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In-class Exercise: Typing Eyes-Free

Try to type on your 
smartphone without looking 
at the screen.
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“Coming back to where you started is not the same as never leaving ”
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Limited Haptic Feedback
UI cannot be felt


• No haptic feedback for 
button position


• No click feeling

• Drift of fingers


Accidental activation


No resting on keyboard


Focus on typing

• Typing eyes-free 

is hard



Hard to select 
small targets


Inaccuracies on 
release 

 
 

Touch screens 
require visual focus 

to avoid input 
errors
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Limited Haptic Feedback
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Tangible Objects on 
Touchscreens

PERCs [Voelker et al. UIST 2015]
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Urp: A Luminous-Tangible 
Workbench for Urban Planning 
and Design 
Underkoffler, Ishii CHI’ 99


Tangibles represent buildings

• Shadowfall depending on a set time

• Wind simulation




Reactable 
A tangible interface 
to create music, 
commercially 
available.


Jordà et al.          
TEI 2000
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Tangibles on Interactive Surfaces
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Chan et al., CHI’ 12

Jansen et al., CHI’ 12



Tangible Remote Controllers for Wall-Size Displays — Jansen et al., CHI’ 12 
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Figure 6. Results for our three measures, averaged across trials.

• Glance Rate, the number of times the subject looked at the
tablet as a percentage of the number of tap stimuli. Glances
were accompanied with a clear downward head motion and
were counted by viewing video recordings.

We additionally included the two following measures:

• Tap Reaction Time, the average time between the onset of
the tap stimulus on the vertical display and the moment the
subject taps this area on the tablet.

• Misacquisitions, the average number of times the subject
misacquires the slider per tap stimulus.

A misacquisition was defined as a touch event that occurs i)
outside the slider’s active touch area, ii) at a distance less than
80 pixels to this area, iii) between a tap action and a reacqui-
sition, iv) 200 ms or more before the reacquisition. These
criteria were determined from event and video logs and ef-
fectively discriminated between misacquisitions and acciden-
tal touches (e.g., a different finger touches the tablet during a
successful reacquisition or the left hand touches the tablet).

Hypotheses
We conjectured that the tangible slider would be faster to
reacquire and that we would hence observe lower tracking er-
rors overall during tracking + reacquisition tasks than using
touch. We also speculated that users would be more confident
and therefore would look less often at the tablet. However,
we did not expect the tangible slider to bring much benefit
while users operate them, hence we supposed there would be
no measurable difference between the techniques in the pure
tracking task. Therefore, our hypotheses were:

• For the tracking + reacquisition task:
H1. The tangible condition yields a lower tracking error

than the touch condition.
H2. The tangible slider is faster to reacquire than the
touch-operated slider.
H3. The tangible condition yields less glances to the tablet
than the touch condition.

• For the pure tracking task:
H4. Input technique has no effect on tracking error.

Results
All data were analyzed using a repeated measures ANOVA.
Since only the Tracking Error measure provides data for the
two task conditions, we only report on the main effect and
interactions for this measure. All other measures are specific
to the tracking + reacquisition task condition.

Tracking Error
We found a significant main effect for technique on Tracking

Error (F1,8 = 29.2, p = .001). An overall means comparison
shows it was smaller with tangible (Mtangible = 7.0%) than
with touch (Mtouch = 8.3%). The interaction between tech-
nique and task is also significant (F1,8 = 22.82, p = .001).

For the pairwise comparison the effect is only significant un-
der the tracking + reacquisition task (F1,8 = 31.8, p < .001),
which supports our hypothesis H1. The averages are plotted
in Figure 6 left. When comparing the two techniques under
the tracking task, the effect is not significant but shows a trend
(F1,8 = 3.5, p = .098), which weakly supports our hypothesis
H4. All the following analyses are reported for the condition
tracking + reacquisition only (see Figure 6).

Reacquisition Time
Analysis of variance showed a significant effect for technique
on Reacquisition Time (F1,8 = 14.6, p = .005). Means were
lower for tangible control (Mtangible = 0.43s, Mtouch = 0.65s),
supporting our hypothesis H2.

Glance Rate
The analysis for Glance Rate also showed a significant ef-
fect for technique (F1,8 = 34.2, p < 0.001). Overall means
were much lower for tangible (Mtangible = 17%) than for touch
(Mtouch = 77%), supporting our hypothesis H3.

Tap Reaction Time
We found no effect on Tap Reaction Time (F1,8 = 2.5, p = .154)
for technique.

Misacquisitions
The analysis of variance for the number of misacquisitions
per tap stimulus also showed a significant effect for tech-
nique on Misacquisitions (F1,8 = 25.2, p = .001). Overall
means were much lower for tangible (Mtangible = 0.7%) than
for touch (Mtouch = 18%).

Strategies
Subjects used 3 types of strategy for managing their attention:

• 7 subjects looked at the tablet at almost every tap / reac-
quisition under the touch condition (average glance rate of
88%) and almost never looked with the tangible (1.6%),

• 3 subjects tried not to look at the tablet under both tech-
niques (32% for touch and 0.72% for tangible),

• 2 subjects consistently looked at the tablet under both tech-
niques (103% for touch and 95% for tangible).

Session: Bigger is Better:  Large & Multiple Display Environments CHI 2012, May 5–10, 2012, Austin, Texas, USA
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• A tangible slider outperformed a touch 
slider especially when the user needed to 
interact with other areas on the touch 
device.


• Switching to the tangible slider was faster


• Participants watched less at their input 
device when using the tangible slider

Figure 4. The experimental setup.

Design
A repeated measures full-factorial within participants design
was used. One factor was the input technique, i.e., touch

or tangible input. A second factor was the task, i.e., either
pure tracking (tracking) or tracking with a secondary task that
forced subjects to release and reacquire the slider (tracking

+ reacquisition). 12 participants were randomly assigned to
one of four groups according to a balanced latin square 2 x 2
design. So the experiment consisted of:

12 participants
⇥ 2 techniques
⇥ 2 tasks
⇥ 4 repetitions
= 192 trials

Each trial took 90 seconds, summing up to about 35 minutes
including training for each participant.

Apparatus
We ran the experiment on a MacBook Air connected to a
121⇥68 cm (1920⇥1080 pixels) display mounted on a wall
at a 125 cm height (bottom edge), and communicating wire-
lessly with an iPad 2. A table prevented subjects from get-
ting closer than 230 cm. In the touch condition, the iPad dis-
played a virtual slider of 1.2⇥9.5 cm with an active touch
area of 1.2⇥8.0 cm (the thumb jumped to the touch position).
In the tangible condition, a 1.2⇥9.5⇥0.6 cm physical slider
(1.2⇥0.4 cm thumb size), designed as explained in the previ-
ous section, was placed on top of the virtual slider. As shown
in Figure 5, the two sliders had a similar appearance.

Task
The primary task for this experiment was loosely designed
after the tracking task used by Fitzmaurice and Buxton [12].
Participants held the tablet, stood in front of a wall-mounted
display and had to continuously readjust the slider to track a
target presented on the vertical display. The display showed a
larger slider with both the current thumb position and the de-
sired position (the target) (see Figure 4). A red bar connected
the two to highlight the error. Subjects were instructed to
keep this error as small as possible at all times.

The target followed a precomputed 1-D path among four dif-
ferent paths whose order was randomized within each block.

Tap
Area

Touch Slider Tangible Slider

Figure 5. Top view of the tablet with the touch and the tangible slider.

Like in [12], the target moved at a constant speed, “darted
off” at random intervals and changed direction when it reached
an extremum. We used a target speed of 0.15 units per second,
a dart-off distance of 0.3 units and a dart-off interval between
2 and 4 seconds. A unit equals the slider’s total range.

During the tracking + reacquisition task, the left side of the
vertical display lit up red — which we refer to as the tap stim-

ulus, see Figure 4 — at pre-defined random intervals between
2 and 6 seconds (about 20 times per trial). When this hap-
pened, subjects were instructed to tap the corresponding area
of the tablet as soon as they could, then promptly return to
the tracking task. The tap area was large enough to allow for
confident eyes-free acquisition and its only purpose was to
have participants release then reacquire the slider’s thumb. In
case the tap stimulus was ignored (which rarely occurred dur-
ing the experiment), each new tap stimulus was queued and
displayed immediately after the reacquisition of the slider.

Subjects were told to be as fast and accurate as possible
throughout the experiment and that the tracking and tapping
tasks were equally important. They were instructed to stand,
hold the tablet in their non-dominant hand, and perform the
taps with the index finger of their dominant hand in order to
enforce the need for releasing the slider. Subjects could oth-
erwise hold the tablet and use the slider as they wished.

Subjects were given an initial practice session of 90 seconds
per technique with the tracking + reacquisition task. They
were warned that holding the tablet could yield fatigue and
were allowed to rest between trials. Subjects were videotaped
during the experiment and upon its completion, were given a
questionnaire and were asked to comment on the techniques.

Participants
7 male and 5 female unpaid volunteers participated in the ex-
periment. 58% own a mobile phone with a touch screen (no
interaction with gender). All agreed to be videotaped.

Measures
Our three main dependent variables were:

• Tracking Error, the distance between the thumb and target
as a percentage of the slider range, averaged over samples.

• Reacquisition Time, the average time between the moment
the subject taps the left area of the tablet and the first sub-
sequent touch event within the slider’s active area.

Session: Bigger is Better:  Large & Multiple Display Environments CHI 2012, May 5–10, 2012, Austin, Texas, USA
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How to Build a Tangible Object?

PERCs [Voelker et al. UIST 2015]
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TouchTokens

11

Guiding 
Touch 
Patterns with 
Passive 
Tokens 
TouchTokens 
Gonzalez et al.  
CHI’ 16



TouchTokens
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[Gonzalez et al. CHI ’16]



TouchTokens
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[Gonzalez et al. CHI ’16]
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Capactive Screens

Tangible Awareness [Cherek et al. CHI 2018]
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LCD Display

Transmitter

Gap

Receiver

Glass Surface
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LCD Display

Transmitter

Gap

Receiver

Glass Surface
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How to Detect an Object?



Christian Cherek: Tangibles on Tabletops21

LCD Display

Transmitter

Gap

Receiver

Glass Surface
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Releasing or Removing an Object?
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Tracking problem
• Image user touches tangible (with marker)


• Image user releases object (not detected)


•

Christian Cherek: Tangibles on Tabletops24



•       
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PUCs: Passive Untouched Capacitive Widgets
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Name: Topic29



Problem: Edgecases & Adaptive Filtering
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Scan line Signal

Christian Cherek: Tangibles on Tabletops32

Microsoft Surface

3M 46” Display

Acer 27” Display

Microsoft 55” Display

PerspectivePixel 27” DisplayiPad 4
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PERC_I

Tangible PERC_1 on Surface

Is the Tangible Still On the Screen?
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PERC_I

Tangible PERC_1 off Surface

Is the Tangible Still On the Screen?
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Tangible PERC_1 on Surface

What is the Tangible’s Orientation?
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Tangible PERC_1 on Surface

Color changed

PERC_I

What is the Tangible’s Orientation?



Identifying Tangibles
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Tangible PERC_1 on Surface

Tangible PERC_2 on Surface

PERC_1 Color 

PERC_I

PERC_2
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Tangible Applications

Tangible Awareness [Cherek et al. CHI 2018]
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Tangible Awareness

39

Evaluating 
tangibles 
impact on 
user 
awareness 

Tangible 
Awareness   
Cherek et al.      
CHI 2018



Multi-Touch Displays 
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Pixelsense 40” Surface Hub 84”



Collaboration 
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Secondary Tasks 
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Alice Bob

Chris Dorothy



Secondary Tasks 
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Alice Bob

Chris Dorothy
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Do Tangibles Increase Secondary Task Awareness?
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Alice Bob

Chris Dorothy
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Tangible Awareness
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Evaluating 
tangibles 
impact on 
user 
awareness 

Tangible 
Awareness   
Cherek et al.      
CHI 2018
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Reaction Time
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Bots & Mainframes
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Haptic 
Feedback

Building 
Tangible 
Objects

Applications


