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Abstract. The usability of small devices such as smartphones or interactive
watches is often hampered by the limited size of command vocabularies. This
paper is an attempt at better understanding how finger identification may help
users invoke commands on touch screens, even without recourse to multi-touch
input. We describe how finger identification can increase the size of input vocab‐
ularies under the constraint of limited real estate, and we discuss some visual cues
to communicate this novel modality to novice users. We report a controlled
experiment that evaluated, over a large range of input-vocabulary sizes, the effi‐
ciency of single-touch command selections with vs. without finger identification.
We analyzed the data not only in terms of traditional time and error metrics, but
also in terms of a throughput measure based on Shannon’s theory, which we show
offers a synthetic and parsimonious account of users’ performance. The results
show that the larger the input vocabulary needed by the designer, the more prom‐
ising the identification of individual fingers.

Keywords: Input modality · Multitouch · Finger identification · Evaluation
methodology · Throughput · Information theory

1 Introduction

The number of buttons on small touchscreens (e.g. watches, wearable devices, smart‐
phones) is strongly limited by the Fat Finger Problem [7, 30, 36]. Increasing the number
of commands requires users to navigate through menus, lists or tabs, thus slowing down
the interaction. This problem also arises on larger touch screens, such as tablets, where
applications need to save as much space as possible for the display of objects of interest,
rather than controls. For instance, users of photo-editing, 3D drawing, or medical
imagery applications want to see large high-resolution images, but at the same time they
want to see large command menus. Possible responses to this challenge are a drastic
reduction in the number of available commands and functionalities (e.g., Photoshop
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offers 648 menu commands on a PC, and only 35 on a tablet [37]), and intensive recourse
to hierarchical menus, at the cost of efficiency. For frequently used commands, the lack
of hotkeys on touch-based devices badly aggravates this problem.

Many different approaches have been proposed in the literature to provide input
methods that save screen real estate. Most of them rely on gestures [20, 24, 25, 29, 41,
42] such as Marking menus [20, 42], rolling gestures [32], multi-finger chords [23, 37],
finger-counting [3, 4] etc. Another approach exploits additional sensors such as motion
sensors or accelerometers [17] or pressure sensors [31]. In this paper we focus on finger
identification and investigate to which extent it can augment the expressivity of touch
input and allow larger command vocabularies while saving screen space.

Recognition of finger identity provides several advantages for command selection.
Finger identification allows increasing the input vocabulary while being compatible with
already existing interaction styles: For instance, the same button may serve to invoke
different commands depending on which finger is pressing it. This strategy will increase
the total number of commands for a given interface. But it will also reduce the number
of necessary buttons for a given set of commands while maintaining a direct access to
these commands (i.e. without the need to open menus, scrolling lists, etc.). Buttons can
then be designed with larger sizes, thus easing interaction on small touchscreens. It is
worth noticing that on such devices interaction is usually more constrained by (touch)
input than by (visual) output. Because of the high pixel resolution of modern screens,
icons — and often even text — can remain recognizable at sizes that preclude their
selection using a finger tip. Finger identification can be exploited for displaying several
icons (one for each available command) on finger-dependent buttons and thus make all
commands discoverable, as we will see in Sect. 3.

Finger identification can also serve to provide shortcuts for invoking frequent or
favorite commands instead of opening context menus. For instance, “copy”, “paste”,
“select” and other heavily used commands could be invoked in this way on smartphones.

Finger identification may facilitate the transition to complex chording gestures: Novice
users will sequentially press two different buttons with two different fingers (e.g. index and
middle fingers). More experienced users will execute these operations faster and faster
until they perform these two actions simultaneously and perform a chording gesture.

To explore this promising modality a number of finger-identification prototypes have
been described in the HCI literature, which in the near future are likely to become prac‐
tical and robust.

Below we will call GLASS the usual input channel that considers only the xy coordi‐
nates of the contact on the screen, and GLASS+SKIN the augmentation of this channel
with the skin (categorical, or non-metrical) coordinates, which requires finger identification.

In this paper, we try to better understand how interaction techniques relying on finger
identification may help users invoke commands on touch screens. To progress towards
this goal, we conducted a user study comparing the performance of finger-dependent
buttons with traditional, finger-agnostic buttons, for various sizes of the command
vocabulary. One of our concerns was to figure out when finger-identification starts
outperforming traditional button-based interfaces.

The results showed that if the standard channel is perfect for very few commands,
it is soon outperformed by the GLASS+SKIN option, in a given amount of real estate,
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as the number of commands increases. The main finding is that with GLASS+SKIN the
error rate increases at a considerably reduced pace with vocabulary size, which makes
it possible to handle much larger sets of commands. We found that the maximum
obtainable bandwidth (or, more precisely, the maximal level of possible throughput, in
Shannon’s [33] sense) is higher and that users can handle larger vocabularies with finger-
sensitive than finger-agnostic touch detections.

2 Related Work

2.1 Augmenting the Expressivity of Touch Input

In the face of the small size of the screen and the fat finger problem [19, 30, 36], several
modalities have been proposed to augment the expressivity of touch input. The most
widespread of all seems to be multi-touch input [22], especially with the most successful
zoom-and-rotate gesture that the iPhone popularized. One particular exploitation of the
multi-touch was Finger-Count [3, 4], which determines command selection based on
just the number of finger contacts from both hands.

Other modalities have also been proposed such as touch in motion [17] or pressure
+touch input [7, 15, 28, 31], whose input bandwidth unfortunately is low because selec‐
tion time is long (from ~1.5 s to more than 2 s with no feedback) and whose users
distinguish hardly more than 5–7 values [28].

Our motivation is to understand what happens if screen and skin coordinates of touch
input are distinguished. In this spirit, Roudaut et al. recognize the signature of fingers’
micro-rolls on the surface [32]. Wang et al. used the orientation of the finger to control
parameters [39]. Holz and Baudish detect fingerprint to improve touch accuracy [19].
And more recently, TapSense uses acoustic signatures to distinguish the taps from four
different part of users’ fingers: tip, nail, knuckle and pad [14].

In this class of interaction, proper finger identification — with screen and skin coor‐
dinates jointly taken into account — seems highly promising [1, 6, 9, 11, 12, 18, 23, 26,
37, 40]. Many studies have concentrated on triggering finger-dependent commands or
action [1, 6, 23, 26, 37]. For instance, Adoiraccourcix maps different modifiers to the
fingers of the non-dominant hand and different commands to fingers of the dominant
hand [12]. Finger identification can also be coupled with physical buttons as in recent
Apple Smartphones [35, 40]. The advantage of this method is that the identification can
be performed even if the button is not pressed, adding a supplementary state to the
interaction [8]. Finger-dependent variants of chords and Marking Menus have also been
investigated [23].

Some researchers have examined the discoverability of finger-dependent commands.
For example, Sugiura and Koseki [35] identify the finger as soon as a user touches a
(physical) button. They use this property to show a feedback on the corresponding
command name prior to the actual button press. This, however, is not compatible with
most touch systems, which more often than not lack a passive state [8]. In Au et al. [1]
a menu is displayed showing the commands under each fingers, but users must depress
their whole hand on the surface to invoke it. In Sect. 3.3 we will consider various tech‐
niques of informing users about the availability of finger-dependent commands.
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2.2 Finger Identification Technologies

Under certain circumstances, fingers can be identified using the default hardware of
hand-held computers. Specific chord gestures are typically used for this purpose.
Assuming a relaxed hand posture, the user must touch the surface with a certain combi‐
nation of fingers or perform a specific temporal sequence [1, 37]. Some other multi-
touch techniques such as MTM [2] or Arpege [10] do not directly identify fingers but
infer them based on the likely positions of individual fingers relative to some location
of reference.

Computer-vision can be used to identify fingers without requiring chording gestures.
The camera can either be located behind the interactive surface such as with FTIR multi-
touch tables (e.g. [23]) or placed above with a downward orientation (e.g. [5]). The idea
is to compare fingertip locations (obtained through computer-vision) with touch event
locations (provided by the interactive surface). Basic solutions identify fingers by
considering their relative positions. But this approach fails if some fingers are flexed
(e.g. [9]). Markers can be attached to the fingers to solve this problem (e.g. color [40]
or fiduciary tag [26]). But, this cumbersome solution, which demands that the users be
instrumented, is workable only in research laboratories. Some commercial systems are
able to track the mid-air motion of individual fingers (e.g. Microsoft Kinect and Leap
Motion). This approach makes it possible to identify which fingers come in contact with
a surface [21].

Hardware-based approaches have also been proposed. Sugiura and Koseki [35] used
a fingerprint scanner to identify fingers. They were able to trigger finger-dependent
commands but not to track finger positions. Holtz and Baudish extended this work to
touchpads [19] and more recently to the touch-screen of interactive tables [18]. Another
approach consists of analyzing EMG signals on the forearm to determine which finger
is applying pressure to the surface [6]. In yet another approach, Goguet et al. attached
GameTraks1 to user’s fingers [11, 12]. Of course, digital gloves can also serve to track
user fingers [34]. A drawback of these approaches is that they require user instrumenting
and/or a calibration phase.

3 GLASS+SKIN: A Class of Promising Interaction Techniques

Several widgets such as toolbars or menus exclusively rely on the spatial arrangement
of buttons on the screen. During interaction with these widgets the system only exploits
the screen coordinates of finger contacts to interpret the decisions of users. In this
section, we show how finger identification can offer interesting properties to improve
command selection on touch screens. In this section, we give some insights in how
application designers may leverage GLASS+SKIN, a class of interaction techniques
that augment traditional interaction with finger identification.

1 GameTrak is a game controller designed for the Sony PlayStation 2. It is equipped with two
retractable strings usually attached to the player’s wrists. It is able to track the 3D position of
the attached limbs on top of the device.
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3.1 Multi-function Buttons

Increasing the Input Vocabulary. With GLASS+SKIN input, a button can invoke
more than one command. From the moment individual fingers are identified, more
commands can be handled for the same amount of screen real estate. For instance, the
main screen of the iPhone can provide a direct access to 20–24 applications (a 4x5 or
4x6 array of buttons, depending on the model). Whether useful or not, with five fingers
discriminated, these numbers could be multiplied by 5.

Reducing the Number of Buttons. More interestingly, perhaps, on a given screen with
a given set of commands, GLASS+SKIN input can just as well reduce the number of
buttons. Direct access to these commands is maintained, without the need to open a
hierarchical menu or scroll a list. Moreover, if more space is available, buttons can be
designed with larger sizes, facilitating the interaction with small touchscreens.

Compatibility. One concern is to make GLASS+SKIN interaction compatible with
users’ habits. To this end the default button behavior might be assigned to the index
finger that most users prefer for touch-screen interaction. Only experienced users would
be concerned with the set of additional commands (four extra possibilities per button).

Input vs. Output. If a button can invoke different commands, it should communicate
the different options it offers. It is worth noticing that interaction is usually more
constrained by (touch) input than by (visual) output on such devices. Because of the
high pixel resolution of modern screens, icons - and even text to a certain extent - can
remain recognizable at sizes for which they could hardly be selected using a finger.
Displaying several icons (one for each available command) on multi-function buttons
it is thus possible to make all commands discoverable. After all, buttons on hardware
keyboard already contain several symbols that can be accessed from different modifiers
(i.e. Ctrl, Shift, Alt).

Cancel. Users pressing a button with the wrong finger can cancel the current selection
by moving their finger away from the target or just waiting for a delay. The mapping
then appears and users can release the finger without triggering a command.

3.2 Menus

GLASS+SKIN can reduce the needs for menus from small to medium applications.
However, when the number of commands is very large, it is difficult to avoid menus,
which are useful for organizing commands. This section considers how GLASS+SKIN
fares with menus.

Menu shortcuts, such as keyboard shortcuts, are generally not present on mobile
devices. We propose to use finger identification as a substitute for menu shortcuts on
touchscreens. This makes it possible both to interact in the usual way (by opening menus
and clicking on their items) and to activate frequent or favorite commands quickly (by
pressing the appropriate finger on the touchscreen). Finger identification can thus serve
to (partly) compensate for the lack of keyboard shortcuts on mobile devices (see Fig. 1c).
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(a) 

(c)

(b) 

Fig. 1. GLASS+SKIN menu instances.

Context Menus. GLASS+SKIN can provide an expert mode to context menus. Novice
users continue to press and wait for a delay to open the menu. However, more experi‐
enced users can invoke commands without waiting for the delay. The five most frequent
or favorite commands of the menu are assigned to the five fingers. This can be especially
useful for selecting repeatedly used commands such as “copy”, “paste” or “select”.
Alternatively, one can choose to sacrifice one shortcut to remove the menu delay: e.g.,
the thumb could open the menu instantly.

Menu Bar, Tool Bar and Folders. Some persistent buttons give access to pull-down
menus. In this case, the index finger is still used to navigate in the hierarchy of commands
as usual. However, the other fingers provide a direct access (shortcuts) to favorite (or
frequent) menu items deeper in the hierarchy. Suppose the index finger is still used to
open a folder on smartphone. The four remaining fingers are shortcuts to select
pre-defined items within this folder. This class of interaction strongly differs from
approaches relying on finger chords [4, 10, 37] which specify not one but several contact
points (one per finger) making it difficult to predict their behavior on small widgets
(smaller than the required surface to contain all contact points).

3.3 Communicating GLASS+SKIN

Discovering. Some users can be unaware of this novel input modality. Some visual
cues can help them to discover this modality without using video tutorial or documen‐
tation. We consider two of them in this project illustrated in Fig. 1a, b. The first one is
static and displays a ghost hand on top of the toolbar to indicate that different fingers
can be used. The second one is dynamic and shows a short animation showing several
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surface contacts with different fingers. Further studies are necessary to evaluate the
ability of users to understand the meaning of these icons.

Mapping. When a button have several commands, it is important to communicate
which finger activates which command. Figure 1 illustrates 3 visual cues to understand
the mapping. The first one uses the location of the icon inside the button to convey the
target finger. The second one builds on the previous and appears only on demand. Users
should press and wait for 100 ms to see the mapping. This approach reduces the total
amount of information on the screen for expert users but can be less intuitive for novice
users. The last example uses fingers as a menu shortcut. Symbols representing the target
finger are shown on the right of the command name similarly to keyboard shortcuts on
linear menus.

Toward Chording Gestures. Finger identification may facilitate the transition to
complex chording gestures: Novice users will sequentially press two different buttons
with two different fingers (e.g. index and middle fingers). More experienced users will
execute these operations faster and faster until they perform these two actions simulta‐
neously and perform a chording gesture.

3.4 Limitations

GLASS+SKIN also has some limitations. For instance, the different interaction tech‐
niques are not compatible with each other, e.g. a GLASS+SKIN button cannot launch
five applications and open a menu. Designers should make compromises according to
the users’ needs and the coherence between applications/systems.

In some situations, it can be difficult to use a specific finger on the touch screen.
Though the current smartphone trend is to large screens precluding a single hand use,
some users still often use their smartphone this way. In this case, not only is the novel
input resource unavailable to users, but errors may also arise if the application does not
consider the thumb as the default finger. One solution would consist of constraining
GLASS+SKIN to a subset of applications (e.g. games). Another would require sensing
and recognizing grab [13] to avoid accidental activations. GLASS+SKIN is probably
more useful for tablets or watches where “thumb interaction” is less common.

4 A Controlled Experiment

The experiment was designed in light of Shannon’s theory [33]. A communication
channel permits a source of information (the user) to transmit information to a destina‐
tion (the system), the user’s hand serving as the emitter and the touch screen as the
receiver of the coded message. The code shared by the source and the destination is
some mapping of a set of touch events to a set of commands. The larger the sets, the
more entropy in our vocabulary of commands. For simplicity, below we will assume
equally probable commands: in this case the input entropy (or the vocabulary entropy
HV) is just the log2 of the number of possible commands.
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Although we will not ignore traditional time and error metrics, our analysis will focus
on the throughput (TP), the rate of successful message transmission over a communi‐
cation channel. We simply define the TP (in bits/s) as the ratio of Shannon’s mutual
information transmitted per command to the time taken on average to enter the
command. Our main concern is the particular vocabulary size that maximizes the
throughput — i.e., the optimal level of vocabulary entropy (Hopt, in bits) — in the two
conditions of interest. In the GLASS condition, our baseline, the command vocabulary
leveraged only the entropy offered at the surface of the glass (the log2 of the number N
of graphical buttons), as usual; in the GLASS+SKIN condition we also leveraged the
entropy available on the skin side. The vocabulary size is then NN′, where N′ denotes
the number of identifiable bodily regions that may touch the screen (in practice the
experiment involved the five finger tips of the right hand). The entropies of these two
independent variables add up — i.e., log2(NN′) = log2(N) + log2(N′) — allowing the
creation of larger command vocabularies. Our problem was to experimentally evaluate
the actual usability of such enlarged vocabularies.

We were able to formulate several straightforward predictions.
(1) As the vocabulary entropy is raised, the amount of transmitted information It must

level off at some point, just as has long been known to be the case in absolute-
judgment tasks [27].

(2) On the other hand, mean selection time μT must increase about linearly with HV,
due to Hick’s law and Fitts’ law.

(3) It follows from (1) and (2) that the dependency of TP = It/μT upon HV must be bell
shaped — for any given input technique there must exist an optimal level of entropy.

Thus we will focus on the maximum of TP (TPmax) reached at the optimal level of
entropy, and on the particular level of entropy, which we will designate as optimal
(Hopt), at which that maximum takes place. One faces two independent pieces of empir‐
ical information: The higher the TPmax, the better the information transmission; the
higher the Hopt, the larger the range of usable vocabulary sizes.

We conjectured that when contacting a touch screen users have control not only over
the selection of one screen region, but also over the selection of one region of their own
body surface. Put differently, the glass surface and the skin surface should be usable as
more or less independent input channels. Therefore both TPmax and Hopt should be raised
with GLASS+SKIN, relative to the GLASS baseline.

4.1 Participants and Apparatus

14 right-handers (5 females) ranging in age from 21 to 33 years, recruited from within
the university community in our institution, volunteered.

The apparatus consisted of an iPad tablet (9.7 in./24.6 cm in diagonal) reproducing
the screen of an iPhone (see Fig. 2). A start button, on which participants had to rest
their forefinger, middle finger, and ring finger, was displayed below the smartphone, so
as to standardize the position and the posture of the hand at trial start. The target area
was displayed as a horizontal layout extending over the complete width of the phone
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screen (2.3 in./59 mm), simulating the common toolbars/docks of smartphones. Buttons
height was a constant 0.90 mm (as on an iPhone). We considered manipulating the size
of the target area and the layout of buttons as factor, however we decided to focus on
this configuration to keep the experiment short enough. Pilot studies, in which we also
tested 2D grid layouts, showed that simple 1D layouts produced essentially the same
results. The software was implemented with Javascript.

Fig. 2. The display at the time of appearance of the stimulus in the GLASS (left) and the GLASS
+SKIN (right) conditions.

4.2 Method

Task and Stimulus. In response to a visual stimulus, participants were to select a
command as fast and accurately as possible by touching a target button highlighted in
gray. In the GLASS+SKIN condition, a ghost hand was also shown (Fig. 2 right), the
target finger, highlighted in blue, coinciding with the target button.

Procedure. The participants started the trial by placing their three longer fingers on an
oblique start button located at the bottom of the screen. The system responded by
presenting the stimulus (depending on the condition either just a button highlight or a
button highlight plus the ghost hand). The stimulus remained as long as the start button
was occupied.
        If correctly hit the target button turned green. A mistakenly-hit button was high‐
lighted in red. If for any reason no touch was recorded, the participant was supposed
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to return to the start button to reset the trial. The finger identity of touch events was
not recorded. Video recordings in a pilot experiment using our ghost-hand stimuli
having revealed a remarkably low error rate for finger selection (2.3 % on average,
σ = 2.0 %), it seemed reasonably safe to trust participants. Video recordings of a
sample of 3 participants during the present experiment showed similar results (1.5 %
on average, σ = 0.52 %).

We used a within-participant design. The order of techniques and the size of the
command vocabulary were counter-balanced between participants with Latin squares,
each command randomly appearing three times per block. The total duration of the
experiment was about 30 min/participant. Overall the experiment involved 14 partici‐
pants x (5 + 10 + 15 + 20 + 30 + 40 + 5 + 10 + 20 + 30 + 40 + 50 + 70) trials x 3
iterations of each trial type = 14,490 selection movements.

Vocabulary Size. Relying on pilot data, we chose to use 5, 10, 15, 20, 30, and 40
possibilities for GLASS and 5, 10, 20, 30, 40, 50 and 70 possibilities for GLASS+SKIN.
The more possibilities in a 60 mm-wide array, the smaller the target. With GLASS
+SKIN, the number of screen targets was divided by 5 (Table 1).

Table 1. Number of commands, number of buttons, and horizontal button size

Number of
commands

Number of
buttons GLASS

Number of
buttons GLASS
+SKIN

Button width
GLASS

Button width
GLASS+SKIN

5 5 1 12 mm/0.46 in. 58 mm/2.3 in.
10 10 2 5.8 mm/

0.23 in.
29 mm/1.2 in.

15 15 3.9 mm/
0.15 in.

20 20 4 2.9 mm/
0.11 in.

15 mm/0.58 in.

30 30 6 1.9 mm/
0.077 in.

9.7 mm/
0.38 in.

40 40 8 1.4 mm/
0.058 in.

7.3 mm/
0.29 in.

50 10 5.8 mm/
0.23 in.

70 14 4.2 mm/
0.16 in.
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4.3 Results

Classic Time/Error Analysis. The relevant dependent variables are the reaction time
(RT, the time elapsed between stimulus onset time and the release of the start button),
movement time (MT, the time elapsed between release of the start button and the first
detection of a screen contact), and the error rate.
         Significance was estimated using ANOVA. Non-common values of number of
commands are ignored in the time and error analysis so that the comparisons between
GLASS and GLASS+SKIN are relevant.

Reaction Time (RT) was faster with GLASS than GLASS+SKIN (Fig. 3), a result
observed in all our 14 participants (p < .001). The mean difference, computed over the
common range of abscissas, was 132 ms. The number of commands slightly affected
RT for GLASS, but not GLASS+SKIN.
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Fig. 3. Mean RT vs. the number of commands for each condition.

Overall, mean movement time (MT) was shorter with GLASS+SKIN than GLASS
(Fig. 4). The mean difference amounted to 43 ms. The effect of vocabulary size, more
pronounced on MT than RT, was approximately linear, with a steeper slope for GLASS
(F1,13 = 26, p = .0001).

On average, over the common range of abscissas, total task completion time
(TT = RT + MT) was slightly (89 ms) higher with GLASS+SKIN (Fig. 5). Much more
importantly, TT increased at a much slower pace as vocabulary size was raised
(F1,13 = 16.5, p = .001). With more than 30 commands, GLASS+SKIN was faster.

We conclude from this classic analysis of our data that taking into account the skin
(categorical) coordinates of the touch event together with the glass (metrical) coordi‐
nates of the event enhances both the speed and accuracy of input selection, for large
vocabularies. The error rate increasing at a considerably reduced pace with vocabulary
size, GLASS+SKIN makes it possible to handle much larger sets of commands (Fig. 6).
This error rate does not include potential mistakenly-used finger. However, video
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recordings from a sample of 3 participants showed that it is particularly rare (1.5 % of
the trials on average, σ = 0.52 %).
Information-Theoretic Analysis. One reason why we felt the throughput (TP) anal‐
ysis was worth a try is because this quantity combines the speed and the accuracy infor‐
mation into a single, theoretically well-justified quantity. Let us ask how the amount of
successfully transmitted information It (bits), and then the TP (bits/s) vary with the
entropy of the vocabulary (simplified to log2 N and log2 NN′).

In both conditions, It tended to level off as HV was gradually raised, confirming the
limited capacity (in bits per selection) of the tested transmission channels. Had we
investigated larger vocabularies, the leveling off would have been more spectacular, but
exploring very high levels of entropy is not just time consuming — also recall that in
general humans hate to make errors. Below we will report evidence that in fact our range
of x values, chosen in light of our pilot results, was adequate.
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Fig. 4. Mean MT vs. the number of commands for each condition.
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Fig. 5. Total Time vs. the number of commands for each condition.
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The two curves of Fig. 7 tend to asymptote to different capacity limits. With GLASS
+SKIN not only was the average amount of transmitted information higher than it was
with GLASS (this difference was observed in all 14 participants), the capacity limit
suggested to the eye by the curvature of the plot was invariably higher (14/14).

We may now turn to the TP, which in both conditions reached a maximum, as
predicted (Fig. 8). Fitting second-order polynomials to the data, we obtained:

y = −0.389x2 + 3.2043x − 2.1714 (r2 = .985) for GLASS and y = −0.1941x2 +
 2.3115x − 2.0004 (r2 = .997) for GLASS+SKIN.

From these equations, shown graphically in Fig. 8, one can estimate the xy coordi‐
nates of the maxima (both maxima take place within the tested range of entropies, and
so no extrapolation is required):
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Fig. 6. Error rate vs. the number of commands for each condition.
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Fig. 7. It vs. HV, for each condition

Glass+Skin: An Empirical Evaluation 67



TPmax = 4.43 bits/s at an entropy level of 4.12 bits for GLASS and
TPmax = 4.88 bits/s at an entropy level of 5.95 bits for GLASS+SKIN.
Thus a single figure illustrating the TP suffices to show unambiguously that the

GLASS+SKIN resource entails two independent improvements. One is a 10.1 %
increase of the TP, meaning a more efficient transmission of information from the user
to the system. The other is a 44.4 % increase of optimal input entropy, meaning that
much larger sets of commands can be effectively handled.

Fig. 9. Multiple quantitative characterization of finger performance
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68 Q. Roy et al.



Differential Finger Performance. Obviously our fingers are not all equally suitable
to serve in the GLASS+SKIN approach, for reasons unlikely to have much to do with
entropy. Figure 9 suggests, unsurprisingly, that our best performer is the forefinger and
the worse is the pinky, as summarized most compactly by the TP data of Fig. 9f. Any
attempt to leverage the GLASS+SKIN principle in some interaction technique should
probably consider focusing on the three central fingers of the human hand. Bearing in
mind the current proliferation of small devices, however, the possibility to multiply the
vocabulary by just 3 (thus adding up to log23 = 1.58 bits to HV) seems of non-negligible
interest.

5 Conclusion and Perspectives

In view of the specialized literature there is no doubt that finger identification has a
potential to considerably enhance input expressivity on touch screens in the near future,
even (but not exclusively) in the simplest case of single-touch input that was considered
in the present research. The data of the above-reported experiment suggest that touch-
screen input may certainly benefit from the substantial functional parallelism of the skin
and glass channels, as we called them. We discovered that surprisingly little effort is
demanded of users to adapt their hand posture, during hand motion to the target object,
so as to touch this one target with this one finger. Importantly, our pilot experiments
revealed that the latter choice, unlike the former, is essentially errorless.

One reason why the skin channel is of interest in the face of the real-estate scarcity
challenge is that exploiting this additional channel makes it possible to increase the width
of hierarchical command systems and hence to reduce their depth. For example with
just three fingers rather than one, and the GLASS+SKIN principle, one may escape the
problematic design imagined by Apple in which 20 control buttons are displayed on a
watch (Apple Watch Sport).

In the theoretical introduction to our experiment we offered a schematic view of the
input problem. In particular, we left aside the complex code issue (movement-to-
command mapping) and we deliberately ignored the fact that in the real world some
commands are far more frequent than others, meaning the real levels of entropy are less
than we assumed. These obviously are subtle and important issues that will deserve
sustained attention in future research if the GLASS+SKIN principle is ever to be opti‐
mally leveraged. One important question in this direction is, What part of the information
should be transmitted through which channel? One obvious constraint is that while
screen regions (buttons) can be, and are invariably marked with text or symbols
reminding users of which button does what, it is more difficult to imagine tricks that will
remind which fingers does what without consuming screen space.

References

1. Au, O.K.-C., Tai, C.-L.: Multitouch finger registration and its applications. In: OZCHI 2010,
pp. 41–48. ACM, New York, NY, USA (2010)

2. Bailly, G., Demeure, A., Lecolinet, E., Nigay, L.: MultiTouch menu (MTM). In: IHM 2008,
pp. 165–168. ACM, New York, NY, USA (2008)

Glass+Skin: An Empirical Evaluation 69



3. Bailly, G., Lecolinet, E., Guiard, Y.: Finger-count and radial-stroke shortcuts: 2 techniques
for augmenting linear menus on multi-touch surfaces. In: CHI 2010, pp. 591–594. ACM, New
York, NY, USA (2010)

4. Bailly, G., Müller, J., Lecolinet, E.: Design and evaluation of finger-count interaction:
combining multitouch gestures and menus. IJHCS 70, 673–689 (2012)

5. Benko, H., Ishak, E.W., Feiner, S.: Cross-dimensional gestural interaction techniques for
hybrid immersive environments. In: VR 2005, pp. 209–216 (2005)

6. Benko, H., Saponas, T.S., Morris, D., Tan, D.: Enhancing input on and above the interactive
surface with muscle sensing. In: ITC, pp. 93–100. ACM, New York, NY, USA (2009)

7. Benko, H., Wilson, A.D., Baudisch, P.: Precise selection techniques for multi-touch screens.
In: CHI 2006, pp. 1263–1272. ACM, New York, NY, USA (2006)

8. Buxton, W.: A three-state model of graphical input. In: Interact 1990, pp. 449–456. North-
Holland Publishing Co. (1990)

9. Ewerling, P., Kulik, A., Froehlich, B.: Finger and hand detection for multi-touch interfaces
based on maximally stable extremal regions. In: ITS 2012, pp. 173–182. ACM Press, New
York, NY, USA (2012)

10. Ghomi, E., Huot, S., Bau, O., Beaudouin-Lafon, M., Mackay, W.E.: Arpège: learning
multitouch chord gestures vocabularies. In: ITS 2013, pp. 209–218. ACM, New York, NY,
USA (2013)

11. Goguey, A., Casiez, G., Pietrzak, T., Vogel, D., Roussel, N.: Adoiraccourcix: multi-touch
command selection using finger identification. In: IHM 2014, pp. 28–37. ACM, New York,
NY, USA (2014)

12. Goguey, A., Casiez, G., Vogel, D., Chevalier, F., Pietrzak, T., Roussel, N.: A Three-step
interaction pattern for improving discoverability in finger identification techniques. In: UIST
2014 Adjunct, pp. 33–34. ACM, New York, NY, USA (2014)

13. Harrison, B.L., Fishkin, K.P., Gujar, A., Mochon, C., Want, R.: Squeeze me, hold me, tilt
me! An exploration of manipulative user interfaces. In: CHI 1998, pp. 17–24. ACM Press,
New York, NY, USA (1998)

14. Harrison, C., Schwarz, J., Hudson, S.E.: TapSense: enhancing finger interaction on touch
surfaces. In: UIST 2011, pp. 627–636. ACM, New York, NY, USA (2011)

15. Herot, C.F., Weinzapfel, G.: One-point touch input of vector information for computer
displays. In: SIGGRAPH 1978, pp. 210–216. ACM, New York, NY, USA (1978)

16. Hinckley, K., Baudisch, P., Ramos, G., Guimbretière, F.: Design and analysis of delimiters
for selection-action pen gesture phrases in Scriboli. In: CHI 2005, pp. 451–460. ACM, New
York, NY, USA (2005)

17. Hinckley, K., Song, H.: Sensor synaesthesia: touch in motion, and motion in touch. In: CHI
2011, pp. 801–810. ACM, New York, NY, USA (2011)

18. Holz, C., Baudisch, P.: Fiberio: a touchscreen that senses fingerprints. In: UIST 2013, pp.
41–50. ACM Press, New York, NY, USA (2013)

19. Holz, C., Baudisch, P.: The generalized perceived input point model and how to double touch
accuracy by extracting fingerprints. In: CHI 2010, pp. 581–590. ACM, New York, NY, USA
(2010)

20. Kurtenbach, G.P.: The Design and Evaluation of Marking Menus. University of Toronto,
Toronto (1993)

21. Kung, P., Küser, D., Schroeder, C., DeRose, T., Greenberg, D., Kin, K.: An augmented multi-
touch system using hand and finger identification. In: CHI EA 2012, pp. 1431–1432. ACM,
New York, NY, USA (2012)

70 Q. Roy et al.



22. Lee, S.K., Buxton, W., Smith, K.C.: A multi-touch three dimensional touch-sensitive tablet.
In: Proceedings of the SIGCHI Conference on Human Factors in Computing Systems, pp.
21–25. ACM, New York, NY, USA (1985)

23. Lepinski, J., Grossman, T., Fitzmaurice, G.: The design and evaluation of multitouch marking
menus. In: CHI 2010, pp. 2233–2242. ACM, New York, NY, USA (2010)

24. Li, Y.: Gesture search: a tool for fast mobile data access. In: UIST 2010, p. 87. ACM Press,
New York, NY, USA (2010)

25. Malacria, S., Lecolinet, E., Guiard, Y.: Clutch-free panning and integrated pan-zoom control
on touch-sensitive surfaces: the cyclostar approach. In: CHI 2010, pp. 2615–2624. ACM,
New York, NY, USA (2010)

26. Marquardt, N., Kiemer, J., Greenberg, S.: What caused that touch?: expressive interaction
with a surface through fiduciary-tagged gloves. In: ITS 2010, pp. 139–142. ACM, New York,
NY, USA (2010)

27. Miller, G.A.: The magical number seven, plus or minus two: some limits on our capacity for
processing information. Psychol. Rev. 63, 81–97 (1956)

28. Mizobuchi, S., Terasaki, S., Keski-Jaskari, T., Nousiainen, J., Ryynanen, M., Silfverberg, M.:
Making an impression: force-controlled pen input for handheld devices. In: CHI 2005
Extended Abstracts, pp. 1661–1664. ACM, New York, NY, USA (2005)

29. Pook, S., Lecolinet, E., Vaysseix, G., Barillot, E.: Control menus: execution and control in a
single interactor. In: CHI 2000, pp. 263–264. ACM, New York, NY, USA (2000)

30. Potter, R.L., Weldon, L.J., Shneiderman, B.: Improving the accuracy of touch screens: an
experimental evaluation of three strategies. In: CHI 1988, pp. 27–32. ACM, New York, NY, USA
(1988)

31. Ramos, G., Boulos, M., Balakrishnan, R.: Pressure widgets. In: CHI 2004, pp. 487–494.
ACM, New York, NY, USA (2004)

32. Roudaut, A., Lecolinet, E., Guiard, Y.: MicroRolls: expanding touch-screen input vocabulary
by distinguishing rolls vs. slides of the thumb. In: CHI 2009, pp. 927–936. ACM, New York,
NY, USA (2009)

33. Shannon, C.E.: A mathematical theory of communication. Bell Syst. Tech. J. 27(379–423),
623–656 (1948)

34. Sturman, D.J., Zeltzer, D.: A survey of glove-based input. IEEE Comput. Graph. Appl. 14,
30–39 (1994)

35. Sugiura, A., Koseki, Y.: A user interface using fingerprint recognition: holding commands
and data objects on fingers. In: UIST 1998, pp. 71–79. ACM, New York, NY, USA (1998)

36. Vogel, D., Baudisch, P.: Shift: a technique for operating pen-based interfaces using touch.
In: CHI 2007, pp. 657–666. ACM, New York, NY, USA (2007)

37. Wagner, J., Lecolinet, E., Selker, T.: Multi-finger chords for hand-held tablets: recognizable
and memorable. In: CHI 2014, pp. 2883–2892. ACM, New York, NY, USA (2014)

38. Wang, F., Cao, X., Ren, X., Irani, P.: Detecting and leveraging finger orientation for interaction
with direct-touch surfaces. In: UIST 2009, p. 23. ACM Press, New York, NY, USA (2009)

39. Wang, F., Ren, X.: Empirical evaluation for finger input properties in multi-touch interaction.
In: CHI 2009, pp. 1063–1072. ACM Press, New York, NY, USA (2009)

40. Wang, J., Canny, J.: FingerSense: augmenting expressiveness to physical pushing button by
fingertip identification. In: CHI 2004 Extended Abstracts, pp. 1267–1270. ACM, New York,
NY, USA (2004)

41. Wobbrock, J.O., Morris, M.R., Wilson, A.D.: User-defined gestures for surface computing.
In: CHI 2009, p. 1083. ACM Press, New York, NY, USA (2009)

42. Zhao, S., Balakrishnan, R.: Simple vs. compound mark hierarchical marking menus. In: UIST
2004, pp. 33–42. ACM, New York, NY, USA (2004)

Glass+Skin: An Empirical Evaluation 71


	Foreword
	IFIP TC13
	IFIP TC13 Members
	Conference Organizing Committee
	Contents – Part IV
	Child or Adult? Inferring Smartphone Users' Age Group from Touch Measurements Alone
	Abstract
	1 Introduction
	2 Touch Input Analysis to Inform Classifier Design
	3 Experiment #1: Classifying Age Group with One Touch Point Only
	4 Experiment #2: Classifying Age Group with a Touch Window
	5 Discussion, Conclusions, and Future Work
	Acknowledgment
	References

	Designing of 2D Illusory Tactile Feedback for Hand-Held Tablets
	Abstract
	1 Introduction
	2 Related Work
	3 Pilot Experiments: “Out of Body” Funneling Effects Along Longer 1D Separation Span
	3.1 Perception Resolution and Extent
	3.2 Tactile Rendering Function and Interpolated Stimulation Strength
	3.3 Hand Location

	4 Main Experiment: Extending “Out of Body” Funneling to Tablets
	4.1 Experimental Design and Set up
	4.2 Detailed Procedure

	5 Results
	5.1 NV Experiment
	5.2 VF Experiment

	6 Conclusion and Future Work
	References

	Need for Touch in Human Space Exploration: Towards the Design of a Morphing Haptic Glove -- ExoSkin
	Abstract
	1 Introduction
	2 Related Work
	2.1 Spacesuit and EVA Glove Designs
	2.2 Haptic Glove Technology in HCI

	3 Field Study
	3.1 Study Design and Methods
	3.2 Data Analysis

	4 Study Findings
	4.1 Findings Exemplified Through EVA Scenarios
	4.2 Crew Preferences Based on the Technology Probes
	4.3 Summary and Implications for the Glove Design

	5 Exoskin
	5.1 Implementation

	6 Conclusion and Future Work
	Acknowledgements
	References

	Tactile Communication in Extreme Contexts: Exploring the Design Space Through Kiteboarding
	Abstract
	1 Introduction
	2 Kiteboarding
	2.1 Communication
	2.2 Progression
	2.3 Technology for Kiteboarding

	3 Related Work
	3.1 Technologies in Sports and Physical Activity
	3.2 Technologies for Navigation
	3.3 Human Factors in Multimodal Interfaces

	4 Research Problem
	5 Design and Implementation
	5.1 Current Implementation
	5.2 Design Exploration

	6 Evaluation
	6.1 Participants and Task
	6.2 Study Session Protocol and Measures
	6.3 Session I: Controlling a Kite
	6.4 Results of Session I
	6.5 Session II: Vibrotactile Refinements
	6.6 Results of Session II

	7 Discussion
	7.1 Improvements to Tactile Communication
	7.2 Mental Models
	7.3 Limitations

	8 Conclusion and Future Work
	References

	Glass+Skin: An Empirical Evaluation of the Added Value of Finger Identification to Basic Single-Touc ...
	Abstract
	1 Introduction
	2 Related Work
	2.1 Augmenting the Expressivity of Touch Input
	2.2 Finger Identification Technologies

	3 GLASS+SKIN: A Class of Promising Interaction Techniques
	3.1 Multi-function Buttons
	3.2 Menus
	3.3 Communicating GLASS+SKIN
	3.4 Limitations

	4 A Controlled Experiment
	4.1 Participants and Apparatus
	4.2 Method
	4.3 Results

	5 Conclusion and Perspectives
	References

	Physical Playlist: Bringing Back the Mix-Tape
	Abstract
	1 Introduction
	2 Design Process
	2.1 Embedding Content Within Tags
	2.2 Playing the Tracks

	3 Initial Prototype Evaluation
	4 Future Work
	5 Conclusions
	Acknowledgments
	References

	Tangible Voting: A Technique for Interacting with Group Choices on a Tangible Tabletop
	Abstract
	1 Introduction
	2 Methodology
	3 The Tangible Voting Interaction Technique
	3.1 Object Shape
	3.2 Visual Feedback

	4 Implementation
	5 Evaluation
	6 Conclusion and Future Work
	Acknowledgments
	References

	Dico: A Conceptual Model to Support the Design and Evaluation of Advanced Search Features for Exploratory Search
	1 Introduction
	2 Literature Review
	2.1 Information Seeking
	2.2 Exploratory Search

	3 Dico
	3.1 Methodology for Creating Dico's Guidelines
	3.2 Guideline #1: Users Should Be Able to Reformulate Their Query at Any Time in an Easy Way

	4 Evaluation
	4.1 Study Planning
	4.2 Operation
	4.3 Results Analysis and Interpretation
	4.4 Validity Evaluation

	5 Conclusions
	References

	Revealing Differences in Designers' and Users' Perspectives
	Abstract
	1 Introduction
	2 Related Work
	3 Approach
	3.1 Identification of Information Sources
	3.2 Definition of Expectancy Coefficients
	3.3 Definition of Value Coefficients
	3.4 Event Definition
	3.5 Generation of Monitoring Operator Model

	4 Tool-Supported Attention Prediction with the HEE
	5 Use Case
	6 Evaluation
	6.1 Participants
	6.2 Apparatus
	6.3 Software
	6.4 Procedure
	6.5 Results

	7 Discussion
	8 Conclusion and Future Work
	Acknowledgments
	References

	Worth-Centered Design in Practice: Lessons from Experience and Research Agenda
	Abstract
	1 Introduction
	2 Worth-Centered Design in a Nutshell
	2.1 Concept of Worth
	2.2 Six Meta-principles
	2.3 Five ``D''s
	2.4 The WCD Framework

	3 Worth-Centered Design in Practice
	3.1 Case Study
	3.2 Study of Needs, Wants, and Unfelt Needs
	3.3 Design
	3.4 Evaluation

	4 Discussion and Research Agenda
	4.1 Discussion
	4.2 Future Work

	Acknowledgments
	References

	Actuated Shear: Enabling Haptic Feedback on Rich Touch Interfaces
	Abstract
	1 Introduction
	2 Related Work
	3 Prototype Device
	4 Utilizing Actuated Shear
	4.1 Actuated Shear as Haptic and Directional Feedback
	4.2 Changing Shear Input Affordance
	4.3 Constrain Shear Input to a Specific Screen Area

	5 Design Space
	6 Findings and Limitations
	7 Conclusion
	Acknowledgments
	References

	Characterizing the Influence of Motion Parameters on Performance When Acquiring Moving Targets
	Abstract
	1 Introduction
	2 Studying the Acquisition of Erratic Targets
	2.1 Characterizing Erratic Motion
	2.2 Experiment

	3 Results and Analysis
	3.1 Selection Performance
	3.2 Exploratory Analysis

	4 Conclusion and Perspectives
	Acknowledgements
	References

	Comparing Fatigue When Using Large Horizontal and Vertical Multi-touch Interaction Displays
	Abstract
	1 Introduction
	2 Study Design
	3 Procedure
	3.1 Experiment 1: Horizontal Configuration
	3.2 Experiment 2: Vertical Configuration

	4 Objective Measures
	4.1 Localized Fatigue Analysis
	4.2 Localized Fatigue Results
	4.3 Force Analysis
	4.4 Force Results

	5 Subjective Measures
	6 Discussion and Conclusion
	References

	Touch, Movement and Vibration: User Perception of Vibrotactile Feedback for Touch and Mid-Air Gestures
	Abstract
	1 Introduction
	2 Experiment
	3 Results
	4 Design Guidelines for Vibrotactile Feedback
	5 Conclusion
	Acknowledgment
	References

	Where to Start? Exploring the Efficiency of Translation Movements on Multitouch Devices
	1 Introduction
	2 Related Work
	3 Method
	3.1 Participants
	3.2 Apparatus
	3.3 Tasks
	3.4 Material
	3.5 Procedure
	3.6 Design
	3.7 Results
	3.8 Discussion

	4 Conclusion
	5 Future Work
	References

	Enhanced Task Modelling for Systematic Identification and Explicit Representation of Human Errors
	Abstract
	1 Introduction
	2 Related Work on Human Error and Task Modelling
	2.1 Definition and Taxonomies of Human Errors
	2.2 Techniques and Methods for Identifying Human Errors
	2.3 Support for Representation of Human Errors in Task Model

	3 Extending a Task Modelling Notation to Support the Identification and Representation of Human Errors
	3.1 HAMSTERS Notation
	3.2 HAMSTERS Notation Elements and Relationship with Genotypes
	3.3 Extensions to HAMSTERS to Describe User Errors
	3.4 Modelling Process

	4 Illustrative Example from an Avionics Case Study
	4.1 Presentation of the Weather Radar Case Study
	4.2 Task Model of the Task ``Check Weather Conditions on the Flight Path''
	4.3 Task Model with Human Errors

	5 Benefits and Limitations of the Approach
	6 Conclusion
	References

	EvolutionWorks
	Abstract
	1 Introduction
	2 Background
	3 Related Work
	4 EvolutionWorks
	4.1 Seeding
	4.2 Growth
	4.3 Pruning
	4.4 Kinetic Layering
	4.5 Focus-Context-Focus Hopping
	4.6 Unified Presentation
	4.7 Cluster Title Summarization
	4.8 Implementation

	5 User Study
	5.1 Experimental Design
	5.2 Hypothesis
	5.3 Results

	6 Conclusion and Future Work
	References

	Quantifying Object- and Command-Oriented Interaction
	Abstract
	1 Introduction
	2 Related Work
	3 Metrics
	3.1 Quantifying Object-Oriented Strategy
	3.2 Quantifying Command-Oriented Strategy

	4 Experiment
	4.1 Participants
	4.2 Procedure and Tasks
	4.3 Apparatus
	4.4 Results and Discussion

	5 Conclusion and Future Work
	References

	Users, Bystanders and Agents: Participation Roles in Human-Agent Interaction
	Abstract
	1 Introduction
	2 Participation Framework and Participation Status
	3 Data Collection
	4 The Participation Framework of a Human-Agent Interaction
	4.1 Solving a Communication Problem with the Agent
	4.2 Solving a Communication Problem Without the Agent

	5 Conclusion and Discussion
	References

	Augmented Happiness: Simple Color Changes Influence Users' Conceptual Choices
	Abstract
	1 Introduction
	2 An Embodied Cognition View on Color
	3 Method
	3.1 Participants
	3.2 Procedure
	3.3 Apparatus and Material

	4 Results and Discussion
	5 Conclusion and Future Work
	Acknowledgements
	References

	Investigating Representation Alternatives for Communicating Uncertainty to Non-experts
	Abstract
	1 Introduction
	2 Related Work
	3 Online Survey
	3.1 Questionnaire
	3.2 Participants
	3.3 Results

	4 Experiment
	5 Discussion & Conclusion
	Acknowledgements
	References

	Proxemic Flow: Dynamic Peripheral Floor Visualizations for Revealing and Mediating Large Surface Interactions
	Abstract
	1 Introduction
	2 Related Work
	2.1 Feedback, Discoverability and Guidance for Large Interactive Surfaces
	2.2 Related Work on Interactive Illuminated Floors

	3 In Situ Floor Visualization Strategies
	3.1 Walkthrough with Photo Gallery Application
	3.2 Design Space for Floor Visualization Strategies
	3.3 Phase 1. In Situ Personal Tracking Feedback with Halos
	3.4 Phase 2. Zones and Borders: Entries and Exits for Interaction
	3.5 Phase 3. Waves and Footsteps: Inviting for Approach, Spatial Movement, or Next Interaction Steps
	3.6 Reflection on In Situ Visualization Strategies

	4 Implementation
	4.1 Hardware Setup of the Interactive Floor Display
	4.2 Tracking Users
	4.3 Floor Renderer
	4.4 Alternative Implementations

	5 Discussion
	Acknowledgements
	References

	Self-Actuated Displays for Vertical Surfaces
	Abstract
	1 Introduction
	2 Related Work
	2.1 Physical User-Actuated Interfaces
	2.2 Physical Self-Actuated Interfaces
	2.3 Summary

	3 Self-Actuated Displays for Vertical Surfaces
	3.1 Concept
	3.2 Prototype Implementation

	4 Creating Potential Use-Cases
	4.1 Study Method
	4.2 Results
	4.3 Discussion

	5 Implementation of Example Scenarios
	5.1 Selection of Scenarios
	5.2 Video Prototype
	5.3 Device Prototype

	6 Scenario Evaluation
	6.1 Method
	6.2 Results
	6.3 Discussion

	7 Conclusion
	Acknowledgements
	References

	3D-HUDD -- Developing a Prototyping Tool for 3D Head-Up Displays
	1 Introduction
	2 Related Work
	2.1 Prototyping
	2.2 3D Head-Up Displays
	2.3 Gestures for 3D Displays

	3 Informing the Design
	3.1 Procedure
	3.2 Results

	4 The 3D Head-Up Display Designer (3D-HUDD)
	4.1 Graphical User Interface
	4.2 Depth Management
	4.3 Interaction
	4.4 Implementation

	5 Evaluation
	5.1 Study Design
	5.2 Task
	5.3 Measures
	5.4 Study Setup
	5.5 Participants
	5.6 Procedure
	5.7 Results
	5.8 Limitations
	5.9 Discussion

	6 Conclusion
	References

	Design and Evaluation of Mirror Interface MIOSS to Overlay Remote 3D Spaces
	Abstract
	1 Introduction
	2 Related Work
	3 Mioss
	3.1 System Summary
	3.2 Implementation

	4 Evaluation of Recognition of Object's Position
	4.1 Experimental Method
	4.2 Results of Recognition of Position
	4.3 Results of Subjective Evaluation

	5 Discussion
	6 Conclusion
	References

	Improving Spatial Awareness for Human Trajectory Visualization in Space-Time Cubes
	Abstract
	1 Introduction
	2 Compared Visualizations
	3 User Study
	3.1 Experimental Design
	3.2 Results

	4 Conclusions and Future Work
	Acknowledgements
	References

	MStoryG: Exploring Serendipitous Storytelling Within High Anxiety Public Spaces
	Abstract
	1 Introduction
	2 Related Work
	2.1 Public Displays
	2.2 User-Generated Content
	2.3 Community-Based Storytelling and Location-Centric Narratives

	3 Design Space
	3.1 Motivation

	4 Concept Validation
	4.1 Deployment One: The Exquisite Corpse Installation
	4.2 Deployment Two: The FNC0313 Installation
	4.3 Deployment Three: MStoryG
	4.4 A Space Within a Place
	4.5 Feeding the Installation

	5 Evaluation Protocol and Methodology
	6 Findings
	6.1 Attracting Passerby Glances Using Sound
	6.2 Passerby Perception: Installation and Stories
	6.3 Traveller Focus, Goals and Objectives
	6.4 Reading Stories and Authoring Stories

	7 Discussion
	7.1 Viability of the Evaluation Protocol

	8 Conclusion
	References

	Estimating Visual Comfort in Stereoscopic Displays Using Electroencephalography: A Proof-of-Concept
	Abstract
	1 Introduction
	2 Experiment
	2.1 Overview
	2.2 Apparatus
	2.3 Participants
	2.4 Measures
	2.5 Procedure

	3 Analyses
	4 Results
	5 Discussion and Conclusion
	References

	Exploring the Use of Virtual Environments in an Industrial Site Design Process
	Abstract
	1 Introduction
	2 Related Work
	2.1 User Experience with 3D Virtual Worlds
	2.2 Immersive Environments and Human Perception

	3 Study Design
	3.1 Industrial Site Virtual World
	3.2 User Study Set-up

	4 Results
	4.1 Paths Taken by Test Participants
	4.2 Subjective Ratings
	4.3 Product Reaction Cards
	4.4 Heart Rate Analysis

	5 Discussion
	5.1 Experiental Aspects
	5.2 Control and Immersion
	5.3 Use of Heart Rate
	5.4 Interaction Technologies as Tools
	5.5 Limitations of the Study

	6 Conclusion
	Acknowledgments
	References

	Pointing in Spatial Augmented Reality from 2D Pointing Devices
	Abstract
	1 Introduction
	2 Related Work
	3 Pointing in SAR
	4 User Study
	4.1 Participants
	4.2 Apparatus
	4.3 Procedure
	4.4 Design

	5 Results and Discussion
	6 Conclusion
	Acknowledgements
	References

	The Comparison of Performance, Efficiency, and Task Solution Strategies in Real, Virtual and Dual Reality Environments
	Abstract
	1 Introduction
	2 Related Work
	3 Experimental Setup
	3.1 Efficiency Calculation
	3.2 Schematic Setup
	3.3 Interaction Design
	3.4 Pilot Study

	4 Main Experiment
	4.1 Hypotheses
	4.2 Apparatus
	4.3 Participants
	4.4 Task
	4.5 Procedure
	4.6 Efficiency Formula Refinement for the Experiment Task
	4.7 Measures---Dependent Variables

	5 Results
	5.1 Task Measures

	6 Discussion
	7 Design Principles
	8 Conclusion
	References

	Hard-to-Get-at Data from Difficult-to-Access Users
	Abstract
	1 Introduction
	2 Background
	3 Design Objectives
	3.1 Digital Diary
	3.2 Location Tracking
	3.3 Activity and Physiological Data

	4 Making Sense
	5 An Ecological Study of Self-harm
	6 Conclusions
	Acknowledgements
	References

	Oh, What a Night! Effortless Sleep Monitoring at Home
	Abstract
	1 Introduction
	2 The Study
	3 Results
	3.1 The Bracelet
	3.2 Night Mode
	3.3 Synchronization
	3.4 Viewing Results
	3.5 Value

	4 Discussion
	5 Conclusion
	References

	SkInteract: An On-body Interaction System Based on Skin-Texture Recognition
	Abstract
	1 Introduction
	2 Related Work
	3 Prototype System Outline
	3.1 Hardware Setup
	3.2 Scanning and Mapping the Hand
	3.3 Region Detection

	4 System Evaluation
	4.1 Recognition Rate
	4.2 Computational Cost of the Area Recognition
	4.3 Required Size of the Input Region
	4.4 Drawbacks of the Capacitive Fingerprint Sensor

	5 Design Space and Applications
	6 Conclusion and Future Work
	References

	Towards a Model of Virtual Proxemics for Wearables
	Abstract
	1 Introduction
	2 Related Work
	2.1 Related Properties for Wearables
	2.2 Proxemics Theory
	2.3 Proxemics in Computer Science
	2.4 Control of Data Spaces and Wearable-Based Interactions

	3 Virtual Proxemics
	4 The Cat in the Map Experience
	5 Conclusion
	References

	ZENse - Supporting Everyday Emotional Reflection
	Abstract
	1 Introduction
	1.1 How to Gather Data?
	1.2 What Data to Gather?
	1.3 What Interface?

	2 ZENse Prototype
	3 User Study
	3.1 Study Setup
	3.2 Findings

	4 Discussion and Future Work
	References

	BlurtLine: A Design Exploration to Support Children with ADHD in Classrooms
	Abstract
	1 Introduction
	2 BlurtLine in the Lab
	3 BlurtLine in the Field
	3.1 User Study Setup
	3.2 Results

	4 Discussion
	5 Conclusion
	References

	Cooperation in Real-Time Using a Virtual Environment
	Abstract
	1 Introduction
	1.1 The Virtual Collaboration Arena (VirCA)

	2 Demonstration
	2.1 The Virtual Environment
	2.2 Brief Description of the Task

	Acknowledgements
	References

	Diving into the Data Ocean
	Abstract
	1 Background
	2 Problem and Approach
	3 Concept
	4 Implementation and Evaluation
	5 Summary and Future Work
	Acknowledgements
	References

	ETA Wizard App: Make Design and Evaluation of Accessible Electronic Travel Aids Easy
	Abstract
	1 Introduction
	2 ETA Wizard App
	Acknowledgement
	References

	Generating Narratives from Personal Digital Data: Using Sentiment, Themes, and Named Entities to Construct Stories
	Abstract
	1 Introduction
	2 Generating Narratives from Personal Digital Data
	3 Conclusion and Future Work
	Acknowledgments
	References

	Interactive Light Feedback: Illuminating Above-Device Gesture Interfaces
	1 Introduction
	2 Related Work
	3 Interactive Light Feedback
	4 Summary
	References

	StoreAnt: A System to Support Finding Collaborative Systems Evaluation Methods
	Abstract
	1 Introduction
	2 Goals and Requirements
	3 StoreAnt
	4 Final Remarks
	Acknowledgments
	References

	TUIOFX---Toolkit Support for the Development of JavaFX Applications for Interactive Tabletops
	Abstract
	1 Introduction
	2 Requirements and Design Decisions
	3 The TUIOFX Toolkit
	4 Related Work and Discussion
	Acknowledgments
	References

	``I Was Here'': Enabling Tourists to Leave Digital Graffiti or Marks on Historic Landmarks
	Abstract
	1 Introduction
	2 Related Work
	3 Discussion
	4 Conclusion
	References

	A Hybrid Approach for Visualizing Spatial and Non-spatial Data Types of Embedded Systems
	Abstract
	1 Introduction
	2 The SceneMan Platform
	3 Utilizing the Stereoscopic Depth
	References

	A Multi-modal System for Public Speaking
	Abstract
	1 Introduction
	1.1 Existing Research

	2 Research Question
	3 Proposed Multi-modal System for Public Speaking
	4 Progress to Date
	5 Expected Results
	Acknowledgement
	References

	A Study on How to Express Non-manual Markers in the Electronic Dictionary of Japanese Sign Language
	Abstract
	1 Introduction
	2 NVSG Element Model
	2.1 N Element and V Element
	2.2 S Element
	2.3 G Element

	3 Sign Description Using the NVSG Element Model
	4 Conclusion
	Acknowledgment
	References

	Applying “Out of Body” Vibrotactile Illusion to Two-Finger Interaction for Perception of Object Dynamics
	Abstract
	1 Introduction
	2 Related Work
	3 Experiment: Perception of Dynamics by Out of Body Tactile Illusion in Two-Finger Interaction
	3.1 Experimental Set-up and Procedure
	3.2 Results

	4 Discussion and Conclusion
	References

	Designing IDA - An Intelligent Driver Assistant for Smart City Parking in Singapore
	Abstract
	1 Introduction
	2 IDA- An Intelligent Driver Assistant
	3 Interaction Design
	3.1 Ida’s Personality

	4 Demo at a Public Event and Future Work
	References

	Development of Usability-Criteria for the Selection Process of Document Management Systems
	Abstract
	1 Introduction
	2 Method
	2.1 Procedure
	2.2 Formulation of Criteria

	3 Results
	3.1 Criteria Classification
	3.2 Criteria List

	4 Summary and Outlook
	Acknowledgements
	References

	Digital Co-design Applied to Healthcare Environments: A Comparative Study
	Abstract
	1 Introduction
	2 Experiment Setup
	3 A Comparative Study
	4 Results and Discussion
	5 Conclusion and Future Studies
	Acknowledgements
	References

	Dual Camera Magic Lens for Handheld AR Sketching
	Abstract
	1 Introduction
	2 Dual Camera Magic Lens
	3 User Study
	4 Results
	5 Discussion and Conclusion
	References

	Enabling Naturalness and Humanness in Mobile Voice Assistants
	Abstract
	1 Introduction
	2 Defining the Communication Style
	3 Decoding the Personality
	4 Developing Speech and Dialogue
	5 Creating Appearance and Gestures
	6 Conclusions
	References

	Estimation of Radius of Curvature of Lumbar Spine Using Bending Sensor for Low Back Pain Prevention
	Abstract
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	Reference

	Evaluation of Dispatcher Requirements on Automated Customer Feedback in Public Transport
	Abstract
	1 Introduction
	2 Method
	3 Results
	3.1 Supply with Actual Data About Customers
	3.2 Attitudes Towards Using Automated Customer Feedback
	3.3 Relevance of Different Contents of Automated Customer Feedback

	4 Discussion
	5 Conclusion
	References

	Experiences of Teaching HCI to a Multidisciplinary Cohort of Computing and Design Students
	1 Introduction
	2 Changed Unit Proposal for HCI
	3 Student Projects
	4 Conclusion
	References

	Experiencing a Home Energy Management System: Finding Opportunities for Design
	Abstract
	1 Introduction
	2 Experiencing the Plugwise HEMS Package
	2.1 Procedure
	2.2 Results

	3 Discussion and Design Implications
	References

	Eye Strain from Switching Focus in Optical See-Through Displays
	Abstract
	1 Introduction
	2 Related Work
	3 Experiment 1: Fatigue Caused at Different Refocusing Lengths
	4 Experiment 2: Refocusing Frequency vs. Duration
	5 Conclusion and Future Work
	Acknowledgements
	References

	First Impression Matters: Exploring the Mediating Effect of Previous Experience on the Perception of ...
	Abstract
	1 Introduction
	2 Method
	3 Main Experiment
	4 Results
	5 Conclusion and Discussion
	References

	Informing Costumers via Interactive Shelves
	Abstract
	1 Introduction
	2 System Description
	3 System Design and Implementation
	4 Conclusion
	References

	Intelligent Ankle-Foot Orthosis by Energy Regeneration for Controllable Damping During Gait in Real Time
	Abstract
	1 Introduction
	2 Basic Characteristics of the Prototype
	3 Continuous Gait Experiments
	3.1 Consideration of Gait Improvement
	3.2 Consideration of Electric Power Recovery Ratio

	4 Conclusion
	References

	Interactive Check System for Facilitating Self-awareness of Dorm Students in Upper Secondary Education
	Abstract
	1 Introduction
	2 Basic Configuration
	3 Implementation and Practice
	4 Conclusions
	References

	Interactive Toys in the Home: A Parents Perspective
	1 Introduction
	2 Focus Group with Parents
	2.1 Procedure
	2.2 Setup and Measurements
	2.3 Results

	3 Discussion and Conclusion
	References

	Learning Lessons from Controlled Studies to Investigate Users' Resilience Strategies
	Abstract
	1 Introduction
	2 Previous Work
	3 A Controlled Study into Cueing Strategies
	3.1 Study Design and Hypotheses
	3.2 Task Paradigm

	4 Findings and Observations
	5 Lessons Learned and Revised Study
	Acknowledgements
	References

	LightWatch: A Wearable Light Display for Personal Exertion
	Abstract
	1 Introduction and Background
	2 LightWatch
	2.1 Conceptual Design
	2.2 Implementation

	3 Discussion and Conclusion
	References

	Perceptive Media -- Adaptive Storytelling for Digital Broadcast
	Abstract
	1 Introduction
	2 Perceptive Media
	3 The Perceptive Radio
	4 A Campfire Story
	5 Conclusion
	References

	Redesigning Interaction in CODES
	Abstract
	1 Introduction
	2 CODES Overview
	3 Current Issues
	4 Proposed Solution and Concept Criteria
	5 Final Considerations
	References

	Small Community Size of Private SNS for Bonding Relationship: Development of a Research Framework
	Abstract
	1 Introduction
	2 Background
	2.1 Social Network Service
	2.2 Community Size for Effective Relationship

	3 Development of a Research Framework
	4 Discussion and Conclusion
	Acknowledgements
	References

	Sushi Train Interface: Passive and Interactive Information Sharing
	Abstract
	1 Introduction
	2 Sushi Train Interface
	3 Prototype
	3.1 Interaction Using Cameras
	3.2 Interaction Using Smart Laser Pointers

	4 Conclusion
	References

	Tangible Microscope with Intuitive Stage Control Interface
	Abstract
	1 Introduction
	2 Tangible Interaction for Microscope
	3 Prototype
	4 User Experience
	5 Conclusion
	References

	Touch Skin: Proprioceptive Input for Small Screen Devices
	Abstract
	1 Introduction
	2 Related Work
	3 Experiment
	3.1 Experimental Procedure
	3.2 Results

	4 Discussion and Conclusion
	References

	Towards In-Air Gesture Control of Household Appliances with Limited Displays
	1 Introduction
	2 Related Work
	3 Gesture Thermostat
	3.1 Gesture and Feedback Design
	3.2 Initial Evaluation Results

	4 Summary
	References

	Video-Conferencing in E-commerce Website: Effect on Perceived Service Quality and Trust
	Abstract
	1 Introduction
	2 Method
	3 Results
	4 Discussion and Conclusion
	References

	Contextual Interaction Design Research: Enabling HCI
	Abstract
	1 Contextual.Interaction.Design.Research
	2 Enabling HCI -- the Case of Six Research Groups
	3 Conclusion

	Organisational Overview: Institute for Design and Assessment of Technology, Vienna University of Technology (TU Wien)
	Technology Experience Research: A Framework for Experience Oriented Technology Development
	Abstract
	1 Viewpoints Towards a Business Agenda
	2 Viewpoints Towards a Research Agenda
	3 Conclusion

	Usability Testing Practice at MIMOS Usability Lab
	Abstract
	1 Introduction
	2 Usability Testing Practice
	2.1 Setting up Task to Measure Effectiveness, Efficiency, Satisfaction
	2.2 Giving Score
	2.3 Calculating Individual Metrics and Usability Score

	3 Conclusion
	References

	Design, Innovation and Respect in the Global South
	Abstract
	1 Panel Topics and Objective
	2 Panelists
	2.1 Chris Csikszentmih00E1lyi: Innovating in the Global South
	2.2 Torkil Clemmensen: Reframing HCI Concepts and Tools
	2.3 Christian Sturm: Respect-Based Design
	2.4 Jose Abdelnour-Nocera: IDID Under a New Development Agenda


	Interaction and Humans in Internet of Things
	Abstract
	1 Introduction
	2 Interaction Techniques for IoT
	3 Automation and Interaction
	4 Human-Related Information in IoT
	5 Panel Members

	Role of Conferences in Shaping the Field of HCI
	Abstract
	1 Introduction
	2 Panel Members

	Design and Rapid Evaluation of Interactive Systems in Theory and Practice
	Abstract
	1 Objectives and Contents
	2 Intended Audience
	3 Instructors
	References

	How to Design and Build New Musical Interfaces
	1 Learning Objectives and Structure
	2 Intended Audience
	3 Reading List
	References

	Sketching User Experiences Tutorial
	Abstract
	1 Tutorial Structure
	References

	Tutorial on Human Computer Interaction for Third Places - THCI-3P
	Abstract
	1 Introduction
	2 Motivation and Expected Audience
	3 Topics of Interest
	4 Proposed Program
	5 Presenters
	References

	Tutorial: Modern Regression Techniques for HCI Researchers
	1 Objectives
	2 Content
	2.1 Session 1: From Classic to General Linear Models (GLM)
	2.2 Session 2: Interaction and Selection
	2.3 Session 3: Basic Mixed-Effects Models
	2.4 Session 4: Advanced Mixed-Effects Models

	3 Intended Audience
	4 Suggested Readings
	5 Background of the Tutor
	6 Pedagogical Concept
	7 Material and Required Resources
	References

	Working with Child Participants in Interaction Design
	Abstract
	1 Introduction
	2 Learning Objectives, Content and Duration
	3 Audience and Reading List
	References

	Fostering Smart Energy Applications
	Abstract
	1 Introduction
	2 Theme and Topics of Interest
	3 Target Audience
	4 Workshop Plan
	5 Expected Outcome and Dissemination
	6 Key Organizers

	Human Work Interaction Design (HWID): Design for Challenging Work Environments
	Abstract
	1 Background
	2 Workshop Aims
	References

	IFIP WG 13.2 Workshop on User Experience and User-Centered Development Processes
	Abstract
	1 Overview and Goals
	2 Target Audience and Expected Outcomes
	References

	IFIP WG 13.5 Workshop on Resilience, Reliability, Safety and Human Error in System Development
	Abstract
	1 Overview and Goals
	2 Target Audience and Expected Outcomes
	3 Participant Solicitation and Selection
	Reference

	Learning Beyond the Classroom: For and About Older and Disabled People
	Abstract
	1 Overall Concept of the Workshop
	2 Goals and Topics for the Workshop
	3 Organisers
	4 Expected Outcomes
	References

	Mediation and Meaning in HCI
	About the Organizers
	References

	Methods for Undertaking Research on Technology with Older and Disabled People
	Abstract
	1 Introduction
	2 Objectives and Topics to be Addressed in the Workshop
	3 Organizers
	4 Target Audience
	5 Expected Outcomes
	References

	Social Image Research in the Age of Selfies
	Abstract
	1 Introduction
	2 Goals, Themes, and Target Audience
	3 Organizers
	References

	The Landscape of UX Requirements Practices
	Abstract
	1 Workshop Topic and Rationale
	2 Target Audience and Expected Outcomes
	3 Workshop Organizers

	Workshop on Designing Interaction and Visualization for Mobile Applications (DIViM 2015)
	Abstract
	1 Motivation and Objectives
	2 Workshop Details
	References

	Workshop on Interactivity in Healthcare Systems (IHS)
	Abstract
	1 Workshop Theme
	2 Topics
	3 Outcomes
	References

	Author Index

