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Abstract: Intensive care patients that are weaned from me-
chanical ventilation are facing substantial physical and
psychical stress. Due to the breathing tube, they often can-
not voice their basic needs adequately. Possible conse-
quences, amongst other complications, are a prolonged
healing process and a delirium. To address this issue and
support patient communication in intensive care, we pro-
vide a solution tailored to patients that are dealing with
limited cognitive and physiological abilities, hindering
them to use traditional devices efficiently. For this pur-
pose, we develop a novel interaction device tailored to the
special situation of in-bed interaction.

In this paper, we present key requirements for the de-
vice, which are relevant to the interaction itself as well as
possible interaction gestures that may be performed with
the device. The basis for this is a human-centered design
process consisting of a comprehensive user and context
analysis, as well as a requirements analysis. As a result,
we identified three categories relevant for the interaction,
namely look and feel, sensors, and actuators. The results
of the requirement analysis were precise enough to start
the actual development process of the device.
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1 Introduction

Intensive care is a highly specialized setting for the treat-
ment of the most seriously and critically ill patients in a
hospital. It is characterized by a high degree of complexity
due to the severity of diseases and the degree of technolo-
gization. This means a high burden on everyone involved,
particularly patients themselves, their relatives and health
professionals. The intensive care unit (ICU) setting has a
higher nurse-patient ratio than general wards, justified in
the high degree of responsibility and activities. But staffing
is precarious: A recommended 1 to 2 cast is not steadily fea-
sible in Germany, especially in night shifts serious devia-
tions are reported [23].

Mechanically ventilated patients represent a consid-
erable and mounting patient population in intensive care
units [23]. In 2017, 2.1 million cases of intensive care treat-
ment were reported in Germany. About 430,000 of them
were mechanically ventilated [10, p. 68]. A special and vul-
nerable phase is the weaning from the ventilator (‘wean-
ing”). During this phase, the body has to take over physio-
logical functions that previously were executed by a respi-
rator. The first step in this process is to reduce the sedative
medication making ventilation tolerable to the patient.
The process of weaning is completed when the patient is
able to breathe sufficiently and autonomously and the arti-
ficial airway has been safely removed. The duration of this
procedure is difficult to predict and can last from minutes
to days or even weeks. By definition, it is divided into sim-
ple weaning, difficult weaning, and prolonged weaning
[4]. In summary, it can be stated that the weaning process
causes high physical and psychological stress for patients
and means great responsibility for health professionals.
Based on their serious disease, the influences of sedating
medication and the artificial airway (e. g., tracheostoma or
endotracheal tube), patients are severely restricted to com-
municate or interact with their social environment. Fre-
quently reported strains are insufficiently treated pain [6],
increased risk of suffering a delirium [4], fear, as well as
feelings of unfamiliarity and loss of identity [1, 28]. These
influencing factors can cause complications or can delay
the healing process.
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In this context an unambiguous communication with
patients is inevitable, but there is a lack of effective sup-
porting methods [16]. Existing aids and strategies to sup-
port communication are perceived as inappropriate [1].
Communication between patients and health profession-
als is inevitable to support recovering physical and psy-
chological capabilities and must be established as early as
possible. Currently, decisions made by caregivers do not
exactly match with patients’ actual needs [30]. Literature
shows coherences between positive communicative activi-
ties with ventilated patients and improved patient-related
outcomes [25]. Lacking communication ability leads to
an increased risk of poorer treatment, which reinforces
the need for augmentative and alternative communica-
tion (AAC) [15]. However, existing devices have shown the
necessity to distinguish between high- and low technol-
ogy AAC in practice. Low-tech AAC devices do not con-
sider the holistic impact of impairments of patients in in-
tensive care units which makes their usage inappropri-
ate [8].

High-tech AAC devices, on the other hand, provide
a very complex and potentially expensive solution tai-
lored to very specific needs. This could introduce a steep
learning curve for the operation, both for the healthcare
provider’s staff as well as the patients. In addition, neither
low-tech nor high-tech devices usually support a compre-
hensive integration into the already existing technical in-
frastructure at the premise without dedicated software de-
velopment or sometimes even hardware adjustments.

In the last decades, information and communication
technology (ICT) underwent a rapid evolution. Ongoing
miniaturization of microelectronics allows for an inte-
gration of ICT components into almost any daily object.
Whereas the integration into (smart) phones and (smart)
watches have already produced wide-spread portable
computer systems to interact with, a plethora of further
smart mobile and wearable devices is in development and
soon will be used in hospital settings as well (e. g., smart
glasses or smart textiles). Equipped with sensors to detect
the current state of the environment and the (inter-)action
of users as well as wireless networks to connect with each
other in the Internet of Things (IoT), these device ensem-
bles can soon assist caregivers tasks and patients‘ needs
in a holistic ambient interaction space.

In contrast to using only specialized interaction de-
vices (micro adaptation / one-size-fits-all), our approach
of dynamically integrating interaction devices into adap-
tive interaction ensembles (see [3]) will allow future smart
hospital environments for supporting individualized ser-
vices (macro adaptation / come-as-you-are) to their stake-
holders depending on user abilities and task context.
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In the BMBF project ACTIVATE, we develop an ambi-
ent interaction space for intensive care, consisting of adap-
tive interaction ensembles and ambient displays to sup-
port communication, (re-)orientation and control in inten-
sive care. In principle, our system architecture supports
the integration of any (wireless) interaction device (e. g.,
eye-scanner or camera-based gesture detection). For ex-
ample, healthcare staff could use touch-enabled mobile
devices or speech recognition for interacting with the sys-
tem. The ACTIVATE platform supports automatic ensem-
ble creation on the fly triggered by the user or based on
context decisions in-situ.

Since patients bound to the bed are not able to use
traditional interaction devices like keyboard/mouse and
common alternatives like gesture and speech control effi-
ciently, dedicated support for in-bed interaction becomes
necessary. Unfortunately, we were not able to identify any
appropriate device in our state of the art analysis (see Sec-
tion 2) and therefore further aim at developing a novel de-
vice for this special usage context.

BIRDY (Ball-shaped Interactive Rehabilitation Device)
isintended to be used with the hand while lying in bed and
consequently not posing strong or special restrictions on
the context of use. Since balls have the affordance to play
or interact with them, we consequently chose a spherical
shape to stimulate users exploring possible interactions
with the device and the connected system. In principle,
BIRDY is intended to act as a gesture detection device for
the graphical system offering pre-defined and typical ser-
vices of intensive care units (e. g., service requests, infor-
mation needs, room controls).

A possible setup for the system can be seen in Fig-
ure 1. In this example, a patient is using BIRDY to commu-
nicate his pain to the nurse. She receives the message on
her smartphone supporting her in preparation of medica-
tion. This may reduce walking distances and save time.

In this article, we present key requirements for the
novel interaction device BIRDY, which are relevant to the
interaction itself. Based on the taxonomy of Altakrouri [2]
of basic input tasks in ambient spaces (i. e. selection, po-
sition, orientation, path, modification, semiotic), we re-
strict the scope of BIRDY gestures to selection commands
of predefined menu elements. This avoids overwhelming
and unnecessary complex operation for the weaning pa-
tient and still offers complete control and personalisation,
e. g., by selecting letters on a virtual keyboard to phrase
personal requests not included in the offered services. The
requirements for ball-shaped selection gestures were gath-
ered in a human-centered design (HCD) approach includ-
ing two studies, several workshops and a comprehensive
user and context analysis. In the following, our applied
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Figure 1: A possible scenario of our system where a patient interacts with it using BIRDY. This image was drawn by Kai Simons.

methods and resulting insights are described. Especially,
consequences for the hardware aspects relevant for the in-
teraction were identified and addressed, namely look and
feel, sensors, and actuators.

2 Related Work

Various work on novel interaction devices has been done
in the past. Yet, there is only limited work targeting the
support of communication in intensive care with a spe-
cialized device, particularly during the weaning phase. Re-
cently, several requirements for such systems were pre-
sented [13]. Based on the results, a controller similar to
a joystick was developed [14]. Its design is focused on
domain-specific communication needs such as suitable
content, infection control, simple design and capitaliza-
tion of motor movements easily performable by ICU pa-
tients. Furthermore, the device is adaptable to the pa-
tients’ physical deficits and impairments and provides
feedback based on a vibration motor. The work is early-
stage research and only few information has been pub-
lished up to now. Furthermore, the interaction with it is
only roughly comparable to those with our planned ball-
shaped interaction device. Nevertheless, the work pro-
vides valuable insights relevant to the ICU setting.

First workshops with domain experts showed that an
interaction device used by ICU patients to communicate
their basic needs should be controlled haptically with the

hand since tactile feedback is the first given by weaning
patients awakening from the sedation. Therefore and due
to cost, complexity, the time required for calibration, and
more complex interaction patterns, gaze control systems
as well as tablet-based solutions and brain-computer inter-
faces, although successfully tested on the ICU [9, 27, 21, 12],
are not further taken into account.

The ball-shape was a consensus in our first workshops
where we discussed the need for a novel interaction de-
vice and how it should be designed. Thus, we further re-
viewed the state of the art of ball-shaped interaction de-
vices to take insights from these into account. It should
be noted that all these devices are not suitable for the ICU
context mainly due to the sanitary regulations or the fact
that they do not address the limited cognitive and physio-
logical abilities of ICU patients.

Several ball-shaped interaction devices were already
described. They are typically designed to control a tra-
ditional desktop computer. For instance, the Roly-Poly
Mouse (RPM) was inspired by a roly-poly toy, which is
keeping its position despite having a round bottom [26].
RPM combines the advantages of a standard mouse and 3D
devices by allowing translation, roll, and rotation. How-
ever, RPM does not provide any actuators making the RPM
lacking feedback for the users.

Another comparable device is PALLA, a spherical in-
put device that also provides simple feedback [34]. It is
designed for games and leisure activities and is equipped
with a set of sensors and actuators allowing a user and en-
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vironmental input (e. g., device motion, mechanical stim-
uli or changes in external conditions) as well as feedback
based on its LED and vibration motor. Due to its robust-
ness, users may interact with it carefreely. Neither RPM nor
PALLA is squeezable.

Another interesting approach is the mid-air pointing
device SOAP [5] shaped similar to a piece of soap. It con-
sists of a wireless optical sensor core of a computer mouse
moving freely in a hull of elastic fabric. Applying pres-
sure to the hull makes the core evade the pressure and
start rotating. The motion between the hull and the core
is captured by the optical sensor. Beneath joystick inter-
action SOAP also supports both clutching and infinite mo-
tion (e. g., for scrolling through large lists) called belt and
soap interaction. It has been successfully tested in differ-
ent scenarios like desktop interactions, gaming and as a
presenter. The device is squeezable and mouse clicks can
be performed, nevertheless it does not provide any inte-
grated actuators.

Qoom is an interactive omnidirectional ball display
using a foam rubber ball consisting of a sensor module,
electrodes for touch sensing and a display [24]. By hav-
ing roughly the size of a handball, it is too large for one-
handed interaction in bed. Furthermore, it does not pro-
vide further actuators.

Some other similar, partially spherical, interaction de-
vices are TDome [29], combining a semi-spherical shape
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with a touch display, Mouse 2.0 [35], a mouse enriched
with multi-touch sensing on a hemispherical surface, and
Globefish [11], an embedded 3-DOF trackball in an elastic
frame.

Recently, the development of the iché ball has started
[31]. The motivation behind ichd is to support dementia pa-
tients. The iché ball detects input gestures and provides
feedback using light, sound, and vibration. In contrast to
our work, the focus of iché is rather on mental disabilities
with normal hand operation in daily life settings.

Since none of the above approaches fulfills all the spe-
cial requirements of the given context of use, we aimed to
develop a device tailored to it.

3 Method — Human-Centered
Design

One major aspect of the interaction device will be the ac-
ceptance of potential users, namely patients and the nurs-
ing staff. Towards this end, considering their needs al-
ready in the development process and focusing on the
interaction device’s usability are crucial factors. Conse-
quently, the development is based on the HCD process for
interactive systems as specified in ISO 9241-210 (see Fig-
ure 2).

Specify the usage
requirements

Figure 2: Human-Centered Design process following DIN EN 1SO 9241-210 [18].
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An important part of the HCD process is understand-
ing and specifying the context of use and the users’ needs
and requirements. Based on these requirements, design
solutions are developed and formatively evaluated. Once
they meet the requirements in a summative evaluation, the
process cycle ends.

In the case of BIRDY, the requirement specification
was realized using five partially parallel sub-processes.
Besides requirements relevant to human-computer inter-
action, additional technical requirements (among oth-
ers regarding battery, energy consumption, wireless com-
munication and charging) were collected. However, these
additional requirements are not discussed in this arti-
cle.

Performed sub-processes are a user and context anal-
ysis (including literature research, qualitative interview
studies as well as the construction of personas and prob-
lem scenarios) and a requirements analysis including user
preference studies, and workshops with stakeholders to
discuss insights, identify potential interactions and de-
rive concrete requirements. These sub-processes, their
methods, and results are described in the following sec-
tions.

3.1 User and Context Analysis

For a better understanding of the user groups, their needs,
and the context of use, we conducted a user and context
analysis.

3.1.1 Literature Research

As a first step towards an analysis, a comprehensive liter-
ature search was done to identify similar work in the field
and key findings from these. The search was focused on
socio-technical systems to support communication in in-
tensive care, especially the need for AAC in this context.
Results show a demand for AAC and only limited work on
technical solutions in intensive care (see Section 2). The
patients’ first reaction typically is attempting to commu-
nicate and receive information. Hence, one suggestion is
to help patients ,,develop usable communication methods
in connecting with their surroundings and enabling pa-
tients to express their feelings“ [32, p. 532]. Furthermore,
information on the context was gathered from the litera-
ture. Comprehensive information on context, persons in-
volved and surroundings of ICU is for example given by
Marx et al. [22].
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3.1.2 Individual and Focus Group Interviews

Next, qualitative individual interviews were conducted.
Among 16 patients and 16 relatives, we interviewed 6 mem-
bers of the medical ICU staff of the nearby hospital and
clinical ACTIVATE project partner Universitdtsklinikum
Schleswig-Holstein. Additionally, three focus group inter-
views with 18 members of therapeutic ICU staff were car-
ried out. Besides patients’ needs from their own and
from nursing staff’s perspective, staff’s and relatives’ own
needs were documented. On top, conductive and obstruc-
tive factors for the use of a system to support information,
communication, and control in intensive care were identi-
fied.

3.1.3 Personas and Scenarios

Based on these two steps, our interdisciplinary team
iteratively developed personas to represent the target
user groups. They were derived from the collected data
and carefully modeled according to key characteristics,
namely (un-)planned hospitalization, fitness, medical dis-
cipline, (non-)native speaker and (non-)delirious condi-
tion. Next, we modeled a typical weaning process to later
construct persona-based problem scenarios. In further dis-
cussions, the scenarios were refined multiple times.
Personas and scenarios were designed (see Sec-
tion 4.1) and used successfully for further discussion in our
workshops which are described in the following.

3.2 Requirements Analysis

Following the user and context analysis, we conducted the
requirements analysis to identify requirements not only
based on users and context but also by taking user prefer-
ences, experts, and possible ways to interact with BIRDY
into account.

3.2.1 User Preference Study

An important factor of an interaction device is its look
and feel as well as high usability. Considering our vulner-
able target user group, defining appropriate characteris-
tic attributes is very important and choices must be well-
founded. Thus, we conducted a user study to collect partic-
ipants’ preferences regarding device properties, especially
referring to the optimal size, weight, shape, surface prop-
erties and deformability.
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A two-step process with a preliminary and the main
study was conducted. We acquired 30 commercially avail-
able objects (balls of different size, color, material, weight,
etc.) with various characteristic attributes potentially suit-
able for BIRDY that were tested in the preliminary study
with 12 participants on an exhibition at the health fair
Gesundheit Morgen in Kiel, Germany 2017 Participants
randomly chose objects, tested and finally ranked them,
resulting in a list of preferred objects. Based on these re-
sults and the criteria of the highest variety in the charac-
teristic attributes, a subset of eight objects was determined
for our main study.

For this study, we recruited 40 participants, divided
into two age groups: adults and senior adults (each 20).
The adults were aged from 18 to 40 years (M = 23.45, SD =
3.03) with a gender distribution of 11 females and the se-
nior adults were aged over 58 years (M = 67.25, SD = 6.6)
with a distribution of 12 females. Participants were primar-
ily asked about their object preferences. First, they con-
ducted a pair-wise comparison and then ranked their fa-
vorites regarding predefined characteristics, namely size,
weight, shape, surface properties, and deformability. Fi-
nally, they chose their overall favorite object regardless of
a given characteristic. We documented choice and the un-
derlying reason for all participants. Also, we recorded how
they interacted with their favorite object.

During the study, we created a setting that resembles
realistic conditions in a clinic. Participants wore special
gloves simulating swollen hands (and thereby reduced
hand mobility) and they lied in a hospital bed in a 30°
upper-body position [36].

3.2.2 Interdisciplinary Workshops

The members of our research project work in several differ-
ent disciplines, namely nursing research, hospital IT, hos-
pital nursing, hardware engineering, software engineer-
ing, usability, psychology as well as AAC. All previous re-
sults were discussed and refined in joint workshops to de-
termine concrete requirements for BIRDY. In particular,
personas and scenarios were enhanced and then used for
further considerations finally leading to requirements.
The next step in our process was conducting several
workshops with the stakeholders in our project to define
actual requirements addressing the look and feel, sen-
sors, and actuators of BIRDY. During these workshops, we
shared the results of previous work, clarified unresolved
aspects of the preference studies, and discussed design
options. The scenarios and personas, as well as the re-
sults of the user preference studies, were used to show

DE GRUYTER OLDENBOURG

potential use cases and for the discussion of various con-
cepts.

In total, 20 experts were involved in the workshops.
We conducted one workshop focusing on the application
of the HCD process, four workshops to discuss techni-
cal details, scenarios, and personas, three workshops to
consider preliminary requirements, two workshops to re-
alize safety and security by design, and one workshop
to analyze state of the art devices for AAC. Finally, we
had six telephone conferences to finalize technical details
and requirements with our hardware engineers Cognimed
GmbH, who will develop and build the final product.

3.2.3 Interaction Workshops

We used the results and insights of our user preference
study, more precisely those with regard to the participants’
interaction patterns as a starting point for further research
on possible gestures. In particular, we were looking for
gestures that can be performed with BIRDY and that are
suitable for ICU patients. Hence, following the technical
details, we identified potential gestures and later chose
a subset of the identified gestures to evaluate their suit-
ability with five non-ventilated ICU patients with respect
to medical accesses, the patients’ mobility and the posi-
tion of the device. Besides, we investigated which gestures
could be performed ambidextrously. Next, we discussed
these gestures with our experts in hardware engineering,
software engineering and HCI. For this purpose, we further
conducted workshops focusing on this matter and on the
software specifications of BIRDY, as well as several tele-
phone conferences to discuss the feasibility of identified
gestures based on possible sensors and their respective
data.

4 Results

In this section, we describe results of our subprocesses and
how we used them to specify our requirements.

4.1 User and Context Analysis

The procedure resulted in an elaborated user analysis in-
cluding descriptions of user groups along with their char-
acteristics and personas of different types (primary, nega-
tive, served and customer). Furthermore, a detailed con-
text analysis was done [17]. An organization and a task
analysis gave additional information on the context.
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Several barriers and enablers could be identified.
Here, we focus on those relevant to the interaction with
BIRDY. Besides the required time and expertise for instal-
lation and use, slow system performance was named ob-
structive for a possible application. On the other hand,
intuitive or natural operation, stability, and simple usage
were found constructive.

One key aspect is the intuitiveness since weaning pa-
tients cannot be expected to learn complex interactions.
In fact, we plan to apply the system at an early stage in
the weaning phase. Interaction and its effect must be im-
mediately clear because of the patient’s short awareness
phases. Most of the time, they must be instructed by the
system itself. Furthermore, typical first interactions with
our device must be taken into account within the context
of intensive care. A second key aspect is the usability de-
spite various impairments caused by being bound to the
bed, the medical condition, swollen hands, reduced man-
ual force (due to age and condition), and reduced arm mo-
bility due to invasive accesses. The interaction must not
cause any injuries, requiring the device to be robust, hav-
ing no rough edges and a good weight balance.

This data has been used to design twelve personas rep-
resenting the main ACTIVATE target user groups, namely
patients, therapeutic staff and relatives. Given that, 16 sce-
narios based on those personas were created describing
typical problems of the target groups (deficit in informa-
tion, insufficient communication, missing feedback, del-
egation, etc.) that should be addressed by the ACTIVATE
system.

4.2 Requirements Analysis

The results of our requirements analysis are described in
the following. Apart from the results of our user and con-
text analysis also the results of the user preference study
and our workshops were used to specify requirements for
the BIRDY device.

4.2.1 User Preference Study

After analyzing the gathered data, we got a set of poten-
tial interaction gestures as well as several rankings based
on the pair-wise comparison, preferences regarding fixed
characteristics, and the overall favorite object. In com-
bination with results from other analyses, a comprehen-
sive overview of user preferences on ball-shaped objects is
given. We already published the results of the study [19],
an analysis of the choice of an overall favorite ball-shaped
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object and the underlying reason [7], as well as an analy-
sis of the first impulse in spontaneous interaction with an
overall favorite spherical object [33].

These obtained rankings and known characteristic at-
tributes of the objects were discussed in workshops with
the project’s stakeholders to finally determine the look and
feel requirements for BIRDY. The results of these work-
shops are described in the following.

4.2.2 Interdisciplinary Workshops

Our detailed discussions focused on results of the previ-
ous studies, on different designs and concepts, their fea-
sibility and technical details regarding for example con-
nectivity and wireless charging. After all, we found a con-
sensus among all experts and were able to define techni-
cal details, possible solutions, and designs. Furthermore,
the stakeholders confirmed our design choices. Since the
therapeutical staff wishes to detect movement of the sleep-
ing patients as early as possible, BIRDY should be able to
detect motions and pressure changes. Additionally, move-
ments might be the most obvious interaction patterns,
they also have to be measurable and distinguishable. Key
insights are the confirmation of the spherical shape, sani-
tariness, a translucent and white design, a softness range
and sensors to detect motion and pressure.

We discussed and agreed to provide feedback in dif-
ferent modalities. Vibration might be the most reasonable
one for direct feedback on recognized interaction gestures.
Visual feedback - especially colorful light — might be help-
ful to support calibrating or pairing. Hence, to recognize
colorful lights the outer shell must be translucent. Acous-
tic feedback could be used for warnings, potentially about
a low battery level or critical issues.

The next step was identifying and discussing appro-
priate BIRDY interaction gestures to specify requirements
how they could be detected.

4.2.3 Interaction Workshops

The interaction workshops led to an identification of pos-
sible gestures that may be used to perform a Selection in-
put task (as defined in [2]). Next, we grouped the gestures
into two subcategories, namely navigation and selection
gestures (performing a discrete action, e. g. confirming a
choice). As a result of our interaction workshops, we de-
cided to rely only on basic interactions to avoid complex
input tasks that would not reflect the cognitive and physi-
cal skills of ICU patients. Additional factors that led to our



74 — B.Kordts et al., Requirements and Interaction Patterns for a Novel Interaction Device

Figure 3: The identified gesture set consisting of navigation (a—f)
and selection (g-1) gestures. They include turning (counter-)clock-
wise (a), tilting (b), touching or pressing and holding (c), rolling on a
surface (d), pushing or moving (e), mid-air movements (f), pressing
(8), (double) tapping or clicking (h, i), knocking (), lifting (k) and
shaking (1).

decision to rely only on this category (and these subcat-
egories) are hardware limitations (device’s size, weight)
and the cost per device.

The identified navigation gestures are turning
(counter-)clockwise, tilting (in the four directions forward,
backward, left and right), touching or pressing and hold-
ing (until the desired element is focused), rolling on a sur-
face (e. g. clockwise on a circle), pushing or moving, and
mid-air movements (in the four directions up, down, left
and right). For the selection category, pressing, (double)
tapping or clicking, knocking (on the surface), lifting, as
well as shaking were identified. They are displayed in Fig-
ure 3. It should be noted that mid-air gestures may cause
arm fatigue and should generally only be used sparsely.
They are most likely not suitable for patients in intensive
care. Regarding all other identified gestures, there is no
restriction that would hinder the use.

Patients potentially lacking fine-motor skills should
still be able to use the proposed gestures to interact with
the UI of the ACTIVATE system. Therefore, BIRDY does not
need to allow fine-grained, mouse-like control. In other
contexts, where the users can be expected to have the
skills, a precise control may be required.

The final requirements are described in Section 4.3.

4.3 Requirements

The results of our analysis and specification process are
several requirements concerning the interaction. We iden-
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tified three relevant categories, namely look and feel, sen-
sors, and actuators.

4.3.1 Look and Feel

With BIRDY, we envision an encouraging and carefree na-
ture of the interaction. In particular, we chose to realize a
playful design to stimulate users to explore not only the
device but also the interactive ACTIVATE system. As previ-
ously described, the shape of BIRDY was specified to be
spherical. During the whole analysis phase, it has been
one of the most controversially discussed properties. Also
eligible was an egg-shaped variation, which might sim-
plify identifying the orientation and therefore also sim-
plify wireless charging. Besides, it might decrease the risk
for the device to fall out of the bed. Finally, a decisive fac-
tor towards a spherical shape was its affordance to encour-
age interacting with the device while our experts assumed
that an egg-shaped device would be perceived fragile. Ad-
ditionally, the participants of our study preferred spherical
objects.

Relevant look and feel related characteristics to be
specified for our device were size, weight, surface prop-
erties and deformability. BIRDY was defined to have a di-
ameter of 64 to 90 mm since the favored study objects re-
garding the size had these physical dimensions. Based on
the study results, we specified a weight ranging from 40 to
150 g.

The weight plays a minor role in the planned inter-
actions on a bed surface. However, for potential mid-
air gestures, the weight becomes relevant. In this case,
lower weight means less physical effort while interacting.
Though, a low weight provides little tactile feedback. In
summary, for mid-air gestures, the weight should be close
to the lower bound but not below.

The surface was fixed to have a rough texture in or-
der to be palpable by touch. Deep, detailed textures would
make the device hard to disinfect and thus, would con-
tradict hygiene guidelines. A small number of tiny nubs
could be a pragmatic design on this matter. The majority
of participants preferred objects with rough surfaces. Be-
sides, ICU patients’ medication might cause swollen hands
and decreased tactile perception. Therefore, palpable tac-
tile feedback is chosen, also to encourage interaction. Fur-
thermore, the surface was set to have a high elasticity due
to the decreased gripping force of weakened patients and
the usage on a mattress. The device was determined to
have a translucent and white design to keep the internal
light undistorted but make the internal components invis-
ible.
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4.3.2 Sensors

In our study and our interaction workshops, we observed
turning, tilting and rolling the objects were most often
used for a navigation task. As a consequence, we propose
turning, tilting and rolling interactions with BIRDY on the
mostly planar bed surface or, as observed in study par-
ticipants, on the user’s belly. Additionally, we observed
squeezing, tapping, shaking and lifting the object was pre-
dominantly used to perform a discrete action, e. g. making
a selection or confirming a choice. To enable all these in-
teractions, pressure, orientation, and acceleration sensors
are required and therefore, specified within the require-
ments.

4.3.3 Actuators

Feedback has a major impact on the user experience, espe-
cially when interacting with a physical device. Feedback
for interactions between humans and machines can be
of passive nature or controlled by actuators. Besides pas-
sive feedback based on elasticity and the texture, BIRDY
should provide tactile and visual feedback to encour-
age further interactions. Additionally, acoustic feedback
should be implemented for possible error warnings. Fur-
thermore, to realize the discussed calibration required for
some of the gestures, LEDs need to have a defined posi-
tion and should be placed so they can display the initial
orientation. In summary, BIRDY needs a vibration motor,
several LEDs, and a buzzer.

5 Discussion

In this paper, we presented design choices and concrete re-
quirements for a novel interaction device supporting ICU
patients during the weaning phase. For an actual device
and to evaluate its impact on the target user group, addi-
tional work has to be done.

Results of the qualitative individual interviews and
focus group interviews in terms of possible solutions for
communication barriers show limited imagination of the
participants. Hence, we organized the described work-
shops to propose and discuss solutions by a team of do-
main and engineering experts.

Our user preferences study was limited to acquirable
objects and thus, in particular, the favorite objects were
based on real objects and not based on a combination of
favored attributes. Yet, the results of our study with con-
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cerning those characteristics also investigated by Perel-
man et al. [26] are comparable to the results of their studies
and informal tests, justifying our approach.

Next, we assessed the gestures’ feasibility with differ-
ent sensors. Turning may be realized using an accelerom-
eter to determine the direction of gravity and a gyroscope
to estimate the angle. For tilting, an orientation of the de-
vice with respect to the user’s hand is required making
this kind of gesture particularly challenging. One possi-
ble approach is to use an inertial measurement unit (IMU)
containing a compass sensor to determine the earth frame
(north and down direction and their cross product) and
calibrating the device using the fixed position of the bed
(assuming it is rarely moved which would necessitate a
re-calibration). The calibration can be realized using LEDs
on the device to display its initial orientation and thereby
record the position of the bed. Touching or pressing and
then holding may be implemented based on a pressure
sensor or an accelerometer detecting the touching. Rolling
on a surface is more complex than turning, but may be im-
plemented referring to the data of an accelerometer and a
gyroscope. The last two navigation gestures are the most
challenging to detect using only sensors in the device and
alsorequire knowledge about the position of the device rel-
ative to the user. They may roughly be detected using the
same approach as described for the tilting and using the
accelerometer to determine movements. For higher preci-
sion, these two gestures necessitate determining the po-
sition relative to the user. Finally, the selection gestures
are easier to detect and may be realized using a pressure
sensor for pressing and an accelerometer for all other se-
lection gestures (using orientation invariant features). In
summary, all proposed gestures may be detected more or
less precisely using an IMU that also contains a compass.
These sensors are sufficient to determine the earth frame
and hence, to provide an orientation of the device relative
to the earth frame.

The key challenge of the gesture recognition using
BIRDY is the identification of the orientation relative to the
user. This is particularly challenging when relying only on
hardware inside the device. One possible approach based
on calibration was already described above. This approach
depends on the magnetometer which may, especially in a
clinic, be distorted resulting in a decreased accuracy. An
evaluation of the actual distortion and the precision must
be conducted to compare the different gestures and to fi-
nally assess their suitability for the ICU situation. Other
approaches to detect the device’s orientation relative to the
user may rely on various sensors. Conceivable are touch
sensors that may be used to identify the orientation of the
user’s hand. This approach was originally planned within
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the project ACTIVATE but was discarded due to technical
challenges and the high cost of such a device. Further-
more, approaches relying on the triangulation of wifi sig-
nals, on radio frequency or on generated magnetic fields
using wireless trackers, and on camera tracking are also
imaginable but have their own downsides.

In the future, we plan to evaluate design choices and
technical details of BIRDY in practice in a field study. How-
ever, the next step is the realization of the device in terms
of hard- and software engineering based on present re-
quirements. Moreover, we will implement the overall sys-
tem based on defined requirements [20] within the scope
of our research project to finally be able to evaluate the ef-
fects of supported communication on weaning patients.

Besides, a validation of our choice regarding the ges-
tural input by evaluating the first impulse in spontaneous
interaction with the actual device is planned. Thereby, we
intend to fix suitable gestures and interaction options for
weaning patients. Furthermore, we plan to evaluate differ-
ent options for social interaction with therapeutic staff as
well as relatives and for the expression of patients’ needs.
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