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Abstract
People with impairments are often forced to use special and
mostly expensive hardware for the interaction with computer
systems, or, in case these devices cannot be afforded, are
confronted with very limited interaction options. The IAAA
project aims at reducing the barriers by analyzing and mod-
eling people’s interaction with computers, supporting the in-
teraction process by automated adaptation to the user’s in-
dividual needs and by exploring new interaction methods for
the target group. Recently, efforts were made to enhance
the interaction by including wearable technology and mobile
devices. A prototype involving a smartwatch and the Myo
armband was developed. The wearables are used i) to pro-
vide haptic feedback to the user during the interaction with
the phone, ii) to implement new forms of interaction (e.g.,
shaking the arm) and iii) to measure the physical effort in-
volved with a user’s interaction with a device (in order to
derive physical strain). This paper describes the prototypes,
the ideas behind and initial experiences with them.
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Introduction
The IAAA project aims at analyzing and modeling users’
interaction with a system in order to enable automated in-
teraction individualization. People with motor but also cogni-
tive impairments1 are the first target group as their (interac-
tion) abilities are highly diverse and many conventional in-
teraction devices and methods are only limitedly accessible
for them. The project also investigates new or unconven-
tional interaction modalities and combinations. This paper
focuses on mobile and wearable devices (see Figure 1) and
interaction methods. Previous efforts have been made to
investigate interaction with common smart phones via appli-
cation of physical pressure, using different technologies and
sensors (see [1]). The prototypes with mobiles and wear-
ables described in this paper partly build upon this work,
e.g., aiming at enhancing pressure-based interaction with
haptic feedback provided by a wearable device.

Figure 1: Mobile and wearable
devices used within the IAAA
project so far: Samsung Galaxy
S5, LG G Watch R and Myo
armband.

The paper is structured as follows. Section Related Work
summarizes work related to our previous prototypes on
pressure-based interaction and work in the area of inter-
action with mobiles and wearables. Section Interaction
Considerations describes the (therapeutic) ideas behind
the prototypes presented in Section Interaction Prototype
before Section Conclusions and Future Work provides an
outlook on subsequent work.

Related Work
Our work described here is based on our approach of using
physical pressure as interaction method (see [1] for details).
Our implementation of pressure-sensing builds upon the
work of Hwang et al. which is described in the following
paragraphs. Furthermore, we outline related work in the

1We e.g., tested our prototype with people with cerebral palsy and
Down’s syndrome, people with visual impairment are not part of the target
group at the moment.

area of interaction with wearable devices.

In general, physical pressure can be captured in several
different ways. One approach described by Hwang et al.
[3] uses a magnetically driven pen interface, where a pen
is augmented with a magnet that rests on a spring embed-
ded in the centre of the pen. The magnet’s position related
to the built-in magnetometer in the smart phone is used to
sense the pressure. Another approach is described by [4],
where the smart phone is brought to vibration with the built
in vibration motor. When the device gets in contact with a
damping surface (e.g., a user’s hand), vibration absorption
(thus: pressure) is measured with the built-in accelerome-
ter. PseudoButton [5] is another approach to overcome the
limitations of a capacitive screen. It tries to use an acoustic-
based pressure-sensitive button, where a built-in speaker
emits a sound. When a finger covers the pinhole of the mi-
crophone, it blocks and changes partially the sound accord-
ing to the pressure applied by the finger. With a final signal
analysis it is possible to identify different pressure levels.

A way to sense acceleration of muscular activity is the Myo
gesture armband from Thalmic Labs with its built-in sen-
sors. [10] evaluated the acceleration and electromyogra-
phy (EMG) data of the Myo. For user tests they chose a
prototypical music instrument, which can be controlled by
the user’s arm. One of the problems they faced quite often
were misclassifications. One explanation for this was the
poor contact between the EMG sensors and the skin for
users with thinner arms than an average adult. The adapta-
tion possibilities for the proper fitting are a bit limited but in
general the quality of the motion and muscle sensing data
is sufficient for sound production and modification. Mulling
and Sathiyanarayanan [8] used the Myo for mid-air hand
gesture recognition in an Apple Maps interaction scenario.
One of the findings was that social acceptability of the Myo



was good, and in regards of comfort and ability to perform
gestures most of the users feel comfortable when using
the device. In terms of ease of use and learning, the users
mentioned that the device is difficult to learn, hard to use
and that a high level of effort/stress was associated with the
Apple Maps interaction scenario. Some of the experienced
difficulties might stem from the given interaction design for
controlling interactive maps, which does not perfectly fit, so
that the authors suggest a participatory design process to
understand which tasks are most frequent in this scenario
and associate them with appropriate gestures. Kerber et
al. [6] utilize eyes-free, same-side hand interaction (e.g.,
while carrying something) with arm-placed devices based
on EMG. As experimentation scenario they use the Spotify
Music app on the smart watch where the user has to control
a music player with gestures while wearing something in the
opposite hand. Their expectation was that EMG interaction
technique is significantly faster but found that the task com-
pletion for pause/restart was significantly slower compared
to touch interaction, while the interaction technique had no
significant effect on error and false recognition rate.

Interaction Considerations
Conventional forms of interaction often cannot or only in a
limited way be used by people with (especially motor) im-
pairments. Thus, IAAA (among other activities) investigates
different new or unconventional forms of interaction for this
target group. Wearable devices like a smartwatch or the
Myo armband [9] are often used in combination with other
devices (e.g., for notifications). We included a smartwatch
and the Myo armband in our research based on different
considerations as described in the following sections.

Haptic Feedback in Smart Phone Interaction
A study with a prototype for touchless interaction with the
Leap motion controller [2] has shown that for many peo-

ple it was not obvious whether their interaction was in the
controller’s sensitive area or not. A similar problem was
identified with pressure-based interaction with the smart-
phone [1], where physical pressure is used to interact with
the device. In order to distinguish between different activ-
ities, we introduced different pressure levels (e.g., strong,
middle or low pressure). Here, it is also not obvious per
se for users at what level the currently applied pressure is.
Haptic feedback is a possible way to eliminate or at least
reduce the problem. Our prototype asks users to apply dif-
ferent pressure levels in a certain order to help the user
train this kind of interaction and uses either a smart watch
or the Myo armband to provide vibration feedback in case
the pressure is in the correct range. The haptic feedback
does not distract a user from his/her current activity and
does not require specific attention. The smart phone app
the wearable device is linked with also provides visual feed-
back and could easily be extended by auditive one. The
idea underlying the different types of feedback is rooted in
multi-modal perception. According to [7], people with im-
pairments should always be addressed in a multi-modal
way, especially people with multiple impairments (who also
have to deal with altering perception) or children with atten-
tion deficit disorder. Figure 2 shows one of the probands in
our user tests with a smart phone and the Myo armband.

Shaking as Interaction Method
Many common interaction methods presume a user to
have strong fine motor skills. In case these skills are not or
only present with deficits, interaction may become difficult.
These considerations led to our prototypes for pressure-
based interaction – we found out in earlier user tests that
many people with limited horizontal hand movement abil-
ities could control movement along the vertical axis much
better. Additionally, our user tests led to the idea of hand
or arm shaking as interaction method, especially for peo-



Figure 2: Interaction with a smart phone and the Myo armband.

ple with only partial remaining hand (or foot) functionality
like ALS patients where shaking the hand or waving are of-
ten the only movements possible. Both wearable devices
used by our prototypes offer sensors that help to discover
and analyze shaking movement in general and also allow
for distinction between different levels of shaking intensity.
Thus, similar to what can be done with pressure-based
interaction, different shaking intensities could be used to
replace different activities (like e.g., tap and double-tap).
However, this interaction method is not usable for people
with uncontrollable movement like e.g., spastic patients.

Effort as a Metric for Physical Strain
The IAAA project does not only aim at exploring new in-
teraction methods for people with impairments but also at
automatically selecting the best-fitting interaction setting
for the individual person. Among multiple other factors, we
hypothesize that the physical strain needed to perform an
interaction activity is decisive for an interaction method’s

suitability for the individual. We further hypothesize that
physical strain correlates with the effort that is involved with
the interaction. Being able to measure physical strain or ap-
plied force could be especially useful for people with mus-
cular dystrophy; here, an automated adaptation of the in-
teraction method could also take into account progressive
course (deterioration of muscle function).

Interaction Prototype
Our prototype involves the following input and output de-
vices: smart phone, smart watch and the Myo armband.
The app on the smart phone is the core component and is
used to analyze the user’s abilities related to the execution
of a predefined interaction scenario (e.g., applying pres-
sure to the device or shaking the arm). On one hand, the
combination of smart phone and smart watch or the Myo
armband is used to extend the interaction methods or en-
hance existing ones and on the other hand, to improve the
selection of the best fitting interaction setting for the user.
In general, the Myo armband recognizes gestures using
the built-in EMG and acceleration sensor. As our prototype
only uses the vibration motor and acceleration sensor, it is
also possible to compare the usage of the Myo armband
to a smart watch (the used components are also available
there). We do not work with the built-in gesture-recognition
for our target group because first, many of the predefined
gestures cannot be done by our target group at all and sec-
ond, gestures not exactly matching the predefined ones
easily lead to misclassifications in the recognition process.

The prototype uses a Samsung Galaxy S5, a LG G Watch
R and the Myo armband (see Figures 3 to 5) for i) haptic
feedback, ii) recording acceleration data to improve the
analysis of the user’s interaction and iii) for the shaking
interaction. In the first use-case, haptic feedback is used
as an addition to the currently executed interaction as de-



scribed before. During a user’s interaction with the smart
phone, the app also records acceleration data provided by
the wearable to compute additional sensor-based informa-
tion (second use-case). One such information is the effort
the user has to take to apply a specific pressure level or
shake the arm/hand. We measure effort by considering the
distance covered by the hand or arm movement.

Figure 3: Interaction with smart
phone and smart watch. The watch
provides haptic feedback and is
used as additional display
(currently showing a green bar
indicating that the currently applied
pressure is correct).

Figure 4: Interaction with smart
phone and smart watch. The watch
shows a red bar indicating that the
currently applied pressure has not
yet reached the correct level.

Figure 5: Interaction with smart
phone and Myo armband. The Myo
provides haptic feedback.

The wearable’s acceleration data are accessed in a certain
interval and stored in an interaction file before the euclidean
distance values between the data points are calculated.
The average distance hints the applied physical effort, ac-
cording to our hypothesis and observations so far. To prove
the hypothesis it will be necessary to conduct a study in-
volving not only the collection of acceleration data but addi-
tionally a qualitative survey or interview and user observa-
tion. This two-fold study is part of our planned future work.
Further, we plan to use the Myo armband to measure the
current flow through the muscles which will most probably
help us to more reliably measure the applied force. The
third use case for wearables is the shaking interaction sce-
nario. Here, the user wears the wearable or holds it in the
hand while shaking the arm. The calculation of the shaking
intensity level is also based on the euclidean distance be-
tween the recorded acceleration data points. The distances
are again summed up for a specific set of data points and
assigned to a shaking level. The shaking level ranges be-
tween 0 and 12 with predefined absolute range values.

The main difference between the Myo armband and the
smart watch according to our prototype can be found in the
output possibilities. The watch includes a standard display
where some information can be provided and touch input
can be recognized. In our first approach we use the display
to show the acceleration sensor’s current data and the state
of the haptic feedback to provide visual feedback addition-

ally. Besides the Myo’s ability to analyze EMG data, this
device can also be comfortably placed everywhere on the
arm whereas the smart watch is very limited according to
this aspect. This is especially important for our target group
because the position of the wearable device has to be al-
tered often due to e.g., paralysis of some parts on the arm.
Regarding sensor and sensor data capturing performance,
we could not find a difference for the specified use case.

Conclusions and Future Work
The work with wearables in the IAAA project is in a early
phase still. In this paper, we described the ideas behind
wearable interaction for people with impairments. So far,
we have worked with a smart watch and the Myo armband
in order to i) enhance other interaction methods by provid-
ing haptic feedback and additional information, ii) imple-
ment new ways of interaction (shaking), and iii) gain addi-
tional sensor information that might be useful to evaluate
deeper whether an interaction method is suitable for a user
or not (computation of physical effort involved with inter-
action). We have implemented a prototype for an Android
smartphone that supports the combinations with wearable
devices. Regarding the haptic feedback component we al-
ready tested the prototype with some users of our target
group who in general liked the additional feedback, were
able to understand it well and mentioned that it helped them
to work with the smart phone in the prespecified way. We
did not yet evaluate in depth the actual information gain re-
lated to effort computation. Regarding shaking interaction,
we conducted user tests before implementing the prototype,
aiming at finding out whether the people of our target group
can sufficiently well shake their hands/arms and whether
this kind of interaction could be beneficial for them. As the
results suggested good potential for shaking as interaction
method, we decided to implement it. Here, the next steps
will also include a user study. As IAAA is also focused on



user and interaction modeling, we will invest further effort in
modeling aspects related to the interaction with wearables.
Physical effort as an indicator for physical strain is one com-
mon user model feature that can be computed for different
interaction methods. We will evaluate how well this indicator
describes the actual perception of the user. In addition to
user modeling aspects, we will experiment with additional
wearables like e.g., common fitness wristlets and exper-
iment with the smart watch’s heart rate sensor. Another
future endeavor of broader dimension is related to utilizing
the user models for the automated recognition of collabora-
tion potential (e.g., to recommend teams constellations).
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