, but you
could already be buried in the next idea” (P2). Another group
suggested that it suited their usual way of working: “Often
when we do idea generation, one of us sits and researches
at the same time because you can keep getting new inputs,
and then the other stands up here [at the whiteboard] and
tries to navigate what pops up” (P5). A third participant
suggested that this way of interacting might create different
roles in a workshop, possibly accommodating more people
and groups, as one could be facilitator or coordinator and the
others could produce sticky notes. These examples indicate
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how the remediation and adaptations towards it may enable or
encourage new working styles and habits.
Further, four groups mentioned how the digital media could
make distribution, transportation, and sharing easier. One
participant explained, “it’s no longer something we are bound
to: we were in this room at this time. We could pick it up in
another city another day” (P2). Another imagined a possible
distribution, saying, “you don’t necessarily have to sit in the
same room, if you cooperate from different universities, or
different places in the world” (P9). Five groups mentioned
that the cleaner and more professional looking digital board
potentially made the notes more suitable to present at meetings
with clients and external partners.
These examples emphasize that the inherent possibilities of
the digital sticky notes were intriguing for the participants.
Without them needing documentation or distribution to fulfill
the task at hand, they related their experience to the issues
they encounter when working with physical sticky notes in
different design processes. As such, these capacities point to
new possibilities at the what and why levels as well as the how.
Creativity, Productivity and Collaboration

To inspect the felt differences between the two setups and
as a means of evaluating the remediation, i.e. how well the
design setup mediated the proposed task, we asked the participants if they felt (i) more creative using one of the setups, (ii)
more productive using one of the setups, and (iii) that their
collaboration changed or improved using one of the setups.
Twelve out of fourteen participants stated that they felt equally
creative, while two felt more creative using physical sticky
notes. They felt more limited with the digital setup primarily
because of the limitations of the stylus. Eight of the fourteen
participants felt equally productive using the two setups, while
three felt more productive using the digital system, and three
felt more productive using the physical. The increased productivity with the digital system was explained by one group as a
result of being able to produce sticky notes faster. They did
not have to move sticky notes from pads to their arms or to
the whiteboard (or the table surface), but could store them on
the iPad and continue with the brainstorming (P7, P8). One
argued for increased productivity being a result of easy sorting
(P12). The three participants who found it more productive to
work with the physical setup explained it as a consequence of
the breakdowns in the digital setup caused by the use of the
styluses (P11) or by posting sticky notes from the iPads to the
Surface Hub (P9, P10). Twelve out of fourteen participants
stated that they collaborated in a similar manner in the two
setups. The last two preferred collaboration with the physical
sticky notes. Because of breakdowns that moved their focus
from brainstorm to technology when transferring notes to the
board, it was harder for them to get the ideas that bounce back
and forth (P11, P12) in the digital setup.
Finally, we asked participants which setup they would use if
starting a project tomorrow. Seven of the fourteen participants
stated they would choose the digital setup, primarily because
of the longevity and possible easy documentation of digital
sticky notes, as well as the improved sorting. Two would
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choose the physical sticky notes, primarily because they preferred the tangibility of the notes and getting away from computers. Three were indecisive, wavering between preferring
the physical sticky notes because of the breakdowns in their
workflow caused by the digital setup, and prefering the digital
because of longevity, documentation, distribution, and sorting. The last two participants were indecisive, however, they
would choose the physical sticky notes when meeting with
external clients, because they were uncomfortable introducing
technology in their workshops as people are easily distracted
by email and social media, and digital sticky notes internally,
because of the aforementioned possibilities. Distraction is not
necessarily an inherent aspect of computing, but an artifact
of computers as general purpose personal computers. Mark
Weiser advocated for abandoning PCs in his ubicomp vision
[37] and our findings support his idea of providing pick-up-and
use pads for a particular use situation.
The answers regarding creativity, productivity and collaboration suggest that a successful remediation is possible. They
indicate that the technology is at a point where the user experience of interacting with devices and interactive screens enables
a mediation of idea generation, clustering and labelling processes (i.e. the what and why explored in our study) despite
the divergences in the how, as presented in the other findings.

SUMMARY OF FINDINGS AND FUTURE WORK

The participants generally preferred to create notes using physical tools, because: 1) for the majority of them it was harder
to write on a screen than paper, 2) the device took away some
awareness from the collaboration, and 3) interacting with the
technology caused breakdowns for some participants, especially when transferring notes, making them focus on the
technology and not the idea generation. Despite our initial
focus on tangibility, the study did not reveal why this property
of physical sticky notes is considered essential, beyond the
easier transfer from hand to whiteboard.
In spite of these issues, however, the majority of the participants stated that they would prefer working with the digital
remediation, because: 1) there are numerous issues with the
durability and longevity of the sticky notes glue, 2) working
with the notes on a screen was easier (and prettier), 3) the
difference between creating physical and digital notes was
insignificant in terms of productivity and creativity, 4) the
analogy from known physical setup to digital setup helped
transfer users’ skills, and 5) the possibilities for documentation and distribution inherent in the digital medium were
considered to be game changers.
The findings further point towards technical and implementational improvements in future systems, especially regarding:
1) embracing the culturally emerged affordances of mobile
devices (in particular, swiping), 2) rethinking the transfer from
device to digital board, 3) hardware improvements in styluses
and digital handwriting, and 4) homogeneity in pens across
devices. While 3) and 4) present engineering and hardware
challenges, we will briefly discuss 1) and 2) in the following
paragraph, as they present HCI challenges.
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The presented results suggest that a remediation of physical
sticky notes as a design tool is possible, as interactive technology is at a point where physically interacting with digital
notes on mobile devices and large screens works. However,
with great technology comes great responsibility – also for
designers of such remediations. Technology allows for adding
multiple new features that potentially accommodate users, but
complexity in the interface design could cause users’ skills not
to transfer from one medium to another. This is not a novel
pitfall, and is known both from power–simplicity tradeoffs [3]
and from the reality-based interaction theory that models a
power–reality tradeoff [22, 16]. What this study of remediation shows is that while there is a need to preserve the analogy
to maintain users’ learned handling and skills, there is also a
need to respect the new cultural-historical ways of interacting
with technology. Our study shows how users are so familiar
with new interaction paradigms and have operationalized their
handlings that they automatically expect to be able to swipe
between notes and transfer notes by swiping. They also immediately worry that their collaborators will use the iPads to go
online, even though the current digital setup gave no reason
to think so. Hence, given the ubiquitous presence of mobile
devices in our everyday life, future remediation of tools from
the physical to the digital should consider these culturally established affordances – of mobile devices in particular – while
maintaining an understandable analogy.
The study also suggests that a major challenge to address for a
completely successful remediation to happen, i.e. a seamless
mediation between human and activity with the digital setup,
is the transfer of objects between digital entities. The study
shows that this transfer is a focal point for breakdowns, as
users become conscious about the technology, shifting focus
away from the task. While it was suggested that it might be a
question of adaptation and learning, this is presumably not the
case. One of the reasons is that the transaction cost, e.g. the
cost of moving something from one device to another [21], is
higher in our remediation than with physical notes, as a user
needs to focus on both pressing a location on the screen and
tapping a button on the iPad, and not just make a seamless
embodied transfer of a paper note. Another approach could be
to facilitate the creation and posting of sticky notes physically,
and then transfer the result to a digital form. However, this
transformation is not trivial, and transfers from digital data
to physical notes back to a digital presentation already has
been identified as a challenge [17]. The participants proposed
suggestions for a more seamless interaction, consequently reducing the control of where the notes are positioned as well as
reducing the tie to the physical media. This emphasizes that
relation to reality [22] and interaction simplicity [3] do not
have a clear correlation, potentially complicating the design
of successful remediations. As our no-frills mapping from
the physical does not provide the optimal solution to this challenge, we encourage future work in the remediation of design
tools that rely on multiple devices to explore, design and evaluate interaction paradigms, possibly starting from Nacenta et
al.’s taxonomy for cross display object movement [29].
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LIMITATIONS

This study focuses on pairs of designers as per our empirical
setting. Design teams engaging in ideation are often larger and
work with sticky notes in other manners than those studied
here. However, in terms of getting into details of e.g. the
physicality of notes, we are not convinced that more complex
situations as such would be more helpful; but we acknowledge
that we are not able to generalize beyond pairs using boards
and notes the way we discuss in this paper. The sticky notes
remediation in particular will be analysed further, quantitatively and qualitatively, in our future work. We are also aware
that the 10:4 gender ratio is skewed, at the same time as it
unfortunately reflects the current gender distribution within
the field5 . We sincerely hope there will be more women in the
field of digital product design in the future, which will require
a follow-up study with a gender balanced sample.
CONCLUSION

This paper presented a qualitative, comparative study of physical sticky note use to a remediated digital sticky notes setup.
The results were analyzed using the activity theoretical HumanArtifact Model pointing at expected, and unexpected, differences and similarities between the setups, when it comes to
physical adaptation and learned handling. Despite users’ general preference for creating physical sticky notes, the digital
technologies have reached a point where easier handling of
digital sticky notes on interactive screens and the potential of
proper design documentation makes it an alternative to their
physical counterparts. Addressing the digital sticky notes as
remediation, we conclude that while the analogy in our remediation supported a transfer of learned handling, the users’
experiences from other technological setups impact their use
and understanding, leading to new concerns regarding crossdevice transfer and collaboration, and fewer for tangibility.
Acknowledgements

This work is sponsored by Innovation Fund Denmark grant
1311-00001B, CIBIS and the Aarhus University Research
Foundation. We thank Lindsay Reynolds, Henrik Korsgaard
and Sarah-Kristin Thiel for their valuable input.
REFERENCES

1. Jesper Aagaard. 2015. Drawn to distraction: A qualitative
study of off-task use of educational technology.
Computers & Education 87, Supplement C (Sept. 2015),
90–97. DOI:
http://dx.doi.org/10.1016/j.compedu.2015.03.010

2. Klaus B. Bærentsen and Johan Trettvik. 2002. An
Activity Theory Approach to Affordance. In Proceedings
of the Second Nordic Conference on Human-computer
Interaction (NordiCHI ’02). ACM, New York, NY, USA,
51–60. DOI:http://dx.doi.org/10.1145/572020.572028
3. Michel Beaudouin-Lafon. 2004. Designing Interaction,
Not Interfaces. In Proceedings of the Working Conference
on Advanced Visual Interfaces (AVI ’04). ACM, New
York, NY, USA, 15–22. DOI:
http://dx.doi.org/10.1145/989863.989865
5 Between

3:1 and 4:1 cf. https://www.invisionapp.com/blog/
designer-compensation-gender/.

Paper 224

Page 10

CHI 2018 Paper

4. Olav Wedege Bertelsen and Susanne Bødker. 2003.
Activity Theory. In HCI Models, Theories and
Frameworks: Towards an Interdisciplinary Science,
John Michael Caroll (Ed.). Morgan Kaufmann, San
Francisco, CA, Chapter 11, 291–324.
5. Hugh Beyer and Karen Holtzblatt. 1997. Contextual
design: defining customer-centered systems. Elsevier.
6. Susanne Bødker. 1991. Through the Interface: A Human
Activity Approach to User Interface Design. L. Erlbaum
Associates Inc., Hillsdale, NJ, USA.
7. Susanne Bødker and Clemens Nylandsted Klokmose.
2011. The Human-Artifact Model: An Activity
Theoretical Approach to Artifact Ecologies.
Human-Computer Interaction 26, 4 (2011), 315–371.
DOI:http://dx.doi.org/10.1080/07370024.2011.626709
8. J David Bolter and Richard Grusin. 2000. Remediation:
Understanding new media. MIT Press.
9. Niels Olof Bouvin, Christina Brodersen, Susanne Bødker,
Allan Hansen, and Clemens Nylandsted Klokmose. 2006.
A Comparative Study of Map Use. In CHI ’06 Extended
Abstracts on Human Factors in Computing Systems (CHI
EA ’06). ACM, New York, NY, USA, 592–597. DOI:
http://dx.doi.org/10.1145/1125451.1125575

10. Nicholas Chen, Francois Guimbretiere, and Abigail
Sellen. 2012. Designing a Multi-slate Reading
Environment to Support Active Reading Activities. ACM
Trans. Comput.-Hum. Interact. 19, 3, Article 18 (Oct.
2012), 35 pages. DOI:
http://dx.doi.org/10.1145/2362364.2362366

11. Vicente Chulvi, Elena Mulet, Francisco Felip, and Carlos
García-García. 2017. The effect of information and
communication technologies on creativity in
collaborative design. Research in Engineering Design 28,
1 (01 Jan 2017), 7–23. DOI:
http://dx.doi.org/10.1007/s00163-016-0227-2

12. Graham Dove, Sille Julie Jøhnk Abildgaard,
Michael Mose Biskjær, Nicolai Brodersen Hansen, Bo
Christensen, and Kim Halskov. 2016. Grouping Notes
Through Nodes: The Functions of Post-It Notes in
Design Team Cognition. In Design Thinking Research
Symposium 11.
13. Katherine M. Everitt, Scott R. Klemmer, Robert Lee, and
James A. Landay. 2003. Two Worlds Apart: Bridging the
Gap Between Physical and Virtual Media for Distributed
Design Collaboration. In Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems
(CHI ’03). ACM, New York, NY, USA, 553–560. DOI:
http://dx.doi.org/10.1145/642611.642707

14. Florian Geyer. 2013. Interactive Spaces for Supporting
Embodied Collaborative Design Practices. PhD Thesis.
University of Konstanz.
15. Florian Geyer, Ulrike Pfeil, Jochen Budzinski, Anita
Höchtl, and Harald Reiterer. 2011a. AffinityTable - A
Hybrid Surface for Supporting Affinity Diagramming.
Springer Berlin Heidelberg, Berlin, Heidelberg, 477–484.
DOI:http://dx.doi.org/10.1007/978-3-642-23765-2_33

Paper 224

CHI 2018, April 21–26, 2018, Montréal, QC, Canada

16. Florian Geyer, Ulrike Pfeil, Anita Höchtl, Jochen
Budzinski, and Harald Reiterer. 2011b. Designing
Reality-based Interfaces for Creative Group Work. In
Proceedings of the 8th ACM Conference on Creativity
and Cognition (C&#38;C ’11). ACM, New York, NY,
USA, 165–174. DOI:
http://dx.doi.org/10.1145/2069618.2069647

17. Gunnar Harboe and Elaine M. Huang. 2015. Real-World
Affinity Diagramming Practices: Bridging the
Paper-Digital Gap. In Proceedings of the 33rd Annual
ACM Conference on Human Factors in Computing
Systems (CHI ’15). ACM, New York, NY, USA, 95–104.
DOI:http://dx.doi.org/10.1145/2702123.2702561
18. Björn Hartmann, Meredith Ringel Morris, Hrvoje Benko,
and Andrew D. Wilson. 2010. Pictionaire: Supporting
Collaborative Design Work by Integrating Physical and
Digital Artifacts. In Proceedings of the 2010 ACM
Conference on Computer Supported Cooperative Work
(CSCW ’10). ACM, New York, NY, USA, 421–424. DOI:
http://dx.doi.org/10.1145/1718918.1718989

19. Christian Heath and Paul Luff. 1992. Collaboration and
control: Crisis management and multimedia technology
in London Underground Line Control Rooms. Computer
Supported Cooperative Work (CSCW) 1, 1 (01 Mar 1992),
69–94. DOI:http://dx.doi.org/10.1007/BF00752451
20. Otmar Hilliges, Lucia Terrenghi, Sebastian Boring, David
Kim, Hendrik Richter, and Andreas Butz. 2007.
Designing for Collaborative Creative Problem Solving. In
Proceedings of the 6th ACM SIGCHI Conference on
Creativity & Cognition (C&C ’07). ACM, New York, NY,
USA, 137–146. DOI:
http://dx.doi.org/10.1145/1254960.1254980

21. Steven Houben, Nicolai Marquardt, Jo Vermeulen,
Clemens Klokmose, Johannes Schöning, Harald Reiterer,
and Christian Holz. 2017. Opportunities and Challenges
for Cross-device Interactions in the Wild. interactions 24,
5 (Aug. 2017), 58–63. DOI:
http://dx.doi.org/10.1145/3121348

22. Robert J.K. Jacob, Audrey Girouard, Leanne M.
Hirshfield, Michael S. Horn, Orit Shaer, Erin Treacy
Solovey, and Jamie Zigelbaum. 2008. Reality-based
Interaction: A Framework for post-WIMP Interfaces. In
Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems (CHI ’08). ACM, New
York, NY, USA, 201–210. DOI:
http://dx.doi.org/10.1145/1357054.1357089

23. David R. Karger, Boris Katz, Jimmy Lin, and Dennis
Quan. 2003. Sticky Notes for the Semantic Web. In
Proceedings of the 8th International Conference on
Intelligent User Interfaces (IUI ’03). ACM, New York,
NY, USA, 254–256. DOI:
http://dx.doi.org/10.1145/604045.604091

24. Jiro Kawakita. 1991. The original KJ method. Tokyo:
Kawakita Research Institute (1991).

Page 11

CHI 2018 Paper

CHI 2018, April 21–26, 2018, Montréal, QC, Canada

25. Scott R. Klemmer, Mark W. Newman, Ryan Farrell,
Mark Bilezikjian, and James A. Landay. 2001. The
Designers’ Outpost: A Tangible Interface for
Collaborative Web Site. In Proceedings of the 14th
Annual ACM Symposium on User Interface Software and
Technology (UIST ’01). ACM, New York, NY, USA,
1–10. DOI:http://dx.doi.org/10.1145/502348.502350

32. Roman Rädle, Midas Nouwens, Kristian Antonsen,
James R. Eagan, and Clemens N. Klokmose. 2017.
Codestrates: Literate Computing with Webstrates. In
Proceedings of the 30th Annual ACM Symposium on User
Interface Software & Technology (to appear) (UIST ’17).
ACM, New York, NY, USA, 11. DOI:

26. Clemens N. Klokmose, James R. Eagan, Siemen Baader,
Wendy Mackay, and Michel Beaudouin-Lafon. 2015.
Webstrates: Shareable Dynamic Media. In Proceedings of
the 28th Annual ACM Symposium on User Interface
Software & Technology (UIST ’15). ACM, New York, NY,
USA, 280–290. DOI:

33. Jun Rekimoto. 1998. A Multiple Device Approach for
Supporting Whiteboard-based Interactions (CHI ’98).
ACM Press/Addison-Wesley Publishing Co., New York,
NY, USA, 344–351. DOI:

http://dx.doi.org/10.1145/2807442.2807446

27. Andrés Lucero. 2015. Using Affinity Diagrams to
Evaluate Interactive Prototypes. Springer International
Publishing, Cham, 231–248. DOI:
http://dx.doi.org/10.1007/978-3-319-22668-2_19

28. Pranav Mistry and Pattie Maes. 2008. Intelligent Sticky
Notes That Can Be Searched, Located and Can Send
Reminders and Messages. In Proceedings of the 13th
International Conference on Intelligent User Interfaces
(IUI ’08). ACM, New York, NY, USA, 425–426. DOI:
http://dx.doi.org/10.1145/1378773.1378849

29. Miguel A. Nacenta, Carl Gutwin, Dzmitry Aliakseyeu,
and Sriram Subramanian. 2009. There and Back Again:
Cross-Display Object Movement in Multi-Display
Environments. Human–Computer Interaction 24, 1-2
(2009), 170–229. DOI:
http://dx.doi.org/10.1080/07370020902819882

30. Elin Rønby Pedersen, Kim McCall, Thomas P. Moran,
and Frank G. Halasz. 1993. Tivoli: An Electronic
Whiteboard for Informal Workgroup Meetings. In
Proceedings of the INTERACT ’93 and CHI ’93
Conference on Human Factors in Computing Systems
(CHI ’93). ACM, New York, NY, USA, 391–398. DOI:
http://dx.doi.org/10.1145/169059.169309

31. Kathrin Probst, Thomas Seifried, Michael Haller,
Kentaro Yasu, Maki Sugimoto, and Masahiko Inami.
2011. Move-it: Interactive Sticky Notes Actuated by
Shape Memory Alloys. In CHI ’11 Extended Abstracts on
Human Factors in Computing Systems (CHI EA ’11).
ACM, New York, NY, USA, 1393–1398. DOI:
http://dx.doi.org/10.1145/1979742.1979780

Paper 224

http://dx.doi.org/10.1145/3126594.3126642

http://dx.doi.org/10.1145/274644.274692

34. Mark Stefik, Gregg Foster, Daniel G. Bobrow, Kenneth
Kahn, Stan Lanning, and Lucy Suchman. 1987. Beyond
the Chalkboard: Computer Support for Collaboration and
Problem Solving in Meetings. Commun. ACM 30, 1 (Jan.
1987), 32–47. DOI:http://dx.doi.org/10.1145/7885.7887
35. H. H. Tang, Y. Y. Lee, and J. S. Gero. 2011. Comparing
collaborative co-located and distributed design processes
in digital and traditional sketching environments: A
protocol study using the function-behaviour-structure
coding scheme. Design Studies 32, 1 (Jan. 2011), 1–29.
DOI:http://dx.doi.org/10.1016/j.destud.2010.06.004
36. Edward Tse, Saul Greenberg, Chia Shen, Clifton Forlines,
and Ryo Kodama. 2008. Exploring True Multi-user
Multimodal Interaction over a Digital Table. In
Proceedings of the 7th ACM Conference on Designing
Interactive Systems (DIS ’08). ACM, New York, NY,
USA, 109–118. DOI:
http://dx.doi.org/10.1145/1394445.1394457

37. Mark Weiser. 1999. The computer for the 21st century.
Mobile Computing and Communications Review 3, 3
(1999), 3–11.
38. Pierre Wellner. 1993. Interacting with Paper on the
DigitalDesk. Commun. ACM 36, 7 (July 1993), 87–96.
DOI:http://dx.doi.org/10.1145/159544.159630
39. William Widjaja and Masayuki Sawamura. 2014. Bring
Your Own Device: Ubiquitous Approach to Digital
Affinity Diagram Collaboration. In Proceedings of the
2014 ACM International Joint Conference on Pervasive
and Ubiquitous Computing: Adjunct Publication
(UbiComp ’14 Adjunct). ACM, New York, NY, USA,
287–290. DOI:
http://dx.doi.org/10.1145/2638728.2638766

Page 12

