Chapter 4
Peripheral Tangible Interaction

Darren Edge and Alan F. Blackwell

Abstract Much of our everyday interaction in the physical world is peripheral—
many of the objects that reside on the periphery of our awareness also require or
allow actions in the periphery of our attention, as we briefly touch, handle, move, or
avoid them. When these objects are digitally augmented, computational operations
extend beyond dedicated display screens and leverage our capacity for occasional
and low-attention interactions in the physical world. The research presented in this
chapter analyzes this phenomenon of peripheral tangible interaction. Understanding
the use qualities of the resulting tangible notations is critical to the design of
interfaces aiming to facilitate peripheral interaction. We discuss when and how to
design for peripheral tangible interaction based on systematic analyses of user
activities and of system qualities. We illustrate both through a case study: the design
of ShuffleBoard, a tangible interface for desk work in an office context, in which
interactive surfaces and digitally augmented physical tokens support interaction
with significant tasks, documents, and people, alongside and concurrently with
focal workstation tasks.

Keywords Peripheral interaction - Tangible interaction . Analytic design
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4.1 Introduction

Much of our everyday interaction in the physical world is peripheral—many of the
objects that reside on the periphery of our awareness also require or allow actions in
the periphery of our atfention, as we briefly touch, handle, move, or avoid them.
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66 D. Edge and A.F. Blackwell

When these objects are augmented to represent digital information, computation
extends beyond attention-grabbing display screens, supporting occasional, and
low-attention interactions in the physical world. We call this peripheral tangible
interaction.

In this chapter, we discuss when and how to design for peripheral tangible
interaction based on systematic analysis of user activities and system qualities. We
illustrate both forms of analysis through a case study: the design of ShuffleBoard, a
tangible interface for desk work in an office context. ShuffleBoard is not intended to
be the primary focus of the user’s attention, but is designed to be used alongside a
conventional workstation.

Tangible interfaces have more conventionally been categorized as either
“graspable media” on the one hand—Iocated in the foreground of activity and at the
focus of users’ attention—or “ambient media” on the other, existing in the back-
ground of activity and at the periphery of users’ attention (Ishii and Ullmer 1997).
Both types of system draw on the agenda of “calm technology” that “engages both
the center and periphery of our attention, and in fact moves back and forth between
the two” (Weiser and Brown 1995). However, these two categories also reified the
center and periphery of attention in fundamentally distinct media forms. In the
development of ShuffieBoard, we needed a hybrid concept to describe the periodic,
tangible interaction with peripheral, ambient representations—interaction that nei-
ther fully nor continuously occupies the center of the user’s attention, nor remains
on the periphery. We termed this “peripheral interaction” (Edge 2008), or “pe-
ripheral tangible interaction” (Edge and Blackwell 2009) to distinguish it from
other, non-tangible user experiences.

Unlike transient input modalities such as gesture and speech, the persistence of
tangible objects allows them to provide a notation representing system state as well
as enabling control of underlying information. Tangible notations leverage both the
material form of objects and their configuration in space. In terms of Norman’s
action cycle (Norman 1988), this unification of representation and control can help
to bridge both the gulf of execution (since physical affordances can indicate the
availability of digital actions) and the gulf of evaluation (since physical state can be
tightly coupled to digital state). In other words, the use of tangibles has the potential
to lower cognitive demands to an extent that might not be possible through
non-tangible visual or audio interaction. To help designers fully exploit this
potential, our goal is to provide guidance on both the identification of opportunities
for peripheral tangible interaction and the design of tangible notations that
encourage peripheral interaction in use.

In the remainder of this chapter, we first introduce our case study by describing
the design of ShuffleBoard. We then describe several other peripheral interaction
systems that will be used in design comparisons. We characterize peripheral
interaction through a model of how different workload profiles can help or hinder its
emergence. We then present an analytic design process for the design of tangible
interfaces that have the specific goal of facilitating peripheral interaction, using the
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4 Peripheral Tangible Interaction 67

design of ShuffleBoard as a running example. Finally, we conclude with an outlook
for peripheral tangible interaction, connecting the contemporary concept to a broad
range of theories, technologies, and trends.

4.2 Design of a Tangible Interface for Peripheral Desk
Work

The design of ShuffleBoard arose from an investigation into the potential for tan-
gible interfaces to support desktop work in an office environment. Interviews with
staff at a multinational technology company had uncovered a number of problems
with existing work practices that could benefit from dedicated interaction support
(see Edge 2008 for more).

A perceived problem associated with default email communication was that
people no longer talked to one another as much—not only about particular issues,
but general status. With only weekly project meetings, this had resulted in a general
lack of awareness about the work status of other team members. Other problems
related to the inaccuracy of time sheets; the inability to share information from
physical note books, whiteboards, and sticky notes; and the inappropriateness of
planning work in calendars that failed to reflect the informal reality of how work
was carried out. In all cases, the problems appeared to stem from the interactional
and attentional costs of creating and updating digital information structures about
work, in parallel with actually doing it.

4.2.1 Interface Design

The core of the ShuffleBoard interface is a collection of poker-chip-sized tokens,
laser cut from acrylic sheet, that represent items of common interest wit detailshin a
work group: tasks, documents, and people (Fig. 4.1). Each token has a rotationally
unique, circular pattern of holes. Interaction with these tokens takes place on a
personal interactive surface located to one side of the user’s keyboard, on the side
opposite their mouse (i.e., near the non-dominant hand). We implemented this
interactive surface using a tablet PC augmented with a webcam pointing down at
the surface. The identity of each token is determined from the pattern of light from
the screen shining through its identifying holes. When a token is added to the
surface, the attributes of the corresponding digital object are rendered as a dynamic
“halo” that follows any movement of that token around the surface. This visual
approach offered a reasonably low-cost sensing solution at the time it was devel-
oped, although many alternatives are now available, including the use of capacitive
sensing (Chan et al. 2012), optical sensing through glass fiber (Baudish et al. 2010),
and magnetic-field sensing (Liang et al. 2014).
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68 D. Edge and A.F. Blackwell

Fig. 4.1 Physical token design: (leff) red task token with edge texture corresponding to the task
owner; (center) blue document tokens with material attachments for identification; (right) green
contact tokens with edge texture corresponding to other people in workgroup

A typical physical arrangement of tokens is shown in Fig. 4.2. Specific token
attributes are selected by nudging the token in the direction of that attribute, in the
position where it appears within the surrounding halo. Tokens support up to four
controllable attributes corresponding to the four principal directions of the inter-
active surface, thus striking a balance between information content and ease of
selection. The selected attribute can then be manipulated by turning or pressing a

Fig. 4.2 Token halos on interactive surface. “Talk™ a task token showing its name and
connection to the time line above, estimated time remaining to the right, work time completed to
the left, and action items below. “Documentation” and “Debugging”: tasks overlapping in the time
line. “Reports™: a task token with its halo minimized. “Angela”: a contact token showing a status
of Busy and one task in the overlaid time line at the top of the screen. “Open Specification™: a
document token identified by a disk of sandpaper linking to a collaborative document called
Specification. “Create New”: an unbound document token. Unnamed red token with black Lego
handle (bottom right): calendar tool

darren.edge @microsoft.com



4 Peripheral Tangible Interaction 69

Fig. 4.3 Bimanual interaction design: (leff) user working on the focal workstation PC,
occasionally glancing at the interactive surface; (center) nudging a token in the direction of an
attribute to change; (right) manipulating attribute with control knob

control knob (here, the Griffin Powermate) located on the other (dominant hand)
side of the keyboard (Fig. 4.3).

The deliberate recruitment of both hands ensures that actions are intentional.
Since we wanted to encourage casual touching without focused attention, it was
important that unintentional actions should not require correction. An accidental
knock to a token changes which attribute is selected, but does not change its value.
This bimanual safeguard allows users to make rapid, intentional changes while also
allowing tokens to be freely added, moved around, and removed from the inter-
active surface. Such use of bimanual interaction is supported by the prior experi-
mental finding that given adequate visual feedback, the two hands can operate on
distinct physical objects in disjoint physical spaces and still cooperate in the per-
formance of a common task (Balakrishnan and Hinckley 1999).

All of the design elements introduced so far describe how we crafted each token
as a digital instrument—a physical object that allows the creation, inspection, and
modification of digital information (Edge 2008). Whereas conventional graphical
interfaces require digital objects to either rest on the virtual desktop or be retrieved
through transient menu and window structures, using tangible tokens as digital
instruments allows such objects to be freely moved on, off, and around the surface.
A screenshot of the ShuffleBoard surface displaying information “halos” around
token positions is shown in Fig. 4.4.

The benefits of using tangible objects extend beyond their use as digital
instruments. Our five-week field deployment of ShuffleBoard in a small technology
company identified five further roles that tangible tokens can play in interface
design. Tokens can act as a knowledge handle, helping users to remember, think
about, and plan actions on its digital referent. Placing a token in a meaningful or
memorable location, or arranging it with respect to other tokens, allows the token to
act as a spatial index that leverages the structure of the physical environment. The
physical form of a token allows it to act as a material cue for its visual detection and
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4 Peripheral Tangible Interaction 71

identification. In social settings, the persistence of a token allows it to act as a
conversation prop supporting deictic references to digital objects. Tokens can also
act as a social currency, signifying roles, rights, and responsibilities through pos-
session and exchange. Each of these qualities brings potential advantages over
graphical user interfaces. The following sections describe how we designed the
ShuffleBoard token types to support such interactions.

4.2.2 Task Tokens

Task tokens are cut from red acrylic in sets of 20 per user, with each set having a
distinctive edge texture associated with the owner. The number of task tokens
belonging to each user is deliberately constrained such that they become a scarce
resource; owners need to decide which tasks are most important, recycling tokens
accordingly. The physical transfer of task tokens acts as a proxy for delegation of
tasks. These interactions are facilitated by the ability to annotate the surface with
dry-erase markers.

Task management and time management are closely interrelated, and the digital
representation of tasks is coupled with the digital representation of time—a calendar
“time line” that forms the uppermost border of the interactive surface (Fig. 4.4, top).

The conceptual model underlying the digital representation of tasks is based on
three user-controllable attributes: planned completion date, estimated work time
remaining, and action items. Each can be selected by nudging the token in that
direction, allowing modification by the control knob. Latest restart date and work
time completed are derived from these primary attributes. Each task attribute is now
described in turn.

Planned completion date is represented by the rightmost arc extending from the
top of the task halo to the corresponding date on the time line.

Estimated work time remaining is represented numerically on the right of the
halo by a time value, and graphically by a series of five overlapping, semicircular
scales, corresponding to durations up to 1, 4, 10, 40, and 100 h, respectively. Each
scale is broken down into 12 increments, allowing time estimates to be specified at
a granularity commensurate with their probable accuracy: to the closest 5, 15, 30,
90 min, and 5 h, respectively.

Latest restart date is represented by the leftmost arc extending from the top of
the task halo to the corresponding date on the time line. It is derived from the
planned completion date, the estimated work time remaining, the scheduled
working hours per day over the course of the task, and the number of overlapping
tasks (under the assumption of an equal division of labor among tasks overlapping
in time).

Action items are represented as a list of actions below the task token, accom-
panied by a “New Action...” control. Rotating the knob moves a cursor through the
list, while pressing the knob allows the user to enter a new item or edit the selected
item on the focal PC.
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72 D. Edge and A.F. Blackwell

Work time completed is represented on the left side of the task token halo,
opposite the work time remaining. Nudging a task token then pressing the control
knob toggles a timer that dynamically counts down from the estimated work time
remaining. At most one token can be active at a time, and nudge-click on a different
token will automatically transfer the timer to the new task. The currently active
token is highlighted with an animated ring slowly pulsing around it.

4.2.3 Document Tokens

Document tokens are cut from blue acrylic and are plain disks, with no distin-
guishing edge textures. They are shared between all ShuffleBoard users, who can
take them as desired from a single tray containing both document tokens and
document-token materials. These materials are used for rapid recognition and
identification of tokens in the physical environment and attach to tokens via circular
recesses cut into the center of tokens’ facing surfaces using Velcro.

Document tokens link to online collaborative editors, providing both identifiers
and access control. Documents can be opened by placing the corresponding doc-
ument token on an interactive surface and nudging it in any direction, followed by
pressing the control knob. Placing an unlinked document token next to the token for
an existing document activates a cloning mode in which clicking the control knob
binds the new token to the existing document. There is no concept of document
ownership, only of document-token possession. Anyone in possession of a docu-
ment token may clone it and share access with anyone else.

Document tokens facilitate awareness among contacts by listing all users who
are currently interacting with the document, or might do so. This lightweight form
of social access control provides opportunities for ad hoc informal collaborations
that are otherwise difficult to manage. It also creates opportunities for face-to-face
interaction around the exchange of document tokens.

4.2.4 Contact Tokens

Contact tokens are cut from green acrylic and represent other members of the team
or work group, existing primarily to support mutual awareness. Whereas document
tokens provide a means of passively monitoring document interest, contact tokens
allow the user to inspect and passively monitor the work status and work progress
of other users. Each user has a contact token representing themselves, as well as
tokens for each other ShuffleBoard user. The contact token representing a user has
the same edge texture as the task tokens for that user.

When a contact token is placed on the interactive surface, the resulting digital
“halo” displays the name and work status of the associated user. A user changes
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4 Peripheral Tangible Interaction 73

work status by nudging their own contact token upward and pressing the control
knob.

When the contact token for another person is placed on the ShuffleBoard surface,
the time line for that person is displayed above the user’s own time line for
comparison. This allows users to passively and peripherally monitor the work plans
and progress of one another as they are updated in real time, which aims to address
the reduced level of mutual awareness that can easily occur in the time between
formal meetings.

4.2.5 Calendar Tool

Each user also has a special red token—a calendar tool—to interact with the time
line. It can be used to adjust the expected number of available working hours, adjust
the time line scale, and navigate the time line by scrolling with the control knob.

4.3 Related Work in Peripheral Interaction

In this section, we introduce systems and studies that have further demonstrated the
potential for peripheral interaction since its initial conceptualization in the design
and evaluation of the ShuffleBoard interface. In subsequent sections, we compare
and contrast the associated system designs to the design of ShuffleBoard, focusing
on their relative expression of use qualities that may help or hinder the emergence
of peripheral interaction in practice. These comparisons also illustrate the generality
of the presented use qualities themselves, through their application to systems
targeting diverse user activities.

The CawClock (Bakker et al. 2012), NoteLet (Bakker et al. 2012), and FireFlies
(Bakker et al. 2013) systems all aim to facilitate peripheral interaction in a primary
school classroom context. The first system, CawClock, is an augmented analog
clock visible to both teacher and children that allows partitioning of the clock face
into discrete time sectors corresponding to the intended pacing of the current lesson.
This partitioning is accomplished by arranging up to four tangible tokens, each with
a different color and associated animal, around the perimeter of the clock face. As
the minute hand passes through a particular sector, the system plays a soundscape
based on the sound of the corresponding animal. The frequency of animal noises
within a sector progressively increases until the minute hand leaves the sector. The
tangible partitioning is sufficiently direct that the teacher can make adjustments
through interaction on the periphery of her attention, while both teacher and chil-
dren can benefit from peripheral aural awareness of lesson-time progression. The
second system, NoteLet, combines a wearable wristband device and a camera
located in the corner of the classroom. The teacher can make impromptu obser-
vations for later reference by either squeezing the wristband for a generic
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observation or by pressing a wristband button labeled with the name of a particular
child being observed. The system responds by taking a time-stamped photograph
that is also annotated with the child’s name used to capture it (if any). The third
system, FireFlies, is an open-ended tool for lightweight communication between
teachers and children. It comprises a light object located on each child’s desk,
capable of illumination in each of four colors, a continuous animal-noise sound-
scape based on the distribution of colors, and a wearable teacher tool that allows the
teacher to assign colors to children’s light objects (e.g., to indicate a general status
like independent work time, specific feedback like “you are working well,” or
commands like “come to see me”). FireFlies adds the notion of a peripheral light
display to the concepts of a peripheral soundscape (from CawClock) and a
peripheral, wearable control tool (from NoteLet). It is similar to ShuffleBoard in the
respect that multiple tangible representations distributed throughout environment
are controlled through a single control tool located ready to hand.

Another desktop target for peripheral interaction is the control of background
music with minimal interruption to the user’s primary activity on a focal PC. In an
8-week in situ deployment study (Hausen et al. 2013), four different modalities for
peripheral music control were evaluated: using dedicated media keys on a physical
keyboard, using a graspable knob supporting turn and press actions, using tap and
stroke gestures on a touchpad, and using hover and wave gestures in front of a
freehand gesture sensor. Dominant-hand interaction with a graspable knob, as used
in the ShuffleBoard interface, was found to offer the greatest support for interaction
on the periphery. In another study on alternative forms of peripheral music control
(Probset et al. 2014), an interactive chair that interprets directional tilt gestures was
shown to offer a shorter transition time back to the primary task after executing the
desired command, at the expense of greater execution time, than directional swipe
gestures on a dedicated tablet or the use of arrow keys on the existing keyboard
(both of which require a hand to leave the position established by the primary task).
Participants also welcomed the “promotion” of music control through dedicated
tangible means, which resulted in increased engagement with that activity. This
aligns with one of the findings from the evaluation of ShuffleBoard that tangibility
has symbolic value in terms of communicating what is most important to users in
their spatial and social contexts (Edge 2008).

Finally, a similar pair of contrasting approaches has also been developed for
peripheral interaction with social media status indicators. In Do Not Disturb
(Olivera et al. 2011), the user orients a regular polyhedron (e.g., a 12-sided
dodecahedron) such that the uppermost face depicts their current “mood” from a
fixed set of alternatives. In StaTube (Hausen et al. 2012), the user rotates an
illuminated cylindrical knob to set a color-coded presence status (online, away, or
do not disturb). This knob sits on top of a stack of illuminated disks indicating the
presence status of selected social media contacts, supporting peripheral awareness
as well as peripheral control of presence in a similar manner to contact token status
messages in ShuffleBoard.
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4 Peripheral Tangible Interaction 75

4.4 Defining Peripheral Interaction

We have previously defined peripheral interaction from several perspectives. Our
most general definition emphasized that peripheral interaction could arise through
each of two possible channels: the digital objects of interaction (i.e., the information
tasks achieved through action) being peripheral to the user’s primary activity, and
the physical objects of interaction (i.e., the tangible means of representation and
control) being peripheral to the user’s primary location and orientation in space.

Peripheral interaction can be seen as any kind of interaction with objects — physical or
digital — that do not occupy the typical center of the user’s attention. (Edge 2008, p. 20)

Our more specific definition in the context of the ShuffleBoard case study built
on both of these aspects and further highlighted the role of task switching over time:

Peripheral interaction is about episodic engagement with tangibles, in which users perform
fast, frequent interactions with physical objects on the periphery of their workspace, to
create, inspect and update digital information which otherwise resides on the periphery of
their attention. (Edge 2008, p. 20, emphasis added)

Expanding on these definitions, we observe that peripheral interaction can arise
from related interactions that are sufficiently low-intensity or low-volume so as not
to occupy the user’s center of attention. To put it another way, interaction can
remain peripheral as long as the workload imposed by the interaction does not
consume so many resources that it becomes the de facto focus of attention.

An established method for the subjective assessment of workload is the NASA
Task Load Index or NASA-TLX (Hart and Staveland 1988). Although developed
for the analysis of task performance, the six factors it uses to differentiate different
sources of workload—temporal demand, mental demand, physical demand, effort,
performance, and frustration—all play a role in determining the extent to which
interaction can be performed on the periphery of attention.

The most significant component of workload for peripheral interaction is tem-
poral demand. The original definition refers to the perceived time pressure due to
“the rate or pace at which the tasks or task elements occurred,” which can also be
quantified by “comparing the time required for a series of subtasks to the time
available” (Hart and Staveland 1988). Translating this concept to the domain of
peripheral interaction, we can say that the peripheral work volume with respect to
the user’s focus (which may vary, or be unoccupied) is the proportion of time spent
preparing for, performing, and recovering from peripheral interactions. Beyond
some threshold in that work volume, interaction will always cease to be peripheral,
instead becoming the main focus. However, a sufficiently high peripheral work
intensity of the peripheral interactions themselves, arising from the other five
non-temporal components of workload, may also demand the user’s attention to the
extent that those interactions become focal. In the general case, however, it is the
combined contributions of both these components—the peripheral workload—that
determines the resources remaining for focal work and the potential for interaction
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Fig. 4.5 How peripheral work intensity and peripheral work volume trade-off against one another
for a given peripheral interaction workload. If interactions require too many resources or occupy
too much time, they cease to be possible on the periphery of attention. Curves indicate that a
balance between intensity and volume is more conducive to peripheral interaction than unbalanced
combinations, since increases in either dimension have an additional, knock-on effect on the focus
that can be achieve in the focal activity (Table 4.1)

on the periphery. These relationships are visualized in Fig. 4.5 and connected to the
NASA-TLX components of workload in Table 4.1.

The value of this workload model is that it unifies the “attentional” and “temporal”
definitions of peripheral interaction, in terms consistent with the attention investment
framework for analysis of notation use (Blackwell 2002). During the design process,
we can therefore describe how the abstract use qualities of an interface design
combine to create a workload profile (expressed in terms of established NASA-TLX
components) that determines the suitability of the interface for peripheral interaction.
We give a detailed walkthrough of such a design process in the next section, using
workload analysis to determine which use qualities best support peripheral interac-
tion and illustrating each use quality with examples from the design of the
ShuffleBoard interface and from other peripheral interaction systems.

4.5 Designing for Peripheral Tangible Interaction

We now present an analytic design process for the creation of interfaces aiming to
facilitate peripheral tangible interaction. This process is a revised version of the
process we have previously developed for the design of tangible interfaces in
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Table 4.1 How NASA-TLX workload components affect peripheral interaction potential

Workload source Workload Impact on peripheral interaction
component
Objective Temporal demand | Can increase peripheral work volume past the
demands of the Mental demand threshold at which interaction becomes focal and
task Physical demand decrease the time available for focal work
Behavioral Effort Can increase peripheral work intensity as well as
response to task Performance induce and accumulate fatigue in ways that
(inverse scale) negatively impact focal work (equivalent to an
increase in peripheral work volume)
Psychological Frustration Can increase peripheral work intensity and/or
response to peripheral work volume if the user responds with
behavior greater attention and/or time in subsequent

interactions, otherwise can negatively impact focal
work by causing an ongoing distraction

general (Edge 2008; Edge and Blackwell 2009). It can be viewed as a rational,
progressive refinement across three stages:

1. Activity analysis identifies user activities that could benefit from peripheral
tangible interaction.

2. Notation analysis identifies the profile of use qualities that would facilitate or
hinder peripheral tangible interaction with target activities.

3. Interface design generates candidate interface designs whose use qualities can
be compared both to one another and to the target profile of use qualities.

The following sections elaborate on each of these stages, which together address
the questions of when and how to design for peripheral tangible interaction.

4.5.1 Activity Analysis

Our design process begins with a consideration of which kinds of user activity
might benefit from peripheral tangible interaction and the mechanisms by which it
might help. We break this down by considering the potential for Fluency of
peripheral interaction and how this might help lower the costs of activity switching,
the different Organizations of activities and how they can create opportunities for
peripheral interaction, the different Rhythms associated with episodes of peripheral
interaction and how they might suit different purposes, and the different Meanings
assigned to the objects of peripheral interaction and how they arise from different
kinds of activity. We describe this as analyzing the potential FORM of peripheral
interaction in support of a target activity. By answering a series of probing ques-
tions associated with each of these concerns, the designer can develop a deeper
understanding of whether peripheral interaction could support a range of candidate
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activities in a given context or for a particular purpose, as well as how such
interaction might be realized in the form of concrete interface designs.

4.5.1.1 The Fluency of Peripheral Interaction

Peripheral interaction can lead to a perception of economy compared with
achieving the same goals through sequential actions that need complete attentional
focus. In the neuroeconomic model of attention investment (Blackwell 2002), this
corresponds to reduced cost of notational action. Three major contributing factors
for fluent interaction are economy of orientation, economy of action, and economy
of transition. Considering how each could support a target activity will provide an
initial indication of the potential for peripheral interaction.

Economy of Orientation How could peripheral tangible interaction help users to
orient their attention toward potential activity goals that may otherwise become
neglected or forgotten as a result of interruptions, distractions, and overload? For
example, the tokens in the ShuffleBoard interface provide persistent physical
reminders (tasks to do, documents to work on, and people to follow) that can be
freely distributed throughout the user’s workspace for coarse, spatial orientation.
A similar effect is achieved through the physical distribution of light objects in the
FireFlies interface (Bakker et al. 2013). In general, increasing the economy of
orientation can reduce the mental demand, temporal demand, and effort of recalling
and comparing possible goals before taking actions toward the chosen goal.

Economy of Action How could peripheral tangible interaction help users to
achieve goals in fewer, simpler, or faster actions, in ways that leverage multiple
physical objects, multiple degrees of freedom of physical objects, or multiple
dimensions of the physical world? For example, in the ShuffleBoard interface,
coarsely nudging a token toward the location of an attribute in its digital infor-
mation halo simultaneously selects both the corresponding digital object and
attribute of that object. Accurate control of the selected attribute is then delegated to
the single control knob, which is operated in parallel by the other hand." A similar
streamlining tactic is used in the NoteLet system (Bakker et al. 2012), in which
pressing a button corresponding to a child’s name simultaneously takes a pho-
tograph and annotates it with a time stamp and the name of the child. In general,
increasing the economy of action can reduce the physical demand, temporal
demand, and effort of executing related action sequences following an activity
transition.

"The interactive surface and control knob are positioned such that the non-dominant hand leads
with coarse “nudge” operations, setting a frame of reference for the dominant hand to follow with
accurate “turn” operations. This asymmetric bimanual division of labor follows the kinematic
chain model of human bimanual skill (Guiard 1987) and allows interactions that are fast, accurate,
and intentional.
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Economy of Transition How could peripheral tangible interaction help to mini-
mize the costs of transitioning between the peripheral and focal activities, by
digitally augmenting or reconfiguring the user, environment,” or activity? For
example, in the ShuffleBoard interface, the interaction elements can be acquired by
pivoting slightly to one side.” Repeating this movement over time could help to
develop the spatial and muscle memory that allows the transition to occur habitually
and automatically, as occurs with mouse and keyboard. The interactive chair for
peripheral music control (Probset et al. 2014) is motivated by a similar consider-
ation of the user’s relationship with the physical environment. In general, increasing
the economy of transition can reduce the physical demand, temporal demand, and
effort of repeatedly switching to and from the peripheral activity.

4.5.1.2 The Organization of Peripheral Interaction

Peripheral interaction can be configured in multiple ways with respect to the areas
of separation and overlap between the focal and peripheral activities. Three
prominent organizational forms are peripheral interaction with an embedded
activity, a background activity, and a coupled activity. Considering how well a
target activity could be supported by each of these forms will establish the focus
against which interaction can be peripheral.

Embedded Activity How could peripheral tangible interaction help the user to
perform a neglected subactivity in parallel with its parent activity, in ways that
allow timely processing of subactivity tasks resulting from the parent activity? For
example, the task tokens in the ShuffleBoard interface allow users to peripherally
track the time spent on a task and update their estimate of the time remaining while
actually working on that task on the focal workstation. Similarly, the FireFlies
system (Bakker et al. 2013) is designed to support lightweight communication

ZReconfiguring the environment to create entry points for initiation and resumption of activities
(Kirsh 2001) is known as jigging (Kirsh 1995). Strategies for arranging physical objects in the
environment include arrangement by importance, function, frequency-of-use, and sequence-of-use
(Sanders and McCormick 1987).

30f the fundamental kinematic pairs (Reuleaux 1876) for the representation and control of 1D
values—turning pairs (e.g., knob or joint), sliding pairs (e.g., slider or telescope), and twisting
pairs (e.g., nut or bolty—only the knob can be adapted as a stateless control of 1D values in an
unlimited range (Edge and Blackwell 2006). Any other pair necessarily embodies a value (e.g., the
angle of a joint or position of a slider). A knob is therefore superior for temporal multiplexing
(Fitzmaurice 1996) in which the same control is bound to different representations over time.
A mouse performs the same kind of control multiplexing in 2D, while the fixed key mappings of a
keyboard and the fixed (until recycled) token mappings in the ShuffleBoard interface are examples
of spatial multiplexing of control and representation, respectively.
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about classwork while children are engaged in that work. In general, peripheral
interaction with an embedded activity can reduce the mental demand of remem-
bering to later switch to that activity and batch process the outstanding tasks, while
also raising performance and lowering frustration compared with delayed serial
processing.

Background Activity How could peripheral tangible interaction help the user to
perform a neglected activity in the background, independent of their current focus,
in ways that encourage more frequent and habitual interactions? For example, the
contact tokens in the ShuffleBoard interface provide information about the status
and activity of others. Developing the habit of adding contact tokens to the inter-
active surface and glancing at them periodically can help to increase mutual
awareness within a team. StaTube (Hausen et al. 2012) operates on a similar
principle. In general, prioritizing a background activity by creating the means for
progress by peripheral interaction can reduce the mental demand of remembering to
switch to that background activity (especially when there are no switching triggers
in the user’s focal activities) and increase the temporal demand of the background
activity up to an acceptable level.

Coupled Activity How could peripheral tangible interaction allow the coupling of
activities as single hybrid activity, such that any time spent interacting for the
purpose of one activity automatically makes progress in the other, coupled activity?
For example, in the ShuffleBoard interface, a side effect of using task tokens to
manage the scheduling of individual tasks is that the user can immediately visualize
the slack in their schedule after the overlap of tasks has been accounted for, i.e.,
time that can pass before the user must work full time on tasks in order to finish
each task precisely on its deadline. Such “slack monitoring” is an important
ongoing activity, but it no longer needs frequent user reflection after it has been
offloaded to the “task management” interface. The CawClock (Bakker et al. 2012)
similarly couples the activities of planning the pacing of a lesson and communi-
cating that plan during the lesson itself. In general, coupling activities such that one
or both may be performed on the periphery can reduce the temporal demand of
scheduling independent activities and the mental demand of remembering to do so.

4.5.1.3 The Rhythm of Peripheral Interaction

The intervals between episodes of peripheral interaction can reflect the natural
structure and flow of the target activity. Three significant rhythms are peripheral
interactions at regular intervals, contracting intervals, and expanding intervals.

Regular Intervals How could regular intervals between peripheral tangible
interactions benefit user activities by helping to develop habits, maintain aware-
ness, and support consistent progress? For example, the interactive surface in the
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ShuffleBoard interface provides a variety of information about tasks, documents,
and people, with the goal of encouraging regular glances to maintain awareness of
plans and progress even when the user is not in the process of actively updating
token information. StaTube (Hausen et al. 2012) encourages similar regular glances
to maintain awareness of contacts’ presence status. In general, the more frequently
the regular intervals occur, the greater the resulting temporal demand.

Contracting Intervals How could contracting intervals between peripheral tan-
gible interactions benefit user activities by helping users to track and manage their
progress toward approaching times, dates, deadlines, or events? For example, in
the ShuffleBoard interface, interactions with task tokens are likely to increase in
frequency as the task due date approaches. Our nonlinear scale for estimating the
task work time remaining supports finer-grained estimates for shorter times
remaining, encouraging more frequent interactions as tasks reach completion (e.g.,
to help others prepare for handover). Similarly, the density of animal noises in the
CawClock soundscape (Bakker et al. 2012) increases as time runs out without a
sector, encouraging more frequent time checks. In general, contracting intervals
increase temporal demand for the target object, while across a collection of objects,
the overall demand could remain relatively constant.

Expanding Intervals How could expanding intervals between peripheral tangible
interactions benefit user activities by following natural patterns of reinforcement,
or reflecting a reduction in relevance over time? For example, in the ShuffleBoard
interface, a user may repeatedly interact with a document token as they author the
document, but then interact with reduced frequency as the document stabilizes over
time. On receiving a document token that links to an existing document, a user may
also interact more frequently at the outset of the interaction when the content is
unfamiliar, but then refer to it with reduced frequency over time as that content is
reinforced through interaction. Similarly in FireFlies (Bakker et al. 2013), light—
object interactions may follow expanding intervals with many early interactions as
children encounter difficulties, followed by fewer and fewer interactions as children
overcome those difficulties.

4.5.1.4 The Meaning of Peripheral Interaction

Peripheral interaction draws meaning from the activities it supports, and activities
can demand support in a variety of areas. Three major sources of meaning are
contributions to instrumental support, cognitive support, and communication sup-
port. Considering the extent to which each is required by the target activity will help
to constrain the physical form and characteristics of the resulting notation.

Instrumental Support How could tangibles facilitate peripheral interaction to
create, inspect, or modify digital state in the context of the target activity? For
example, in ShuffleBoard, tokens provide privileged physical access to important
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digital tasks and documents, as well as dedicated physical control over their digital
attributes. The tokens provide an instrumental advantage over conventional digital
means of accessing and updating the same information. The interactive chair
(Probset et al. 2014) provides a similar kind of privileged physical access to digital
music control. In general, instrumental support is similar to economy of action in
that it can reduce physical demand, temporal demand, and effort (although economy
of action can apply to all interactions, not just instrumental ones).

Cognitive Support How could tangibles facilitate peripheral interaction that
creates and uses memory cues or other forms of external cognition” in the context
of the target activity? For example, in ShuffleBoard, tokens can be annotated,
adorned with distinctive materials, and positioned in meaningful locations. Even
though these physical actions have no direct effect on instrumental uses of tokens as
ways of accessing and updating digital information, they make it easier for users to
recall, think about, and make decisions about that information. The open-ended
interpretation of light object colors in FireFlies (Bakker et al. 2013) provides a
similar kind of support. In general, cognitive support is similar to economy of
orientation in that it can reduce mental demand, temporal demand, and effort
(although economy of orientation can also apply to instrumental actions).

Communication Support How could tangibles facilitate peripheral interaction
through their use as conversational props, communication channels, and repre-
sentations of rights, responsibilities, and ownership? For example, in ShuffleBoard,
task tokens have edge textures representing the owner of that task. Provisionally
assigning tasks to tokens in meetings allows people to take responsibility for
completing different tasks. Receiving a task token from someone is a physical
reminder to both complete the task and return the token, while receiving a docu-
ment token represents the right to access the document. Finally, contact tokens
provide a lightweight channel through which activity and status can be shared, like
Do Not Disturb (Olivera et al. 2011). In general, communication support can
improve the performance of teams meeting in the same space as well as the sub-
sequent performance of individuals as a result of improved clarity and coordination.

4.5.2 Notation Analysis

The application of activity analysis results in a better understanding of how
appropriate different forms of interface and interaction might be for supporting the
activities of the target domain. The purpose of notation analysis—the next stage of

“The premise of external cognition is that cognition encompasses both internal representations “in
the head” and external representations “in the world” (Scaife and Rogers 1996). It includes
organizing physical objects to simplify choice, perception, or internal cognition, as well as using
them to support epistemic actions that make mental computation easier, faste