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What are Mobile Technologies?

• Not just phones and tablets...
• Every technology with which

– input/output is taking place relative to your body
– while you can move
– otherwise: just portable, not mobile

10
http://codezqr.com/blog/wp-content/uploads/2013/04/Phones-and-tablets.jpg
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Present example: Smart Watches
• several new models on the market in 2013
• primary use case: smart phone substitute
• enables more peripheral interaction
• social acceptance (discussion?!?)
• watch http://www.uxcite.de for discussion
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Future Example: 6th sense
• http://www.youtube.com/watch?v=Dxnoib7-vx8 
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new context of use ... and its issues
• not just stand-alone devices anymore.. 
• dynamic interactive environment setup.
• interaction across multiple devices - 

technological challenges. 
– phone = pixel, (chris harrison)

• interaction using larger muscle groups 
–  fatigue effects

• using proximity and body language in interfaces.
– accidental input (e.g., Charade by Baudel et al.)
– proxemic Interaction (e.g., Nicolai Marquardt 2013)

• new form factors - e.g., cloth, flexible, 
• gadget overload? - see the 6th sense video

13
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Question:
• input and output distributed in the environment.
• any ideas for interaction techniques to set up devices 

or send information to distant displays?

14
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Pan-Zoom on Large Displays

• http://mathieu.nancel.net/videos/CHI_11_CamReady_GoodRes_SD.mov
15
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Pan-Zoom on Large Displays
• fatigue effects when using larger body groups
• guidance of input movements
• interesting physiomotoric interaction effect 

between pointing and circular zoom gesture

16
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Phone as a pixel
• https://www.youtube.com/watch?v=zuFIUXfS1kU
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Using proximity and body language 
in interfaces
• different spaces. issues with co-workers when 

designing interfaces using ‘direct touch’
• cultural issues as well
• different formation of people

– different tasks (teaching, what else???)

18

BACKGROUND

F-formations in social interaction 
In Conducting Interaction, Kendon [15] describes an 
individual as having a space called a transactional segment 
into which they typically direct their attention and 
manipulate objects. The size of this space can vary 
depending upon the activity in which they are engaged, 
e.g., watching television versus using an ATM. The 
transactional segment of an individual is defined in 
relationship to their lower body. Thus by turning their head 
or shoulders, they can direct their gaze out of it. An F-
formation (or facing formation [18]) is formed whenever 
two or more people arrange themselves such that their 
transactional segments overlap, creating a joint 
transactional space termed an o-space to which they have 
equal and exclusive access (see Figure 1). The area 
occupied by the participants themselves is termed the p-
space and the area outside the F-formation is referred to as 
the r-space. Kendon notes that while the r-space is not 
directly used by the participants in the F-formation, it is 
monitored by them and it is where someone who wishes to 
join the grouping will approach, until the formation 
reconfigures to include them. The term F-formation system 
refers to the co-operative spatial and postural behaviours by 
which people create and maintain this o-space, for 
example, by increasing the distance between participants 
and stepping to the side to provide an opportunity for 
another person to join the formation. 
Based on a series of detailed video-analytic studies of 
social interactions, Kendon describes different spatial 
patterns that can constitute an F-formation (see Figure 2), 
including the circular arrangement shown in Figure 1, 
which is common to free-standing groups of three or more, 
who might also form, rectangular, semi-circular or linear 
arrangements; the vis-a-vis arrangement formed by two 
individuals facing each other; the L-arrangement, where 
two individuals stand facing perpendicularly to each other 
as if standing on the two edges of the letter ‘L’; and the 
side-by-side arrangement where two participants stand 
close together facing in the same direction. The type of F-
formation configuration taken up can be influenced by 
environmental features, such as standing next to a wall or 
path, but the details of how environmental features 
influence spatial patterns of interaction have not been 
studied in depth [15, 16].

F-formations are already known to researchers in CSCW, 
having been discussed in relation to distributed 
technologies such as virtual environments (e.g., [17]) and 
video conferencing (e.g., [31]). However, for the purposes 
of this paper, studies that have used F-formations in the 
analysis of co-located interactions by people around 
technology are more pertinent. In their analysis of how 
children build physical programs with the AlgoBlock 
system, Suzuki and Kato [30] described how periods of 
collaborative working were negotiated by children through 

standing up and bringing their transactional segments into 
alignment, whereas when they wished to watch the 
consequences of running a programme, they would turn 
away from each other and sit down facing the screen. 
Hornecker [11] has been influenced by Kendon and by 
Suzuki and Kato in developing her concept of embodied 
constraints, which suggests that people can be encouraged 
to collaborate or not through material, hardware and 
software constraints and affordances. However, the details 
of what these constraints and affordances might be in 
particular situations remains to be worked out.
Morrison and colleagues [21] have carried out perhaps the 
most empirically-grounded study of the impact of a 
technological intervention on the structure of F-formations 
in their comparison of hospital ward rounds carried out 
before and after the introduction of electronic patient 
records. They describe how the diminished visibility of the 
electronic records on a small screen, compared with paper, 
impacted both the ability of consultants to lead discussion 
and of other medical staff to participate in the conversation.

Space and social interaction around technology
With the growth of research on ubiquitous computing has 
come about an increase in studies of how technologies 
influence social interactions in real-world physical 
contexts. From studies in contexts such as museums, a rich 
descriptive picture is emerging of how people find out how 
to use technologies by watching those nearby and create 
engagement and participation through performative 

Figure 1: a circular three person F-formation. An o-space is 
formed by their overlapping transactional segments

Figure 2: some different F-formation configurations. 
a. L-arrangement; b. face-to-face; c. side-by-side; d. semi-

circular; e. rectangular

a b c

d e
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Literature: Marshall, P. et al. “Using F-formations to Analyse Spatial Patterns of 
Interaction in Physical Environments”. CSCW 2011
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Proxemics for cross-device interaction
• https://www.youtube.com/watch?v=HYt0qAJ4y9c
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Proxemic Interactions to mediate 
interaction
• https://www.youtube.com/watch?v=OHm9teVoNE8 

20

https://www.youtube.com/watch?v=OHm9teVoNE8
https://www.youtube.com/watch?v=OHm9teVoNE8
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Mobile phones: social issues 
• https://www.youtube.com/watch?v=OINa46HeWg8

21
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Let‘s discuss these issues:

• (un)divided attention
• not living in the moment, instead trying to 

capture the moment
• hyper-multi-tasking?

• privacy issues 
– e.g., current research of Alina Hang and Emanuel 

von Zezschwitz
– e.g., http://pleaserobme.com/why 

• ethical issues of designing technology, 
– how do you want your future to be??? 
– what does society accept? 

22

http://pleaserobme.com/why
http://pleaserobme.com/why
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Example: biometric unlock pattern

23
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Example: fake cursors

24
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Interaction in cars

25
http://www.autocarbike.com/ford-focus-rs-will-get-350-horsepower/ford-focus-st/
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A specific multi display environment

26

HUD

CID

IC
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Types of tasks
• primary task: driving (stabilizing, collision avoidance)
• secondary tasks: e.g., navigation, signalling, ...
• tertiary tasks: entertainment, communication, ...

27
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Some legal requirements
• Eye gaze

– should ideally be on the road all the time
– aversions should not be too long or frequent
– how about HUD???
– i.e. all tasks must be interruptible

• hands on the wheel!

• No animations allowed
– are assumed to distract
– certainly valid for primitive blinking etc.
– also valid for smooth transitions?
– might avoid change blindness

28
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A specific test: the lane change task

• follow a 3 lane highway for a while
• change lanes according to signs

– first without sec. task (baseline)
– then with secondary task

• compute area between ideal and 
actual path

• larger area means more distraction!
29
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New Body configurations
• standing

– device held in hand, i.e. no fixed support
– will desktop models still work???

• walking
– everything is in motion (precision??)
– „secondary“ task of not running into things

• lying on the sofa...

30
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Theories and Models
• descriptive power:

– complex multi-limb coordination
• bimanual interaction: Guiard’s kinematic chain theory

– was briefly mentioned in MMI 1 lecture last SS

• spatial relationship between device and body matters
– BiTouch Design Space, extension of Guiard’s theory

– http://hal.archives-ouvertes.fr/docs/00/66/39/72/PDF/bipadA.pdf 

• multi-touch interaction
– proton++ formal language to describe multi-touch gestures

– direct manipulation
• cognitive aspect: buxton’s chunking and phrasing, miller?
• instrumental interaction as extension

• predictive power: 
– FFitts’ law: modeling touch with fitts law

• generative power: body-centric design space 
(maybe in next section)

32
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Complex Multi-limb Coordination
• Bimanual interaction

– is not the sum of two uni-manual actions
– remember sketchpad!

• Whole body interaction

33

http://www.lecker.de/media/redaktionell/leckerde/backen_1/
weihnachten_10/plaetzchenbacken/hbv_1382/muerbeteig-
ausrollen_img_308x0.jpg
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bimanual interaction

• symmetric bimanual action: the two hands 
have the same role

• asymmetric bimanual action: the two hands 
have different roles

34
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Guiard’s Kinematic Chain

35

“Under standard conditions, the spontaneous 
writing speed of adults is reduced by some 20% 
when instructions prevent the non-preferred 
hand from manipulating the page”

Literature:  Yves Guirad (1987). Asymmetric Division of Labor in Human Skilled Bimanual Action: 
The Kinematic Chain as a Model
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• Guiard’s principles
– Right-to-left spatial reference

• The non-dominant hand sets the frame 
of reference for the dominant hand

– Left-right contrast in the spatial-
temporal scale of motion

• Non-dominant hand operates at a 
coarse temporal and spatial scale

– Left hand precedence in action

• Kinematic chain
– each limb a motor if it contributes to the 

overall input motion.

• Kinematic chain theory
– although separated, the two hands 

behave like being linked within the 
kinematic chain.

37

Dominant arm

input motor 
assembly

http://www.lobshots.com/wp-content/uploads/2011/08/lobster_560x375.jpg
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How do people naturally hold tablets?
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The Role of Support
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Thumb Bottom 
(TBottom)

Thumb Corner 
(TCorner)

Thumb Side 
(TSide)

Fingers Top 
(FTop)

Fingers Side
(FSide)

Figure 2. Five spontaneous holds (portrait orientation).

positions included the four screen borders and horizontally
and vertically in the screen center.

Participants were asked to hold the iPad comfortably and
perform each task as quickly as possible. They were allowed
to adopt a new hold only when beginning a new block.
Sessions lasted approximately 45 minutes. At the end, we
debriefed each participant as to the true goal of the study to
learn how they chose to hold the tablets. We first asked them
to reproduce the holds they had used and then to adapt them
so that the fingers or thumb of the support hand could reach
the touch screen. We asked them to rate comfort and ease
of interaction when using the support hand to interact and
whether they had suggestions for other holding positions.

Data collection. We videotaped each trial and coded how
participants supported the tablet with the non-dominant hand,
wrist or forearm. We collected touch events, including those
that occurred outside experiment trials and while reading
instructions. We also measured completion time per trial.

Results
We did not find a single, optimal hold and found significant
differences according to experience. All four novices used the
same uncomfortable position: the fingers, thumb and palm of
their non-dominant hand supported the center of the tablet,
like a waiter holding a tray. Novices found this tiring but
worried that the tablet would slip if they held it by the border.
None found other holds. In contrast, the four experts easily
found a variety of secure, comfortable holds. We identified
ten unique holds, five per orientation, all of which involved
grasping the border of the tablet with the thumb and fingers.
Fig. 2 shows these five holds in portrait mode, with the thumb
on the bottom, corner or side, or the fingers on the top or side.

Table 1 shows how these holds were distributed across the six
conditions: most common was F-side (41%), least common
was T-side (9%). The latter was deemed least comfortable,
especially in landscape mode, but participants felt that they
could use it for a short time. Experts tried nine of ten possible
holds in the sitting and walking conditions, but only six
when standing, omitting F-top or T-side in both orientations.
Individuals varied as to how many unique holds they tried,
from three to eight of ten possible. All switched holds at least

Table 1. Total holds per condition (expert users)

F
side

T
bottom

F
top

T
corner

T
side

La
nd

sc
ap

e 3 4 4 4 1
8 4 0 4 0
4 4 7 0 1

Po
rtr

ai
t 8 3 1 0 4

8 4 0 4 0
8 1 3 1 3

41% 21% 16% 14% 9%

once and two switched positions often (50% and 66%) across
different blocks of the same condition.

We were also interested in whether accidental touches, de-
fined as touches located more than 80 pixels from the target
or slider, during or outside of experiment trials, interfered
with intentional touches by the dominant hand. Experts who
carried the tablet by the border made very few accidental
touches (3%). All were with the dominant hand, far from the
screen border, suggesting that they unconsciously prevented
the support hand from touching the screen.

Design Implications
First, tablets can feel heavy and users are more comfortable
when they can change orientation or swap the thumb and
fingers. We should thus seek a small set of roughly equivalent
bimanual interactive holds that are easy to shift between,
rather than designing a single, ‘optimal’ hold. Second, users
can use the thumb and fingers of the support hand for interac-
tion. We can thus create interactive zones on the edges of the
tablet, corresponding to the holds in Fig. 2, which were not
vulnerable to accidental touches. Fig. 3 shows these zones in
portrait and landscape mode. Although changes in the form
factor of a tablet, such as its size, shape or weight, may affect
these holds, users are still likely to shift between holds for
comfort reasons, just as when reading a book or holding a
notebook.

Fingers

Thumbs

Fingers

Thumbs

Portrait Landscape

Figure 3. Five support-hand interaction zones.

The next section describes BiTouch, a design space for ex-
ploring how to incorporate bimanual interaction on hand-held
multitouch tablets.
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Figure 4. The user creates a spatial frame, supports the device, and
interacts with it. Different holds offer different trade-offs with respect
to interactive power and comfort.

BiTouch DESIGN SPACE
Unlike desktop PCs or multi-touch tables, bimanual interac-
tion on hand-held tablets must account for the dual role of
the non-dominant hand as it simultaneously carries the tablet
and interacts with it. Although we designed the BiTouch
design space to explore bimanual interaction on hand-held
tablets, the reasoning applies to a wider range of human-body
interaction with objects [19] and devices ranging from small,
mobile devices to large, fixed interactive tables or walls.

Kinematic Chain: Frame, Support, Interact
The first step is to understand the complementary roles of
support and interaction. Guiard’s [9] analysis of bimanual in-
teraction emphasizes the asymmetric relationship commonly
observed between the two hands. He proposes the kinematic
chain as a general model, in which the shoulder, elbow, wrist
and fingers work together as a series of abstract motors. Each
consists of a proximal element, e.g. the elbow, and a distal
element, e.g. the wrist, which together make up a specific
link, e.g. the forearm. In this case, the distal wrist must
organize its movement relative to the output of the proximal
elbow, since the two are physically attached.

Guiard argues that the relationships between the non-dominant
and dominant hands are similar to those between proximal
and distal elements: the former provides the spatial frame of
reference for the detailed action of the latter. In addition, the
movements of the proximal element or non-dominant hand
are generally less frequent and less precise and usually pre-
cede the movements of the higher frequency, more detailed
actions of the distal element or dominant hand.

We see the kinematic chain in action when users interact with
hand-held tablets: the non-dominant hand usually supports
the tablet, leaving the fingers and thumb of the dominant hand
free to interact. Fig. 4 shows three bimanual alternatives,

Table 2. Trading off framing, support and interaction functions of the
kinematic chain with respect to the body and the device.

Framing
Location: proximal link in the kinematic chain
Distribution: 1 – n body parts

Support
Location: none or middle link in the kinematic chain
Distribution: 0 – n body parts
Independence: 0% – 100% body support

Interaction
Location: distal link in the kinematic chain
Distribution: 1 – n body parts
Degrees of freedom: 0% – 100% body movement
Technique: touch, deformation,...

based on the location of tablet support within the kinematic
chain: the palm or forearm of the non-dominant arm (Fig. 4a,
4b); shared equally between the palms of both hands (Fig.
4c). In each case, the most proximal links control the spatial
frame of reference; support links are always intermediate be-
tween framing and interaction links; and the most distal links
use whatever remains of the thumb and fingers to interact.

The preliminary study highlighted ten user-generated support
holds that permit the thumb or fingers to reach the interactive
area. Each poses trade-offs between comfort and degrees of
freedom available for interaction. For example, supporting
the tablet with the forearm (Fig. 4b) provides a secure, stable
hold but forces the fingers to curl around the tablet, leaving
little room for movement. In contrast, holding the tablet in the
palm (Fig. 4a) gives the thumb its full range of movement, but
is tiring and less stable.

Note that comfort is subjective, influenced not only by the
physical details of the device, such as its weight, thickness
and size of the bezels, but also by how the tablet is held. For
example, shifting between landscape and portrait orientations
changes the relative distance between the tablet’s central
balance point and the most distal part of the support link. The
tablet acts as a lever: users perceive it as heavier as support
moves further from the fulcrum. The next step is to formalize
these observations into a design space that describes existing
and new bimanual holds and interaction techniques.

BiTouch Design Space
Table 2 summarizes the key dimensions of the BiTouch de-
sign space, according to framing, support and interaction
functions of the kinematic chain. Each is affected by the
relationship between specific characteristics of the human
body, the physical device and the interaction between them.

Framing is handled at the most proximal locations within the
kinematic chain and may be distributed over multiple parts of
the body. Support always occurs in locations within the kine-
matic chain, distal to the frame. Support may be completely
distributed over one or more body parts, symmetrically or
not; shared with an independent support, e.g. a table or lap;
or omitted, e.g. interacting on a freestanding interactive table.

Interaction is always handled at the most distal location in
the kinematic chain, immediately after the support link. Inter-
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J. Wagner, S. Huot, W. E. Mackay. BiTouch and BiPad: 
Designing Bimanual Interaction for Hand-held Tablets. 
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Taps

Hold down 
"Stroke"

+
-

Stroke Stroke

size +

size -

Chords

-

Stroke

+

-

Gestures



LMU München — Medieninformatik — Andreas Butz — !Mensch-Maschine-Interaktion II  — WS2013/14                                                    Slide

Mobile

context and 
task

challenges

Predictive 
Models

Systematic 
Exploration

input 
technologies

challenges in 
interaction 
design

output 
technologies

40

Dominant arm

input motor 
assembly

frame interaction



LMU München — Medieninformatik — Andreas Butz — !Mensch-Maschine-Interaktion II  — WS2013/14                                                    Slide

Mobile

context and 
task

challenges

Predictive 
Models

Systematic 
Exploration

input 
technologies

challenges in 
interaction 
design

output 
technologies

41

Dominant arm

input motor 
assembly

frame interactionsupport
Non-dominant arm

input motor 
assembly

Support 
-affected 



LMU München — Medieninformatik — Andreas Butz — !Mensch-Maschine-Interaktion II  — WS2013/14                                                    Slide

Mobile

context and 
task

challenges

Predictive 
Models

Systematic 
Exploration

input 
technologies

challenges in 
interaction 
design

output 
technologies

Frame, Support, Interaction

42

FrameFra
me

Fra
me

Intera
ct

Dominant arm Non-dominant arm

Frame Fram
e

Fram
e

Support

Inter
act

Inte
ractInteract

SupportSupport

Interac
t

Interact

Support

One-hand Palm
Support

One-hand Forearm
Support

Two-hand Palm
Support

(a)

(b)

(c)

Figure 4. The user creates a spatial frame, supports the device, and
interacts with it. Different holds offer different trade-offs with respect
to interactive power and comfort.

BiTouch DESIGN SPACE
Unlike desktop PCs or multi-touch tables, bimanual interac-
tion on hand-held tablets must account for the dual role of
the non-dominant hand as it simultaneously carries the tablet
and interacts with it. A lthough we designed the B i Touch
design space to explore bimanual interaction on hand-held
tablets, the reasoning applies to a wider range of human-body
interaction with objects [19] and devices ranging from small,
mobile devices to large, fixed interactive tables or walls.

Kinematic Chain: Frame, Support, Interact
The first step is to understand the complementary roles of
support and interaction. Guiard’s [9] analysis of bimanual in-
teraction emphasizes the asymmetric relationship commonly
observed between the two hands. He proposes the kinematic
chain as a general model, in which the shoulder, elbow, wrist
and fingers work together as a series of abstract motors. Each
consists of a proximal element, e.g. the elbow, and a distal
element, e.g. the wrist, which together make up a specific
link, e.g. the forearm. In this case, the distal wrist must
organize its movement relative to the output of the proximal
elbow, since the two are physically attached.

Guiard argues that the relationships between the non-dominant
and dominant hands are similar to those between proximal
and distal elements: the former provides the spatial frame of
reference for the detailed action of the latter. In addition, the
movements of the proximal element or non-dominant hand
are generally less frequent and less precise and usually pre-
cede the movements of the higher frequency, more detailed
actions of the distal element or dominant hand.

We see the kinematic chain in action when users interact with
hand-held tablets: the non-dominant hand usually supports
the tablet, leaving the fingers and thumb of the dominant hand
free to interact. F ig. 4 shows three bimanual alternatives,

Table 2. Trading off framing, support and interaction functions of the
kinematic chain with respect to the body and the device.

Framing
Location: proximal link in the kinematic chain
Distribution: 1 – n body parts

Support
Location: none or middle link in the kinematic chain
Distribution: 0 – n body parts
Independence: 0% – 100% body support

Interaction
Location: distal link in the kinematic chain
Distribution: 1 – n body parts
Degrees of freedom: 0% – 100% body movement
Technique: touch, deformation,...

based on the location of tablet support within the kinematic
chain: the palm or forearm of the non-dominant arm (F ig. 4a,
4b); shared equally between the palms of both hands (F ig.
4c). In each case, the most proximal links control the spatial
frame of reference; support links are always intermediate be-
tween framing and interaction links; and the most distal links
use whatever remains of the thumb and fingers to interact.

The preliminary study highlighted ten user-generated support
holds that permit the thumb or fingers to reach the interactive
area. Each poses trade-offs between comfort and degrees of
freedom available for interaction. For example, supporting
the tablet with the forearm (F ig. 4b) provides a secure, stable
hold but forces the fingers to curl around the tablet, leaving
little room for movement. In contrast, holding the tablet in the
palm (F ig. 4a) gives the thumb its full range of movement, but
is tiring and less stable.

N ote that comfort is subjective, influenced not only by the
physical details of the device, such as its weight, thickness
and size of the bezels, but also by how the tablet is held. For
example, shifting between landscape and portrait orientations
changes the relative distance between the tablet ’s central
balance point and the most distal part of the support link. The
tablet acts as a lever: users perceive it as heavier as support
moves further from the fulcrum. The next step is to formalize
these observations into a design space that describes existing
and new bimanual holds and interaction techniques.

BiTouch Design Space
Table 2 summarizes the key dimensions of the B i Touch de-
sign space, according to framing, support and interaction
functions of the kinematic chain. Each is affected by the
relationship between specific characteristics of the human
body, the physical device and the interaction between them.

Framing is handled at the most proximal locations within the
kinematic chain and may be distributed over multiple parts of
the body. Support always occurs in locations within the kine-
matic chain, distal to the frame. S upport may be completely
distributed over one or more body parts, symmetrically or
not; shared with an independent support, e.g. a table or lap;
or omitted, e.g. interacting on a freestanding interactive table.

Interaction is always handled at the most distal location in
the kinematic chain, immediately after the support link. Inter-
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