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Abstract

In healthcare, e cient communication is crucial for delivering proper patient care.
The utilisation of individual communication devices for healthcare workers is grow-
ing more widespread to optimise work ows and address alarm fatigue. With this
change comes challenges, considering the high demand for infection control and the
many hands-on tasks performed by healthcare workers. Touchless interfaces have
emerged as a possible solution to face these challenges. Therefore, the purpose of
this thesis is to answer the following research question: What should be considered
when designing touchless interfaces to support healthcare workers when communi-
cating on a mobile device? To address the research question, a pre-study followed
by an iterative design process was conducted.

Five separate visits to hospitals took place to observe and identify the unique needs
of healthcare workers and the problems they face. These visits resulted in 12 prob-
lem areas exemplifying areas where touchless interfaces could be bene cial. Sub-
sequently, requirements were formulated based on the pre-study and user studies,
indicating what should be considered when designing touchless interfaces. Through
the requirements, it became evident that eye tracking was not a suitable option for
healthcare workers. However, both voice user interface and gesture-based interface
emerged as viable alternatives. Two prototypes were developed to exemplify dif-
ferent approaches to implementing the requirements. The prototypes Myco Mini
and Myco Main are two compact devices that assist healthcare workers in various
situations by enabling interactions using a voice user interface and a gesture-based
interface. The evaluation of the prototypes showed that the voice user interface was
more approved, both in terms of its ease of use and social acceptance. Therefore, ad-
ditional studies are needed to research gesture-based interfaces before implementing
them for communication purposes in healthcare environments.

Keywords: Interaction design, touchless interfaces, voice user interface,
gesture-based interface, healthcare
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Glossary

Alert - An audible or visual signal in hospitals, for example, indicating when a
patient needs immediate assistance from healthcare workers. (Swedish: Kallelse)

Emergency department - Hospital department providing immediate medical care
for urgent conditions. There are emergency departments that specialise in speci ¢

elds. For example, gynaecological emergency departments specialise in the care
of women’s reproductive organs, and pediatric emergency departments specialise in
the care of children. (Swedish: Akutmottagning)

Infection department - Hospital department focused on preventing, diagnosing,
and treating infectious diseases. (Swedish: Infektionsavdelning)

Intensive care unit - Specialised unit for critically ill patients with close monitoring
and care. There are specialised intensive care units. One example is neuro intensive
care units, which provide care to patients who have su ered from acute diseases and
injuries related to the nervous system. (Swedish: Intensivv rdsavdelning)

Medical department - Hospital department for admitted patients where they
diagnose and treat diseases in internal organs. (Swedish: Medicinavdelning)

Neonatal department - Hospital department specialising in care for newborn
infants. (Swedish: Neonatalavdelning)

Practical nurse - A healthcare worker who assists nurses and doctors with patient
care tasks such as taking vital signs, administering medications, and helping patients
with daily activities and personal hygiene. (Swedish: Undersk terska)

Speciality residents - Doctors who are undergoing advanced training in a speci ¢
medical speciality, such as anaesthesia or surgery. (Swedish: ST-I kare)

Telemetry - The remote monitoring of a patient’s vital signs and medical data
using telecommunication technology. (Swedish: Telemetri)

Xiii
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Introduction

This master’s thesis addresses the challenges healthcare workers face when con-
ventional mobile devices, such as phones and pagers, prove impractical. Touchless
interfaces are explored as possible solutions for these challenges. Touchless interac-
tion requires no physical contact between the user and any component of an arti cial
system (de la Barr@ et al., 2009). There are several types of touchless interfaces,
such as voice control, gesture tracking and eye tracking (Igbal & Campbell, 2021).

This thesis is in collaboration with the company Ascom, and they formulated the
initial track of the project. Ascom globally supplies the healthcare industry with
information and communication technologies and mobile work ow solutions (Ascom,
n.d.-a). One of Ascom’s product categories is mobile devices, and they provide
feature phones (non-smartphones), pagers and smartphones (Ascom, n.d.-f). There
are many bene ts of mobile communication devices in a hospital environment. For
example, they enable communication on the go, and they can direct information to
the intended recipients instead of distributing it to the entire department. However,
their current form makes it impractical to access the device in some situations,
such as when performing tasks that require both hands. Furthermore, healthcare
workers carry out many unclean tasks which complicates the interaction with the
mobile devices. The most common transmission of pathogens is contact transmission
by hand (V rdgivarguiden, 2024), and the phone can become a source of bacteria
if not appropriately sterilised (Foong et al., 2015). According to Pillet et al. (2016)
mobile phones can also carry viruses, and therefore, good hand hygiene and frequent
cleaning of the phone is recommended to minimise the spread.

In this project, user studies will be performed to identify situations where touchless
interfaces could support healthcare workers. The hospital context brings several
challenges that the project needs to address. For example, hygiene routines and
social acceptance need to be considered. The rst chapter of this report establishes
a foundation for the research and contains the research question, aim, deliverables,
delimitations, and ethical considerations.

1.1 AIm

This thesis aims to research and identify areas where conventional mobile com-
munication devices can be complemented with alternative, touchless interfaces in
time-sensitive hospital environments. These interfaces should improve e ciency for

1



1. Introduction

nurses while communicating and accessing information from the device. The ndings
from this research will support the development of prototypes.

1.2 Deliverables

The deliverables of this master thesis are the following:
Problem areas of identi ed situations within hospital departments that could
bene t from touchless interfaces.
Requirements that support the integration of touchless interfaces within at
least one of the problem areas.
Prototypes utilising touchless interfaces that meet the formulated require-
ments.

1.3 Research question

For this master thesis, the following research question was formulated:

What should be considered when designing touchless interfaces to
support healthcare workers when communicating on a mobile device?

1.4 Delimitations

All user studies will be executed in Sweden; consequently, the ndings may not
apply to healthcare in other countries. Additionally, observations and interviews
will be conducted in close vicinity to Gothenburg. The user studies will primarily
take place in high-paced hospital departments due to the assumed high demands
on the communication systems. Examples of such departments are intensive care
and emergency units. The studied users are nurses and doctors working in these
environments; no patients will be interviewed. The technologies considered for the
prototypes should be currently available and established, avoiding futuristic and
theoretical ideas.

1.5 Ethical considerations

There are ethical aspects that need to be considered during the project. Firstly,
the user studies will take place in hospitals where patients may be in vulnerable
positions. Therefore, patients will only be observed from afar, and no patients will
be approached during the hospital visits. The lack of patient perspectives may result
in a gap in the insights received from the research, which can a ect how well a nal
product could be integrated into a real hospital setting. Con dentiality agreements
will be signed, to reassure the parties involved that no sensitive patient information
will be disclosed.



1. Introduction

Secondly, the primary studied users are nurses and doctors at hospitals, and all
participants will be informed of the purpose of the study before participating. Ad-
ditionally, all interviews and observations will follow GDPR, the participants will
be informed that the data will be anonymised, and all potential recordings will be
deleted at the end of the project. They also have the right to withdraw at any
point. Since healthcare workers often work under signi cant time constraints, the
observations will be conducted to minimally disrupt their responsibilities.

Finally, should Ascom decide to implement the ndings derived from this thesis and
integrate them into future products, it could a ect the work of healthcare workers.
Therefore, the quality of care will be in uenced, emphasising our responsibility not
to negatively impact patient care or disadvantage any individuals in the healthcare
system.
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Background

This chapter provides a background to the research area. It includes a description
of the company Ascom with a selection of their current products and an explanation
of the research problem this thesis will tackle. Related work will also be covered in
this chapter.

2.1 Ascom

This project is done in collaboration with the company Ascom, which provides
information and communication technologies for healthcare and mobile work ow
solutions globally (Ascom, n.d.-a). Their target group is users working in highly
mobile and time-sensitive environments who demand near real-time solutions. Be-
sides healthcare, Ascom targets multiple types of organisations and industries, such
as hospitality, retail, manufacturing and high-security establishments (Ascom, n.d.-

e).

This master thesis is limited to the healthcare industry, and Ascom provides both
software and hardware solutions for hospital environments. Their portfolio of mo-
bile devices includes smartphones, pagers and cordless phones (Ascom, n.d.-f), see
Figure 2.1. Their devices have several features that make them suitable for hos-
pital environments. Their latest smartphone model, Myco 4, has a tough chassis
and screen, and can be cleaned and disinfected (Ascom, n.d.-b). Its battery has
a hot-swap procedure, which allows swapping the battery without the smartphone
shutting down.

Ascom’s software products are developed to be used speci cally with Ascom hard-
ware, but they can also be combined with third-party devices (Ascom, n.d.-c), such
as iPhones. One of their software products is called Ascom Unite, which is a work-

ow orchestration platform (Ascom, n.d.-d). Ascom Unite uses events and data
from source systems to orchestrate these as alerts, chats and tasks. In the software,
recipients of an alert can be assigned, and the recipients can be arranged in a pri-
oritisation list. If a primary recipient rejects the alert or does not reply within a
prede ned time limit, the alert is automatically redirected to the secondary recipi-
ent. Not letting everyone get all alerts decreases the sensory load on sta , and the
environment becomes calmer.
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Figure 2.1: An Ascom smartphone, DECT phone and pager. Mobilenheter f r
v rden [Image], by Ascom (n.d.-g)*.

According to a clinical consultant at Ascom, Ascom products can be found in most
Swedish hospitals. However, only two hospital organisations are working with Ascom
smartphones; the other organisations are using other types of mobile devices. The
most common Ascom product in Sweden is a bedside call module that patients and
healthcare workers use to call for help. A typical scenario in Swedish hospitals is
that a patient calls for help by pressing a button on the bedside call module, which
creates an event that Ascom Unite registers. This event is treated like an alert that
is sent to the prede ned primary recipient. The recipient can either accept or reject
the alert, and the accept-action signi es that they will go and check on the patient.
An alert can only be turned o in the patient’s room by pressing a button on the
bedside call module.

Ascom’s existing products utilise interfaces dependent on physical contact between
the user and the device. The Research and Development (R&D) department at
Ascom Sweden formulated the initial track of this master thesis, and they believed
there were potential bene ts of integrating touchless interfaces into their products.

2.2 Research problem

In recent years, the integration of smartphones into healthcare environments has
brought many advantages. By using Ascom products, healthcare workers can ac-
cess near real-time patient information at all times. Additionally, smartphones can
work as a communication tool within the workforce, improving communication and

Lhttps://www.ascom.com/globalassets/assets/global/gmc/healthcare-2021/phone_collection
-copy.png?width=640&format=webp
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information exchange between co-workers (Fiorinelli et al., 2021). Despite the many
advantages, there are disadvantages worth considering. The use of smartphones in
healthcare can pose a distraction and lead to errors, compromising patient safety
(Fiorinelli et al., 2021). Additionally, this limits the workers’ ability to engage and
connect with their patients.

Ascom stated that there are situations where the use of phones is impractical, namely
when wearing protective clothing or, in other ways, being physically constrained.
According to Cronin and Doherty (2018), there is a need for touchless control in
hands-busy settings at hospitals, such as when holding tools or handling patients.
In a situation where an alert goes o on a device using Ascom’s system and the
worker is occupied with other tasks, the alert will continue to sound for a prede ned
time or until the worker is available to turn it o . Continuous and repetitive alerts
are common in hospital settings and can result in alarm fatigue in the workers
(Jones, 2014). This overwhelming feeling can make it more likely for the workers to
ignore the alerts and have trouble distinguishing between them.

Cronin and Doherty (2018) also found sterility as a motivation for integrating touch-
less control. A study (Foong et al., 2015) examining 226 mobile phones belonging
to healthcare workers during a twelve-month period found that 74% of these devices
were contaminated with bacteria. A part of the bacteria was potentially pathogenic,
and this nding highlights the potential risk of pathogen transmission through these
devices. Pillet et al. (2016) state a strong correlation between the use of phones and
the presence of viruses in hospitals. To address this issue, they recommend frequent
handwashing and regular sterilisation of phones.

There may be situations in hospital environments where an alternative solution
to conventional phones is more suitable. A solution that enables the workers to
interact with a device without needing to physically touch it. Therefore, this thesis
will explore this topic and focus on examining problem areas where the phone can
be complemented by a touchless interface to better t the workers’ needs.

2.3 Related work

Related work will be covered in this section, including information about touchless
interfaces in both hospitals and other industries. The aim is to show how others
have tackled problems similar to those previously mentioned and the opportunities
that exist.

2.3.1 Touchless interfaces in healthcare

The use of touchless interfaces in hospitals is not a completely unexplored area.
There are situations where they are used to make tasks easier and more e cient for
the workers. As stated in a literature review on touchless modalities in hospitals
by de Camargo et al. (2021), the most common departments for these technologies
were physical therapy, surgery and radiology. Microsoft Kinect and Leap Motion

7



2. Background

were the most used touchless technologies in these departments. Kinect is a line
of motion sensing input devices controlled by gestures and spoken commands that
was originally released for the XBOX 360 gaming console (Hsu et al., 2017, p. 12).
The Leap Motion controller by Ultraleap is a hand-tracking device that enables
the user to interact with the system without the need for touchscreens or wearables
(Ultraleap, n.d.-d). Both of these sensors for gesture-based interfaces have been used
in surgery as a tool to interact and manipulate medical images without breaking the
sterile environment (de Camargo et al., 2021).

HoloLens 2 is a mixed reality headset by Microsoft that incorporates several dif-
ferent touchless tracking systems (Microsoft, n.d.-a). Mixed reality is the meeting
between real and virtual environments (Milgram & Kishino, 1994). HoloLens 2
features hand tracking without the need for external controllers, enabling users to
manipulate holograms with natural movements. Additionally, it incorporates eye
tracking technology that adjusts the holograms based on the user’s gaze direction.
In situations where the hands are occupied, the headset can also be controlled with
voice commands. It utilises spatial mapping to map the environment around the
user and to lock holograms to physical surfaces. This headset is applied across
di erent industries, including healthcare, and is used for activities such as remote
consultation and viewing 3D images.

Another touchless technology emerging in healthcare is Alexa, a cloud-based voice
service developed by Amazon (Amazon, n.d.-b). According to (Espinoza-Hernkndez
et al., 2023), Alexa is used in healthcare for various reasons, including answering
questions, alerting about critical health statuses, making video calls and taking
on small tasks. Additionally, mobile devices with integrated touchless interfaces are
available, with Vocera being one example. Vocera are hands-free communication de-
vices that help healthcare workers communicate using voice control (Stryker, 2023).
It ensures that workers can quickly access help in emergencies, and it is also possible
to use the devices under protective equipment to reduce contamination risks.

2.3.2 Touchless interfaces in other contexts

One example of a widely adopted voice user interface in households is the previously
discussed voice assistant Alexa. Alexa serves multiple purposes, including controlling
lights and televisions (Amazon, n.d.-d), o ering hands-free voice and video calls
(Amazon, n.d.-a) and keeping users updated on the latest news (Amazon, n.d.-
¢). Other similar digital voice assistants are Siri by Apple and Google Assistant.
Another example of a touchless interface is Google’s Camera Switches. Google allows
users to control their smartphones using facial gestures (Google Help, n.d.). This
is used by having the phone securely mounted and the camera directed towards the
user’s face. It is possible for the user to record their own gestures to use as shortcuts
for quickly accessing frequently used functions or commands.

A newly released device that incorporates touchless functionalities is Ai Pin by

8



2. Background

Humane (Humane, n.d.). This wearable screenless device is pinned to the user’s
sweater or other clothes and is an alternative to conventional smartphones. It is
controlled with the use of touch, voice and gestures and to interact with it, the user
starts by touching a touchpad on the device. It can be used as a virtual assistant
and can answer questions, take pictures, send messages and comment on items held
in front of it. The user’s hand operates as a display using the Laser Ink Display

on the device. Information such as the time, weather and music is projected onto
the palm, and the interface can be maneuvered by tilting the hand and moving the

ngers.

Another device that recently became available is Apple Vision Pro, a mixed reality
headset that extends the interface to the space around the user (Apple, n.d.). It
is controlled by the user’s eyes, hands and voice. With Vision Pro, it is possible
to view the information normally viewed on a screen in a new format while still
staying aware of the world around. It can be used instead of a computer screen or
smartphone to, for instance, view movies, make video calls or browse the web.

The previously mentioned devices HoloLens 2 by Microsoft and Leap Motion by
Ultraleap, serve multiple industries beyond just healthcare (Microsoft, n.d.-b) (Ul-
traleap, n.d.-d). The headset HoloLens 2 is incorporated into manufacturing, engi-
neering and construction industries to increase e ciency (Microsoft, n.d.-b). Addi-
tionally, it is used in education to show complex systems. Ultraleap (n.d.-d), the
creator of Leap Motion, describes the hand tracking device as universally accessible:
designed for anyone and anywhere. The compact and adaptable device can be at-
tached to VR headsets, computers, or other digital interfaces. The touchless software
can be used in various contexts, such as museums (Ultraleap, n.d.-e), quick-service
restaurants and retail (Ultraleap, n.d.-b) to enhance user experience and promote
hygiene. It can also be used for training purposes to simulate a speci ¢ scenario
(Ultraleap, n.d.-c) and in VR arcades (Ultraleap, n.d.-a). Another virtual reality
headset with similar applications is Meta Quest Pro (Meta, n.d.).

Touchless interfaces can be found in the automotive industry. BMW has a feature
that lets users operate functions by making hand gestures in front of a display
located under the rear mirror (BMW, 2019). For example, they can change the
volume and accept a phone call. Furthermore, Jaguar has developed a feature where
users can open and close the tailgate by performing a kick gesture under the rear
bumpers (Jaguar, 2018). Another touchless approach in cars is voice control, and
Mercedes-Benz has in a beta-version integrated ChatGPT into their voice assistant
(Mercedes-Benz Group, 2022). The integration intends to expand the tasks the voice
assistant can respond to and make users experience a more natural dialogue.
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Theory

This chapter includes theory about common touchless interfaces and their advan-
tages and disadvantages compared to conventional touch user interfaces. Haptic
and multimodal interfaces will also be covered. Moreover, the term usability will be
described.

3.1 Touchless interfaces

This section exempli es touchless interfaces. These can also be described as natural
user interfaces, which enable users to intuitively and naturally interact with a system
using body movements, gestures and voice (Hsu et al., 2017, p. 10).

3.1.1 \oice user interface

Voice user interfaces (VUI) are interactive systems that utilise speech recognition
technology to enable users to input commands and communicate with a device
solely through spoken language (Hsu et al., 2017, p. 10). The system interprets
the commands, making it possible to interact without using both hands and eyes
(Interaction Design Foundation, 2016). A speci ¢ type of VUI is auditory interface,
in which not only input but also output solely consists of sounds (Cohen et al., 2004,
p. 6). The user inputs speech and the system outputs speech and other nonverbal
audio such as music, background sounds and earcons. Earcons are auditory icons
whose purpose is to convey speci ¢ messages.

A notable advantage of VUI is the hands-free capability. In situations where the
user is physically occupied, it is more practical to speak rather than interact with a
screen (Pearl, 2016, pp. 3-4). Speech is also a quick and e cient way of conveying
time-sensitive information. In addition, VUI:s are intuitive since they can be used
by anyone capable of speaking, without the need for a complex interface. However,
when considering using a VUI, it is important to be aware of the disadvantages.
Using them in public spaces may not always be suitable, both considering privacy
reasons and the potential for unintended disruptions (Pearl, 2016, p. 5). Concerns
can arise not only for the privacy of what the users are saying but also fear regarding
the disclosure of sensitive information by the system.

According to Easwara Moorthy and Vu (2014), the social acceptability of using VUI
varies depending on the situation and the information being exchanged. Their study

11



3. Theory

investigated voice-activated personal assistance in smartphones and compared the
exchange of private and non-private information in a home and a restaurant location.
The ndings showed that the users preferred the VVUI for non-private information in
a home setting. In public spaces among strangers, the users found it inappropriate
to display personal information. Voice user interfaces can also be challenging to
use in noisy situations since the surrounding sounds can interfere with the sounds
interpreted (de Camargo et al., 2021). In these situations, subvocal recognition is
an option. This system uses external sensors placed on the user’s throat to capture
nerve signals when a person silently or aloud articulates words (Yonck, 2010). The
technology can be utilised in noisy environments and situations requiring silence.

Utilising auditory interfaces, where both input and output are managed through
sound, presents its own set of challenges. The system’s output is transient, pre-
venting users from accessing information at their preferred pace (Cohen et al., 2004,
p. 6). Once the sound is emitted, it is no longer available for the user, compared
to a screen where information can stay longer. Because of this, the output places a
heavy cognitive load on the user, particularly on their memory.

3.1.2 Gesture-based interface

Gesture-based interfaces rely on movements from the user as their source of input.
The user interacts with the interface by moving their hands, head or other body
parts and these gestures are captured and organised into a sequence of commands
(Hsu et al., 2017, pp. 10-11). A speci ¢ type of gesture-based interface is touchless
gesture interface, which operates without the need for physical touch. Touchscreens
is an example of a gesture-based interface, but is not a touchless gesture interface.
Since gestures are a communication form that humans use naturally with each other,
this type of interface can be intuitive. However, this is only true as long as the
gestures are simple and not too numerous. Gestures can be challenging for the user
if they are complex, physically challenging or hard to remember (Vatavu, 2023).
Furthermore, interacting with screenless interfaces by using gestures can result in
a lack of appropriate feedback (Rise & Alsos, 2020). According to Rempel et al.
(2014), gestures used in sign language for letters and numbers are distinct and easy
to recall, and image capture recognises them more easily. Therefore, these can be
considered in the design of gestures for HCI. Moreover, the authors claim that sign
language interpreters can advise which hand gestures are comfortable due to their
extensive experience.

The healthcare domain is one area that could bene t from the use of gesture-based
interfaces since it can ensure a sterile environment and focused attention (Wachs
et al., 2018), as well as assist workers when traditional interfaces may prove insuf-

cient (Rise & Alsos, 2020). Depending on the type of gesture, the technique can
be more or less socially acceptable to use. Montero et al. (2010) divided gestures
into four categories to study the social acceptance of gestures based on what the
user thinks about the interaction and how the observer perceives it. The categories
used in the study were originally proposed by Reeves et al. (2005) to describe di er-
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ent approaches to designing public interfaces, and these were secretive, expressive,
magical and suspenseful interactions. These categories di er based on whether the
manipulation and e ect of the interaction are revealed to or concealed from the ob-
server, and this is illustrated in Figure 3.1. In the study by Montero et al. (2010),
it was established that suspenseful gestures, where the gesture is obvious but the
e ect is not, were the least socially acceptable. The other three categories were
equally accepted. These results show that the use of both small and hidden gestures
and large and obvious gestures can be accepted, depending on whether the e ect is
clearly distinguishable or not to the public.
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Figure 3.1: A visualisation of di erent approaches to designing public interfaces.

3.1.3 Eye tracking Systems

Eye tracking is a technology that monitors the movement and position of the user’s
eyes to identify their focus and attention (Punde et al., 2017). There are two general
types of eye trackers, one of which is remote eye trackers. These trackers use screens,
cameras or sensors that are placed in a limited area and detect eye movements. The
other type is mobile eye trackers which are placed near the eyes of the user and
allow them to move around without restrictions.

Using the eye as an input device is faster than the more conventional method of
using a mouse to interact with computer systems (Sibert & Jacob, 2000). This
approach also proves to be a practical solution in situations where the hands of the
user are occupied. Despite these advantages, this technique can present challenges
since eye movements often are unconscious and the system needs to di erentiate
between intentional and unintentional viewing (Majaranta & Bulling, 2014). If the
eye tracking device is worn on the head and covers the eyes, it can also a ect the
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healthcare worker’s ability to maintain eye contact with their patients. Eye contact
is important during communication to fully understand the intention and message
being conveyed (Davidhizar, 1992). The lack of eye contact can be perceived as
being disinterested and uncaring.

3.2 Haptic interface

Haptic interfaces mediate communication between humans and machines by touch
(Hayward et al., 2004). To provide information, haptic interfaces produce mechan-
ical stimuli that a ect the human’s perception of touch and proprioception. Pro-
prioception refers to a human’s ability to perceive body position, movement and
weight. Vibrotactile sensation is a term for perceiving vibrating objects in contact
with the skin. According to Schneider et al. (2017), vibrotactile feedback is the
most common haptic technology and can be found in smartphones. Usually, haptic
feedback is most e ective in combination with other modalities (MacLean, 2000),
and haptic interfaces can be helpful when other modalities are overloaded (Osvalder
& Ulfvengren, 2015, p. 369). The resolution of the haptic modality is relatively low,
leading to few values that can be clearly distinguished from each other (Hoggan,
2013).

3.3 Multimodal interface

A system quali es as a multimodal interface if it incorporates two or more input
modalities, like voice and gestures, along with multimedia outputs (Oviatt, 2007,
pp. 414-418). These interfaces have many advantages compared to single modality
interfaces. They can be used by a wide range of users and in scenarios where one
input mode is unavailable, allowing users to switch to alternative input methods.
Furthermore, the interfaces tend to be easier to learn and use, resulting in users
preferring them in various situations.

3.4 Usability

The International Organization for Standardization (2018) de nes usability as: the
extent to which a system, product or service can be used by speci ed users to achieve
speci ed goals with e ectiveness, e ciency, and satisfaction in a speci ed context
of use (ISO 9241-210, section 3.13). E ectiveness can be described as the degree
to which the user’s goal can be achieved, and e ciency refers to how much e ort is
needed to achieve the goal (Jordan, 1998, pp. 5-7). Satisfaction is more subjective
than the other two aspects and can be harder to measure. It includes how well
the product meets the user’s needs and expectations in terms of cognitive, physical,
and emotional aspects (International Organization for Standardization, 2018, 1SO
9241-210, section 3.10). According to Nielsen (2012), usability refers to how easy
an interface is to use, while utility refers to the functionality of the design. The
two attributes combined determine the usefulness of an interface. Jordan (1998,
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pp. 25-38) listed ten principles of usable design that are associated with usability,
and they are described below:

Consistency
Similar tasks within the product should be performed similarly.

Compatibility
How tasks are accomplished should correspond to the user’s expectations based on
their experience with other products.

Consideration of user resources
The interaction should consider the demands placed on the user’s cognitive and
physical resources.

Feedback
Any actions performed by the user should be acknowledged, and information about
the results of the actions should be provided.

Error prevention and recovery
Minimise the likelihood of user errors, and if an error occurs, provide easy and
quick recovery.

User control
Give the users as much control as possible over the actions taken by the product
and the state the product is in.

Visual clarity
Information should be displayed for easy and fast access without causing any con-
fusion.

Prioritisation of functionality and information
The most essential functionality and information should be easily accessible.

Appropriate transfer of technology
Apply appropriate technology developed in other contexts to enhance the usability
of a product.

Explicitness
Provide cues for the product’s functionality and method of operation.
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Methodology

This chapter starts by explaining the concepts of Research through Design and
wicked problems. Then, it describes design methods, which are organised in the
stages of the iterative process of Design thinking.

4.1 Research through Design

Methods and processes of design practice can be applied to produce new knowledge
through an approach called Research through Design, abbreviated RtD (Zimmer-
man & Forlizzi, 2014). While commercial design practice aims to make a successful
commercial product, a valuable outcome of RtD can be a more comprehensive un-
derstanding of a challenging problem. Furthermore, RtD is more well-documented
than design practice. Except for RtD, there is also Research for design and Research
into design, and it was Frayling (1993) who suggested the three categories of design
as research: Research into art and design, Research for art and design, and Research
through art and design. He argued that research is essential for the teaching and
practice of design and art. Research for design aims to improve the practice of de-
sign, while Research into design includes research on the human activity of design
(Zimmerman & Forlizzi, 2014).

4.2 Wicked problems

According to Churchman (1967), Rittel described wicked problems as "class of social
system problems which are ill-formulated, where the information is confusing, where
there are many clients and decision makers with con icting values, and where the
rami cations in the whole system are thoroughly confusing (p. B-141). Rittel and
Webber (1973) compared wicked problems to problems in natural sciences, which
they call tame problems. Unlike wicked problems, tame problems are de nable, have
an enumerable set of solutions, and the correctness of the solution is assessable. They
also listed the properties of a wicked problem, including that it is unique, can be
described rst after solutions are developed, has no stopping rule, and has no true
or false answers. Buchanan (1992) argues that designers have to handle wicked
problems since they conceive and plan what has not yet been created. Moreover, he
suggests a non-linear design thinking model as an appropriate approach to wicked
problems due to the lack of de nitive conditions and limits.
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4.3 Design thinking

Design thinking is a human-centred and iterative process used to gain insights into
user experiences, de ne problems and discover opportunities that can lead to inno-
vative solutions (Interaction Design Foundation, 2016). Stanford University’s Hasso
Plattner Institute of Design suggests the following ve stages for a design thinking
process: Empathise, De ne, ldeate, Prototype and Test. See Figure 4.1 for an illus-
tration of the design process. These stages are not always done in a straightforward
sequence but instead partially executed simultaneously and repeated as the need
arises. This section explains the ve stages and methods that can be conducted

during each of them.
S ' 4
0 Wl

IDEATE PROTOTYPE TEST

Figure 4.1: lllustration of a Design thinking process.

4.3.1 Empathise

During the Empathise stage of the design process, the goal is to understand the users
and their decisions, needs and thoughts within the design context (Hasso Plattner
Institute of Design, n.d.). To be able to solve a design problem, it is important to
empathise with the intended user and not focus on one’s own opinions. Interviews,
focus groups and observations can be performed to enhance the understanding of
the users. Before conducting user studies, the participants should be informed about
their rights, the purpose of the data gathering, and how the collected data will be
used and stored (Sharp et al., 2019, p. 262). In addition to these methods that
involve users, data can be gathered from literature and by analysing the current
market.

Pilot study

A pilot study can be carried out to ascertain that the planned method is applicable
before starting the main study (Sharp et al., 2019, p. 265). A pilot study serves as a
small test run of the main study, where potential issues can be found and adjusted
beforehand. Participants in the pilot study should not participate in the main study
since their knowledge can distort the results.

Interviews
One common data gathering method is interviews, which can be categorised into
three types: unstructured, semi-structured and structured (Sharp et al., 2019, pp.
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268-304). What an interview is classi ed as depends on how much control the in-
terviewer has over the interview process. The most controlled type is structured
interviews, where the interviewer follows a preplanned set of questions. Structured
interviews often consist of closed-ended questions, which implies that the intervie-
wee chooses an answer from a predetermined set of alternatives. On the other end
of the spectrum, there are unstructured interviews. These are more similar to a
conversation and explore a subject more in-depth. For unstructured interviews,
open-ended questions are suitable which have no speci ¢ format or predetermined
answers. Semi-structured interviews are a combination of structured and unstruc-
tured interviews. The interviewee should follow a guide with preplanned questions
to ensure the same topics are included in all interviews.

Interviews can also be conducted in groups, and one form of group interview is focus
group (Sharp et al., 2019, pp. 271-272). Usually, three to ten people participate, and
the selection of participants should re ect the target group. The session is guided
by a facilitator, who should follow a predetermined agenda. Besides guiding the
discussion, the facilitator is responsible for letting every participant have their say.
If the focus group is successful, the participants can help each other recall situations,
and hence a participant can sometimes share more experiences than in a one-to-one
interview (Unger & Chandler, 2012). However, the group setting can also lead to
exaggerated statements.

Observations
Observations in the intended context are useful for gathering data that might be dif-
cult to obtain from conversations with the user (Hasso Plattner Institute of Design,
n.d.). For example, explaining accurately how you perform a task can be challeng-
ing (Sharp et al., 2019, p. 288). There are several approaches to conducting an
observation. An observation can either be direct or indirect, depending on whether
the investigator is the one watching and recording the activities on the spot or not
(Bernard, 2011). Observations can take place in the eld where the users perform
their daily tasks, or they can take place in a controlled environment where the users
perform speci ed tasks (Sharp et al., 2019, pp. 287-289). Before conducting an ob-
servation, it is recommended to make a framework for structuring and focusing the
observation.

Literature reviews
In a literature review, information from published sources is gathered to lay a founda-
tion for the current project (Hanington & Martin, 2019, pp. 148-149). The selected
sources should be relevant to the project, and they can be organised by topic to
structure the review.

Benchmarking

Benchmarking is a process of evaluating and comparing the achievements of a com-
pany’s products and work with those of its competitors (Fridley et al., 1997). A
benchmark helps the company to make knowledgeable decisions. The process starts
by determining what to benchmark and selecting comparative companies. Data will
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then be collected from the companies and later analysed to understand the di er-
ences and opportunities. The ndings can later be implemented in the company.

4.3.2 De ne

The aim of the De ne stage is to draw conclusions from the data gathered in the
Empathise stage (Hasso Plattner Institute of Design, n.d.). The purpose is to clarify
and de ne the scope of design possibilities and limitations, setting the direction for
the following work and making it possible to tackle a meaningful challenge. The
design space is de ned by nding patterns in the gathered data and drawing con-
clusions. In this section, the methods a nity diagram, Hierarchical Task Analysis,
requirements, persona, and scenario will be presented.

A nity diagram
The purpose of an a nity diagram is to examine data and identify themes (Sharp
et al., 2019, p. 324) and to help designers base their solutions on data (Hanington
& Martin, 2019, p. 12). The building blocks of an a nity diagram are insights
written on notes (Sharp et al., 2019, p. 324). Each note is compared to the others to
nd similarities, and notes with a common theme are clustered. A nity diagrams
can also be used to analyse data from usability testing, and by colour-coding each
participant, recurring problems can be identi ed (Hanington & Martin, 2019, p. 12).

Hierarchical Task Analysis

To thoroughly describe how a task is performed, a Hierarchical Task Analysis (HTA)
can be conducted (Stanton et al., 2017, pp. 40-44). An HTA is based on collected
data regarding the task, including data about the steps, the human-machine inter-
action and how decisions are made. The elements of a HTA are organised hierar-
chically, and the overall goal of the task should be placed at the top. This goal is
decomposed into several subgoals, which in turn can be broken down into meaning-
ful subgoals. The subgoals at the bottom have associated operations, which are the
actions the agent needs to perform to reach the subgoals. The HTA also contains
plans that describe how the subgoals are reached. For example, a plan can say if
a step depends on another step, in which order the steps should be performed or
if a step should be repeated until a criterion is reached. One disadvantage of the
method is that it requires much time and e ort for large and complex tasks.

Requirements

A requirement speci es the functionality or performance of an intended product,
and capturing requirements is important for de ning the product (Sharp et al., 2019,
pp. 385-417 & p. 19). The formulation of requirements can be based on the results
from data gathering methods, such as interviews, observations and questionnaires.
Requirements can be categorised into di erent types, and below are six types of
requirements:

Functional requirements - Specify what the product will do.
Data requirements - Specify characteristics of the required data that the prod-
uct will handle.
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Environmental requirements - Specify the operational environment in terms
of physical, social, organisational and technical aspects.

User characteristics - Specify the attributes of the user group.

Usability goals - Specify usability criteria regarding e ciency, e ectiveness,
safety, utility, learnability and memorability.

User experience goals - Specify the nature of the user experience.

Persona & scenario

Two methods often used together that help to bring requirements to life are persona
and scenario (Sharp et al., 2019, p. 403). Personas describe typical users of the
developed product extensively and help to communicate user characteristics and
goals within the design team (Cooper, 1999, as cited in Sharp et al., 2019, p. 403).
Personas are based on real users who participated in the data gathering and describe
the user’s behaviour, attitudes, activities and environment. Additionally, it includes
the user’s goals relating to the design inquiry. A persona is seldom longer than one
page, including a name and an image of the person (Hanington & Martin, 2019,
p. 170).

Carroll (1997) de nes scenarios as narrative descriptions of what people do and
experience when using the product under development. A scenario is built around
a user’s perspective and includes descriptions of the actions taken, the intention of
these actions and the outcomes in terms of the user’s motivations and expectations.
Scenarios concretise the use and, thus, help developers to create results that support
human activities.

4.3.3 ldeate

After de ning the design space in the previous stage, the next stage is Ideate. The
goal of this stage is to generate solutions for the identi ed problems by combining
rational and imaginary ideas (Hasso Plattner Institute of Design, n.d.). Evaluating
the ideas should be avoided during the ideation process to not hinder creativity and
imagination. The purpose is not to immediately pinpoint an optimal solution but
rather to generate a wide range of ideas that later, through user testing, can result
in a suitable solution. There are several di erent methods for ideation, including
brainstorming, brainwriting, braindrawing, SCAMPER and Six thinking hats.

Brainstorming, brainwriting & braindrawing

According to Wilson (2013), brainstorming is a method that can be used for many
purposes, for example, to generate ideas, to nd solutions to problems and to explore
new design spaces. In brainstorming, participants shout out ideas on a prede ned
topic as quickly as possible. Quantity is prioritised higher than quality, and many
generated ideas characterise a successful session. Wilson also mentions the methods
brainwiriting and braindrawing as alternatives to brainstorming. In brainwriting,
participants write down their ideas within a time limit and then pass them to another
participant, who should continue elaborating on them (Brahm & Kleiner, 1996).
Braindrawing also includes participants passing their ideas to each other, but the
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ideas are sketched instead of written down (Wilson, 2013).

SCAMPER

Ideas from earlier ideation sessions can be further developed using SCAMPER (Wik-
berg Nilsson et al., 2017, pp. 132-133). In this method, the same questions are asked
for each idea, and Dam and Teo (2024) describe the questions as follows:

Substitute - What can be substituted in the idea?

Combine - What can be combined to enhance synergy?

Adapt - What parts of the idea can be adapted to solve the problem?
Modify, Magnify, Minify - What in the idea can be modi ed or emphasised to
a lesser or greater extent?

Put to another use - How can the idea be used elsewhere?

Eliminate - What can be eliminated or reduced in the idea?

Rearrange - How can the idea be reordered or reversed?

There are guiding subquestions available for each question to facilitate the process.

Six thinking hats

Six thinking hats is a method that helps a team to separate thinking into six distinct
functions (The de Bono Group, n.d.). The functions are represented by one hat each
that is mentally worn, and de Bono (2017) describes the hats as follows:

The White Hat focuses on objective facts.

The Black Hat highlights the weaknesses of an idea.

The Yellow Hat brings up the positive aspects of an idea.
The Red Hat provides an emotional perspective.

The Green Hat is creative and proposes new ideas.

The Blue Hat ensures that the method is carried out right.

This method helps to systematically re ect on issues, decisions and opportunities
(The de Bono Group, n.d.). Furthermore, it can be conducted to generate more and
better ideas.

4.3.4 Prototype

After ideation, one typically moves on to the Prototype stage. In the early stages,
the prototypes should be quickly created, and later on in the process, they should
be more detailed (Hasso Plattner Institute of Design, n.d.). Sharp et al. (2019,
pp. 422-428) describe prototypes as manifestations of ideas. They allow designers
to communicate their ideas, both within the design team and to other stakeholders,
and to explore their suitability. Prototypes can be discussed in terms of delity,
where the higher delity a prototype has, the closer it is to the nal product.

Low- delity prototyping

To explore ideas early in the development, low- delity prototypes are suitable since
they are simple, quick and cheap to produce and modify (Sharp et al., 2019, pp. 426-
428). Low- delity prototypes do not have the same functionality and look as the nal
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product. One type of low- delity prototyping is storyboarding. In a storyboard, a
series of sketches or scenes are used to show how a user could perform a task using
the product. Wizard of Oz is another low- delity prototyping method that is useful
for software-based prototypes. In Wizard of Oz, the software-dependent response is
simulated by a human.

High- delity prototyping
Compared to low- delity prototypes, high- delity prototypes have more functional-
ity and a closer visual resemblance to the nal product (Sharp et al., 2019, pp. 428-
429). Existing hardware and software components can be integrated to create high-
delity prototypes. A high- delity prototype can also exist in digital form, for
example, as a computer-aided design model (Hanington & Martin, 2019, p. 176).
Users can evaluate high- delity prototypes to provide feedback on aesthetics, form,
interaction and usability.

4.3.5 Test

The Test stage is executed after de ning a problem and creating prototypes by
letting stakeholders interact and give input on the developed product or concept
(Hasso Plattner Institute of Design, n.d.). The purpose is to nd opportunities for
improvement and to re ne the solutions, but also to learn more about the user. In
this section, the methods of Pugh matrix, opportunistic evaluation, heuristic evalua-
tion and usability testing are described. Data gathering methods, such as interviews,
observations, and questionnaires, can also be used for evaluation purposes (Sharp
et al., 2019, p. 520).

Pugh matrix
To compare design ideas and evaluate which best meets the de ned criteria, a Pugh
matrix can be utilised (Cervone, 2009). This method ensures that the opinions
remain objective and that the result stays consistent. The process starts by listing
design ideas in the matrix’s rst column and the criteria across the matrix’s rst
row. One idea is selected to be the baseline, and all other ideas will be compared
against it. Based on the comparisons to the baseline a + (better), - (worse), or
S (same) is recorded against each criteria. The total score for each idea is then
calculated by adding up the pluses and minuses, and the higher the score the better
the result. The ideas with the worst results will be eliminated, resulting in one or a
few optimal ideas.

Opportunistic evaluation

In the early stages of the design process, opportunistic evaluation can be executed
in order to receive knowledge and input on a design idea (Sharp et al., 2019, p. 507).
These evaluations are often informal and done by asking questions to the users
about their opinions and receiving their feedback. By conducting this type of early
evaluation, it is still possible to easily improve the design before investing too much
time. Additionally, it clari es if it is worth proceeding with an idea and creating
prototypes with higher delity.
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Heuristic evaluation

Heuristic evaluation is an inspection method that aims to identify problems in an
interface (Sharp et al., 2019, pp. 549-552). It can be conducted together with an
expert, which is someone who possesses knowledge about interaction design and
the users’ needs and behaviour. In a heuristic evaluation, an interface is evaluated
against heuristics, which is a set of guidelines, and the evaluators list design aspects
that do not follow these (Moran & Gordon, 2023). Which set of heuristics to use
depends on what is to be assessed. People tend to identify di erent problems,
and thus, it is bene cial to involve several evaluators (Nielsen, 1994). A heuristic
evaluation can be made early in the development (Nielsen & Molich, 1990).

Usability testing

Usability testing is a method for identifying issues and possible improvements in a
design and understanding the intended user’s preferences (Moran, 2019). The user
performs prede ned tasks, and performance measures are collected, such as the time
it takes to complete a task (Sharp et al., 2019, pp. 517 & 524-525). Think aloud is
a common approach during usability testing, which implies that the participants are
encouraged to say what they are thinking and doing out loud. To gather information
on the user’s impression of the interaction, a user satisfaction questionnaire and
interview can follow. Similar to user studies, the participants should be informed
before the test starts about how the test will be conducted and how the data will
be collected and used. Moreover, they should be informed about their rights, and
one common right is the right to withdraw from the study.
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Planning

This project starts in mid-January and will proceed until early June, and its Gantt
schedule can be seen in Figure 5.1. The problem this project addresses can be
considered wicked since its formulation is not de nitive and will be more de ned as
the project progresses. It will be tackled by conducting an iterative Design thinking
process, and the intention is to carry out the ve stages described in Section 4.3:
Empathise, De ne, Ideate, Prototype and Test. Meetings are planned every other
week with the supervisor and every week with the mentors at Ascom. These meetings
are an opportunity to receive continuous feedback and to discuss how the work could
proceed.

The rst four weeks of the project are primarily dedicated to writing the planning
report. Simultaneously, a pre-study will be conducted, including a literature review
of touchless interfaces and a benchmarking of products using touchless interfaces.
The Empathise stage will start in the middle of February and continue until the
middle of March. This stage will be emphasised greatly due to the complex use
context involving several actors performing critical tasks. Moreover, the users are
experts with knowledge and experiences that people in general don’t possess. Several
hospital departments will be visited to gain an understanding of this unfamiliar area,
and the focus of the visits is to study the interaction between healthcare workers
and communication devices.

The De ne stage will start with structuring all gathered data to identify problem ar-
eas that could bene t from touchless interfaces. In mid-March, the plan is to choose
one of the problem areas to centre the subsequent stages around. Requirements for
this problem area will be written and complemented with a persona and a scenario
to concretise the user group and situation. When the problem area is outlined, the
Ideate stage can start by performing one or more ideation methods. The ideas need
to be evaluated and reduced in number before proceeding to the Prototype stage,
which will start at the beginning of April. The selected ideas will in uence the se-
lection of prototyping methods, although they will likely be low- delity prototyping
methods because of the time constraint. This stage will be shortly followed by the
Test stage to receive early feedback on the prototypes.

Due to the iterative nature of the design process, several methods will be revisited
during the project. For example, complementary data gathering will be needed to

Il gaps of knowledge discovered later in the project, and insights from evaluations
will support the making of new, better prototypes. The intention is to write the
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master thesis report continuously during the project. However, in May, the main
focus will be completing the report. The goal is to nalise the master thesis in June.

JANUARY FEBRUARY MARCH APRIL JUNE

Planning report 15 Jan - 9 Feb
Pre-study 15 Jan - End Feb
Empathise Mid Feb - Mid Mar

Define Start Mar - End Mar
Ideate Mid Mar - End Mar
Prototype End Mar - Mid Apr

Test End Mar - Start May

Report writing Mid Feb - End May

Presentation End May - Start Jun

Figure 5.1: The project represented in a Gantt chart.
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Execution

This chapter chronologically presents the execution of the thesis project and starts by
describing the pre-study. Subsequently, it covers the design process, which followed
the stages of Design thinking. For every stage, the execution and results of the
applied methods are described. Since Design thinking is an iterative process, some
stages appear more than once. See Figure 6.1 for an illustration of the process.

v~ N\
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PRE-STUDY E A E IDEATE PROTOTYPE TEST

Figure 6.1: lllustration of the process.

6.1 Pre-study

The pre-study consisted of a literature review and a benchmarking. It was an
opportunity to gather knowledge about touchless interfaces and how they are utilised
today, Ascom’s product portfolio and previous work related to this project.

6.1.1 Literature review

A literature review was conducted on touchless, haptic and multimodal interfaces,
which provided knowledge of what they imply, their bene ts and drawbacks, and
the social aspects when using them. The studied touchless interfaces included eye
tracking, voice user interfaces and gesture-based interfaces. These ndings were
supposed to support the upcoming solution development and evaluation, and they
can be found in Section 3. In addition, literature on touchless interfaces in healthcare
was studied, and these ndings are presented in Section 2.3.1. This review aimed to
gain insight into what has been investigated prior to this thesis and what conclusions
others have drawn.
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6.1.2 Benchmarking

To gain inspiration on how touchless technologies can be applied, a benchmarking
of products utilising this was carried out. The benchmarking was not limited to
solutions within healthcare but also those utilised in other industries, such as the
automotive industry. Examples of studied products include Vocera, Humane Ai Pin,
Leap Motion and HoloLens 2. The ndings from the benchmarking can be seen in
section 2.3.

Familiarising ourselves with Ascom’s products was also crucial for this project. A
clinical consultant at Ascom held a demo of their product portfolio, showcasing some
of their hardware and software solutions. The primary focus was to demonstrate
how Unite, the system where alert chains can be created and executed, worked. In
the demo, the alerts were sent to the users’ smartphones, where they could decide
whether to reject or con rm an alert. By attending this demo, an understanding was
gained of how the products are supposed to be used. This knowledge was important
since the intended use does not always correspond with how users actually use them.

6.2 Empathise

During this stage, user studies were performed to investigate whether healthcare
could bene t from touchless interfaces and, in that case, in which situations. In
addition, the user studies aimed to collect data on what to consider when integrating
touchless interfaces in a hospital environment. Firstly, a pilot study was conducted,
followed by interviews and observations at hospital visits and an interview with a
nurse. A focus group was not conducted because it would have been challenging for
the visited departments to spare several healthcare workers simultaneously without
a ecting patient safety. Another alternative would have been to nd healthcare
people willing to participate in the study in their spare time, which would also have
been di cult.

6.2.1 Pilot study

Before the visits to the hospital departments were conducted, an observation guide
and interview questions were prepared. A pilot study including two interviews was
conducted to assess the suitability of the interview questions. Two recently gradu-
ated doctors were interviewed over the phone, one at a time. Before the interviews,
they were informed that the gathered data would be used for this master’s the-
sis and that they could withdraw from the interviews. All the interview questions
were asked, and the answers were written down along with re ections about the
questions. The most signi cant nding of this study was that the alert and com-
munication setup at hospitals often di er from the setup Ascom explained during
the demo. In the demo, alerts were managed through an individual alert system
on smartphones. The participants said that Ascom’s DECT phones are used for
almost all communication, and that was also common in their previous occupations
at other hospitals. This information prepared us for the fact that many hospitals
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may not have transitioned to newer technology.

6.2.2 Interviews & observations

Five hospital departments were visited during this stage. The mentors at Ascom
proposed intensive care, emergency, infection, and neonatal departments as potential
interesting places to visit due to their high pace and need for sterility. Departments
were contacted by mailing contact persons on hospitals’ information pages, which
resulted in three visits to di erent emergency departments and one to a neurolog-
ical intensive care unit. After the rst visits, we realised it would be interesting
to visit one more department with inpatients. Therefore, a medical department
was contacted via Ascom. This department was also interesting since they used
smartphones for handling alerts, which di ered from the other departments that
used DECT phones and collective alert systems. In addition to the hospital visits,
a nurse who worked at another medical department was interviewed.

Before the visits, an information sheet was emailed to the contact persons to be
handed out to the personnel. It included the title of the project, the research ques-
tion, the goal of the project, the purpose of the visits, and what their participation
implied. Four out of ve visits began with changing into scrubs (medical uniforms)
to blend in better during any patient meetings. During the fth visit, no patient
meetings were attended; thus, no scrubs were needed. At the hospital departments,
direct observations were made of how the communication and alert systems were
set up and how the healthcare workers interacted with di erent devices. Since all
the interviewees were working, most interview questions were asked on the go when
appropriate. Observations and interview answers were recorded in a notebook, and
the notes were transcribed to a text document after the visits. The hospitals have
photo restrictions, and hence, no photos were taken. Below is a summary of a more
extensive logbook containing insights gathered from each visit and the interview
with the nurse.

Emergency department

A visit to an emergency department was conducted to assess their use of and de-
mand for communication devices. During this visit, interviews were held with one
practical nurse responsible for managing external and internal communication, two
doctors specialised in emergency care and two nurses. Explanations of the di erent
professions can be found in the Glossary. Additionally, the practical nurse and one
of the nurses were observed during their work, and a general observation of the
department was conducted. The department was equipped with an alert system
linked to each patient room, with the alert information displayed in the corridors.
See Figure 6.2 for an illustration of a hospital corridor. The nurses and the practical
nurses collectively managed these alerts. Due to this system, the work environment
was noisy, and continuous beeping sounds were in the corridors. Despite this, several
workers preferred collective responsibility over a system involving individual alert
units. They believed they had clear procedures for managing the alerts and found
the information easily accessible. Only workers with speci c leadership responsibili-
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ties and doctors carried DECT phones during their shifts; the rest did not have their
own units. Since the doctors’ expertise is sometimes needed in other departments,
it was highly prioritised to answer calls in all situations. They described scenarios
in which they were unable to answer their phone, needing to either cancel their
current task to answer or rely on someone else to respond on their behalf. During
point-of-care tasks, answering the phone was often inconvenient. In such instances,
someone would respond only to verify the urgency of the matter, and if deemed
non-critical, they would end the call.

Figure 6.2: An illustration of a hospital corridor with an alert system.

Pediatric emergency department

During the visit to a pediatric department, interviews were held with two speciality
residents, one nurse with extra responsibilities and one doctor with extra respon-
sibilities. A general observation of the work environment was carried out, which
focused on shadowing the interviewed nurse throughout her work assignments. The
department primarily used DECT phones, and its di erent teams had one phone
each. All doctors and workers with speci c leading roles were equipped with at least
one phone at all times. Similarly to the previously visited emergency department,
alerts of di erent severity levels were managed through a system in the hospital
corridors. Information about the type of alert and room number was shown on wall
and ceiling displays. The interviewees expressed that they had become accustomed
to the frequent sounds in the corridor and seldom re ected on it unless it was an
emergency. The interviews and observations revealed that there was a need to com-
municate via devices simultaneously while performing two-handed tasks. Several of
these tasks involved assisting patients, but also while using a computer, and man-
aging medications. One of the speciality residents had requested a voice-controlled
device worn around the neck for such situations but had not received it.

Gynaecology emergency department

A gynaecology emergency department was also visited. During this visit, multiple
nurses and practical nurses were shadowed and asked questions. One longer inter-
view was held with one of the nurses. This department utilised alert and phone
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call systems similar to those in the previously examined emergency departments.
Many patient meetings in this department touch on sensitive topics; hence, using
phones during these meetings was avoided whenever possible. Occasionally, phones
were left outside patient rooms to avoid disturbances, and nurses often answered
calls on behalf of the doctors during examinations. Each worker in the department
had a personal safety alarm that was supposed to be worn on the clothes and used
in threatening situations. However, most workers did not frequently wear these
wearable devices. They often forgot it or did not feel the need to wear it since the
threatening situations were very rare.

Neurological intensive care unit

A visit was made to a neurological intensive care unit, where the workers and patients
had unique needs compared to the previously observed emergency departments. The
visit involved conducting observations in three rooms, where nurses and practical
nurses monitored and assisted the patients at all times. Collectively, six nurses were
observed. Furthermore, interviews were held with a practical nurse, a nurse, a nurse
with leading responsibilities and an anesthesiology resident. Similar to the previous
observations, this unit had alert systems in the corridors. These alerts sounded in
all rooms, including the patient rooms. Since the patients admitted to this unit need
intensive care, they are monitored intensely. The monitoring of the patient’s vitals
and medication infusion resulted in frequent alert sounds. The interviewed practical
nurse pointed out that the sounds could disturb the patients, especially since they
could experience intense headaches. Each room had a DECT phone, for which the
room team was collectively responsible. All doctors and other workers with special
responsibilities had their own phones.

Following hygiene routines was important in the neurological intensive care unit.
Therefore, they frequently used gloves and aprons when assisting the patients. The
use of these protective equipment a ected their use of communication and monitor-
ing devices. During an observation, one nurse received a phone call while wearing
gloves. To answer, they rst had to interrupt what they were doing, then remove
one glove, pick up the phone and cradle it between the shoulder and ear. At the
same time as they answered the call, they removed the remaining glove. Several
instances of touching displays to turn o monitoring alerts with gloves on were
also observed, even though it does not follow the routines. The inconvenience of
managing alerts and phone calls when wearing protective clothes resulted in the
workers not always adhering to hygiene routines, potentially increasing the risk of
transmission of pathogens between patients.

Medical department

The nal observation of the initial user studies was conducted in a medical depart-
ment. Interviews were held with one nurse and one practical nurse; beyond this,
three additional nurses and three practical nurses were asked questions for further
insights. Each nurse and practical nurse carried their own Ascom smartphone to
manage alerts and phone calls and an additional smartphone that monitored the
patient’s vitals. Furthermore, they had displays in the corridors and lights outside
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each room indicating where an alert had been triggered. Unlike all previously visited
departments, the alerts in the corridors were silent. The only sound caused by an
alert originated from the workers’ smartphones, resulting in a quieter environment.
It was clear that the workers did not use the smartphone’s alert system as intended.
Instead of accepting an alert on the phone, they only viewed the information on
the phone or in the corridor and proceeded to the patient room, where they turned
it o . Similarly, when they could not take on an alert, they did not use the reject
option on the smartphone, causing the phone to continue sounding until someone
else deactivated it at the source. The practical nurse expressed that they did not
fully understand the alert app and were unsure about the outcomes of using these
functions. Others had not formed the habit of using them but thought they should
start since it would ease the work for themselves and their colleagues.

Several workers also described situations where handling the phone was inconvenient,
such as wearing gloves and assisting patients. In these situations, the continuous
sound of the phone could disturb the meeting with the patient. The workers ex-
pressed how patients sometimes commented: Now they want to reach you and

You have a lot to do . All interviewed workers expressed that they thought the
smartphone was too heavy and big and desired a smaller version. When they were
asked about their opinions of carrying an additional device with touchless features,
they were not enthusiastic. This department had previously used an earlier version
of an Ascom smartphone that had a small additional display on the top for easy
information access. They all missed this version and explained that the two main
functions needed on the phone were to manage alerts and phone calls and that other
features were often redundant.

Interview with nurse

A small interview was held with a nurse who shared their experience with commu-
nication devices in their department. They worked in a medical department where
the nurses had their own phones. Each nurse was responsible for six to seven pa-
tients, and all calls regarding their patients were directed to them. According to
the nurse, incoming phone calls could disturb their work, for example, when they
cannot answer a call and the phone keeps ringing. This type of situation can happen
when they have occupied hands or unclean gloves, such as performing a jaw thrust,
inserting a venous catheter, and administrating an injection. During the evening,
night and weekend shifts, one of the nurses needed to carry the department phone
in addition to their own phone. Since phone calls often interfere, the nurses argue
about who should take the department phone. The department utilised an alert
system in the corridor, and the nurse did not nd this system disturbing. However,
they said that reaching the assistance button sometimes can be troublesome when
they have to be close to the patient.

6.3 De ne

The purpose of this stage was to organise, understand and summarise the ndings
from the pre-study and the Empathise stage. It started by making an a nity dia-
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gram, whose results were used to write problem areas and requirements. Thereafter,
two personas and scenarios were created.

6.3.1 A nity diagram

All the gathered data was categorised in an a nity diagram to identify problem
areas that could bene t from touchless interfaces and systematically map the users’
needs. The a nity diagram included data from the visits, the interview and the
literature review, assigning each source a unique colour to track the source of an
insight. After each visit, the insights were written on notes in Figma and organised
in preliminary categories together with the data from previous visits. When the
last insights were assigned a category, the content of each category was revisited.
Several iterations of recategorising resulted in the nal a nity diagram in Figure
6.3, which includes the following categories:

Challenges - This category included identi ed challenges that might bene t
from integrating touchless interfaces. The challenges were divided into sub-
categories, such as Interference with hygiene routines and Hands-occupied in
point-of-care. Examples of insights:
Hard to reach the assistance button when needing to be close to the
patient
Sometimes they let the phone ring if they are wearing gloves and call
back later.
User experience - Several subjects were included in this category, such as Social
aspects, Usability and Work environment. Examples of insights:
You want to touch the mobile phone as little as possible.
Healthcare workers believe that patients sometimes feel guilty when the
phone makes sounds.
Physical aspects - In this category, insights about how the physical design
of the current devices a ects healthcare workers are gathered. Moreover, it
contains insights related to workwear and personal protective equipment. Ex-
amples of insights:
The aprons cover all pockets.
Heavy objects in the pockets of the shirt cause the shirt to move forward
when bending over.
Alarm - This category gathered insights regarding di erent types of alerts
and alarms, including alert systems, monitor systems and emergency alarms.
The insights covered needs, attitudes and functionalities related to the various
kinds of alerts. Examples of insights:
The healthcare workers do not carry the personal safety alarm because
it is seldom used.
Due to the many alerts in the corridor, some are Itered out, increasing
the risk of important alerts being overlooked.
Communication - The insights of this category were related to communication
at the hospital departments, which mainly occurred over phone calls or by
looking up someone. Example of insights:
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To know who is calling, you have to check the screen and usually also
answer.
Calls to the doctor’s phone always need to be answered.

Challenges Physical aspects Communication

Alarms User experience

Figure 6.3: The nal a nity diagram.

6.3.2 Problem areas

The problem areas were formulated by summarising and dividing the key ndings
from the research. Most of these originated from the category Challenges in the
a nity diagram. In total, 12 problem areas were written, and they all had a similar
structure, including a background to the problem, the problem itself, and its e ect.
The content of the problem areas is also alike, and only some factors di erentiate
them from one another. These factors result in di erent circumstances, so it was
important to distinguish them. For example, when a healthcare worker follows
hygiene routines, their hands can be free to interact with a device as long as they do
not touch anything, compared to when their hands are occupied during two-handed
tasks. Moreover, the procedures for handling calls di er from those for handling
alerts. The titles of all problem areas are listed below, and their explanations can
be found in section 7.1.

P1. Following hygiene routines while responding to alerts

P2. Following hygiene routines while managing incoming calls
P3. Following hygiene routines while accessing information
P4. Following hygiene routines while managing telemetry
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P5. Responding to alerts during two-handed, point-of-care tasks

P6. Managing incoming calls during two-handed, point-of-care tasks
P7. Access information during two-handed, point-of-care tasks

P8. Initiate calls during two-handed, point-of-care tasks

P9. Call for assistance while physically restrained

P10. Managing calls during two-handed, non-point-of-care tasks
P11. Work ow deviations when con rming alerts

P12. Work ow deviations when rejecting alerts

The initial intention was to choose one problem area to focus on for the upcoming
work. However, since many of the problem areas were related to each other, it felt
overly restrictive to narrow the focus to just one. The decision was then made to
exclude the problem areas P4 and P10. P4 involved telemetry, which Ascom is not
a provider of and was therefore out of the scope. The choice to exclude P10 was
based on the recognition that addressing the problems in the other problem areas
would also cover those in P10. Furthermore, it was decided to narrow the target
group to nurses and practical nurses, excluding doctors from the main focus. Nurses
and practical nurses face similar problems regarding calls as doctors but also face
additional challenges with alerts. Therefore, solving the nurses’ and practical nurses’
problems will inherently solve the doctors’ problems as well.

6.3.3 Requirements

The formulation of the requirements began by reviewing the data organised in the
a nity diagram. Each note in the a nity diagram was reviewed to ensure all im-
portant information relevant to the selected problem areas was included. The re-
quirements were then categorised into di erent types. As an initial attempt, the
requirements were divided into the types suggested in Section 4.3.2 in the method-
ology chapter. However, new types were created after realising they were not the
most suitable for this project, and the new types are:

Hardware

Social aspects

General functionalities
Alert functionalities
Call functionalities
Usability

These requirements laid the foundation for a new requirement recommending what
types of touchless interaction should be utilised in the solution. It was decided
that voice user interfaces and gesture-based interfaces should be recommended, not
eye tracking systems. Afterwards, the two new types listed below were added, and
these included requirements regarding what to consider when utilising voice user
interfaces and gesture-based interfaces for communication and information devices
in a hospital environment.

Voice user interface
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Gesture-based interface

Eye tracking was not recommended because it con icted with requirements regarding
comfort and the patient’s perception of healthcare workers’ facial expressions. A
more extensive explanation for why eye tracking was excluded can be found in
section 7.2, together with all the requirements.

6.3.4 Persona & scenario

Two personas and scenarios were crafted as the nal step of the De ne stage. These
were derived from the information gathered on the healthcare workers who partici-
pated in the interviews and observations. Since the chosen focus was on nurses and
practical nurses, one persona and scenario were created for each role. The aim was
to aid the upcoming ldeate stage and to ensure a similar understanding of the users
and their behaviours, needs, and challenges was achieved.

'? — ' Persona 1

e Name: Emma
Age: 35
Occupation: Nurse at a medical department

Emma has worked as a nurse for ten years and has been employed at the medical
department for four years. Her daily tasks include assessing patients’ health con-
ditions, administering medications, performing medical procedures and speaking to
patients’ relatives on the phone. In her scrub pockets, the smartphone is accom-
panied by a few pens, a watch, several cheat sheets and an ID card. Every day,
Emma strives to balance being present and engaged during patient meetings while
remaining available for phone calls. She often feels frustrated over the constant
interrupting phone calls, forcing her to start over with her tasks repeatedly.

Scenario 1

Emma walks towards Room 3 in the long hospital corridor. She feels how the
weight of everything in her pockets is dragging her shirt down, and she pulls it up
to its correct position. Today, she works the evening shift and is responsible for yet
another phone along with her assigned work phone. Emma arrives at the room and
greets her patient, who is lying in bed. While telling the patient she will set an
IV with a new medication, she disinfects her hands and puts on gloves. As she is
about to insert the needle in the patient’s skin, one of the phones starts to ring in
her pocket. She sighs quietly, puts the needle down, apologises to the patient, and
quickly removes one glove before reaching for the correct phone in her pocket. She
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fumbles for a second, then picks up the phone and cradles it between her shoulder
and ear as she answers. With her bare hand, she proceeds to remove the other
glove. On the other end of the line is a worried son of one of their other admitted
patients, wondering about his father’s current state of health. She excuses herself
to the patient and walks out of the room to take the call. Right as the man is
expressing his concerns, an alert starts beeping in her ear, and Emma pulls away
from the sudden sound and quickly grabs the phone before it falls from her shoulder
to the ground. She asks the man to repeat what he said and then ensures him that
his father is stable. After the call, she notices someone else has managed the alert
and returns to her patient. She repeats the disinfection of her hands and nally sets
the IV.

Persona 2

Name: Anna-Maria

Age: 50

Occupation: Practical nurse at a medical depart-
ment

One year ago, Anna-Maria started working at the medical department. She has
worked as a practical nurse for 30 years and has experienced many di erent de-
partments throughout the years. During a workday, she assists the patients with
their daily needs, such as personal hygiene and meals, and performs some medical
procedures. For Anna-Maria, it is important that her patients feel at home and seen
during their hospital stay, even on stressful days. Here at the medical department, it
is her rst time using her own device to manage alerts. She appreciates the quieter
environment the devices have resulted in but has not fully built a habit of using
them as intended.

Scenario 2

Beep beep beep , Anna-Maria hears while feeling the familiar vibration in her
pocket. She looks up towards the ceiling, sees that the patient in room 7 is calling
and starts walking towards the room. Actually, she should pick up her smartphone
and con rm the alert to inform that she is responding to it, but since she is already
on her way, she will turn it o in the room instead. The room is at the other
end of the corridor, and the beeping sound starts once again before she enters the
room. She smiles at the patient and asks what she can help with. The patient
says that it looks like his wound dressing has started leaking, and after looking,
Anna-Maria sees that it needs to be changed. To ensure sterility, changing wound
dressing is a long process and involves disinfecting your hands at least six times.
When Anna-Maria removes the old wound dressing, she receives a new alert. She
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pulls the pocket containing the smartphone forward with her pinky nger to get a
glance at the screen, and she thinks she can distinguish the word Room 8, or was it
Room 9? The phone keeps beeping as she continues with the procedure. You have
much to do. , the patient says, and Anna-Maria seems to hear a hint of guilt in his
voice. Maybe it would have been better if she had left the phone outside the room.

6.4 Ildeate

The next step of the project was to make design suggestions for how the requirements
could be implemented. This process began in the Ideate stage, where the methods
of brainwriting, braindrawing and SCAMPER were used. During SCAMPER, it
became evident that many issues had already been thoroughly discussed, allowing
us to proceed to the next stage. Therefore, the method of Six thinking hats was
skipped.

6.4.1 Brainwriting & braindrawing

The rst ideation session was done using the methods of brainwriting and brain-
drawing by writing down and drawing ideas connected to each problem area, one
at a time. Some ideas were easier to explain by writing than drawing, and vice
versa; therefore, combining the methods supported all ideas. Each round started
with three minutes to generate ideas about one problem area on paper individually.
After this, the papers were switched to continue elaborating on the other person’s
ideas for three more minutes. Finally, all ideas were discussed before moving on to
the next problem area. After ideating for all problem areas, the ideas were re ned
by discussing possible improvements and challenges. Each idea was described in
writing and sketched to make it easier for others to understand. Here, aspects such
as size and functionality were decided. A large number of ideas were generated,
and to select which ones to move forward with, the ideas were evaluated against the
requirements. The ideas that did not meet the requirements were eliminated, except
one. This idea utilised eye tracking, which the requirements do not recommend, and
it was kept due to curiosity about the healthcare workers’ opinions about using a
device similar to the current mixed-reality headsets. In total, seven ideas progressed
to the next stage.

6.4.2 SCAMPER

To further elaborate on the ideas and ensure that no improvements were overlooked,
the method of SCAMPER was employed. The intention was to ask and discuss
all questions from SCAMPER for each idea. However, after a few iterations, it
became clear that all these questions had already been discussed during the previous
ideation session. The decision was then made to move on to the next step of the
process. Even though most of the discussion was repetitive, it became even clearer
that feedback is important when interacting with touchless interfaces, such as using
sounds, vibrations and possibly animations.
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6.5 Prototype |

The rst iteration of the Prototype stage was performed to communicate the ideas
from the previous stage, both within the team and with users. During this stage,
di erent types of low- delity prototyping methods were used.

6.5.1 Low- delity prototyping

The purpose of the rst prototypes was to explore the ideas further and, later in the
process, to receive early feedback. Therefore, low- delity prototyping was selected
as an appropriate method. The ideas di ered in their technical feasibility; some
leaned more toward unconventional concepts, while others relied on more common
technology. Consequently, the prototypes showed this diversity. For two of the
seven ideas, digital illustrations and cardboard prototypes were created to provide
an understanding of the dimensions and shapes. For the two most unconventional
ideas, the projecting headphone and smart glasses, images of how they could look
and be utilised were employed. Due to the technical limitations of these ideas,
creating physical prototypes was considered too early at this stage of the process.
The three remaining ideas were communicated by showing illustrations and trying
out similar existing products borrowed from the Ascom o ce. All ideas utilised
both voice control and gesture control.

Wearable with top display and integrated earbud

This wearable device is intended to be worn on the chest pocket (see Figure 6.4 for
illustrations of the device). The user can interact with the device using voice, hand
gestures, and touch. It has a touch-sensitive top display, letting the user quickly
view the active output by tilting their head down. The user can choose to receive
auditory information on command. To support the user in various situations, the
user can choose to receive information through the speaker on the device or by
wearing the integrated earbud. When wearing the earbud, the device automatically
directs all auditory output to it, such as phone calls. This way, sensitive information
can be withheld from the public. Only one earbud is provided to ensure that the
user still remains present with patients and can hear sound from their surroundings.
The earbud needs to t both ears since a user can have hearing de ciencies in one
ear. If the user engages in a phone call using the earbud, a phone icon on the front
of the device will indicate that a call is in progress. When the user does not want to
use the earbud, it will be placed in the dedicated holder on the side of the device,
minimising the risk of it being misplaced and always being within reach. The earbud
is kept in place with magnets and protected by a magnetic cap.
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Clip

Top display

Camera

Phone icon

Earbud case / Speaker

Figure 6.4: Prototypes and illustrations of the wearable with top display and
integrated earbud.

MiniWearable

The MiniWearable is a small and lightweight device attached with a clip to the
neckline of the shirt or to the chest pocket. See Figure 6.5 for an illustration of
the device. It is to be carried together with and connected to a smartphone that
utilises Ascom’s systems. The device is controlled using voice and gestures, and
some frequently used features are also available using buttons. All information from
the device is provided by audio and vibrations. If the user wants to view visual
output, they can access it through the smartphone.

Figure 6.5: Illustrations of the MiniWearable, showing three di erent suggestions
on the physical shape.

40



6. Execution

Wearable with top display and front display

This device is inspired by a previous Ascom device, Myco 2, and has two displays.
It looks like a small version of a smartphone but with an additional small display on
the top of the device. See Figure 6.6 for a visualisation of the prototype. The device
is intended to be carried outside the chest pocket, with the top display visible when
glancing down. When there are pending alerts, they will be displayed on the top
display one at a time, alternating between them. If the user wants to get further
information about the alerts, they can either ask the device to read the information
out loud or view it on the front display. They can access the front display by tilting
the phone upward or by removing it from the chest pocket and holding it in their
hand. The features available on the device are limited to alert management and
phone calls. Besides voice and gesture control, they can also interact with it via the
touchscreen on the front of the device and a few buttons.

[ 101
[ 222
1213

Figure 6.6: Prototypes and illustrations of the wearable with top display and
front display.

Myco 4 with voice control and gesture control

This idea revolved around the already existing device Myco 4 but with the added
utilisation of voice and gesture control. To be able to utilise the gesture control,
the camera on the device needs to be visible. Today, the fabric of the shirt pocket
occasionally covers the camera due to the position of the clip on the device being
too high. The clip needs to be lowered so that the camera sticks out of the pocket.
The images below in Figure 6.7, show a Myco 4 carried in di erent ways.
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Figure 6.7: Images of how Myco 4 can be worn.

Bone conduction headphone

The Bone conduction headphone have the same functionality as the MiniWearable,
but with the additional possibility of receiving all auditory information directly in
your ear instead of on the speaker. The headphone is wrapped around the top of
the user’s ear and transmits sound waves directly to the bones. Therefore, it does
not cover the ear canal. See Figure 6.8 for an illustration of this. Additionally, only
one headphone will be worn. As a result, it is possible to still hear conversations
and be aware of the surroundings. The front of the device features a small indicator
light with a phone icon that is lit during a call. This enables observers to discern
whether the user is engaged in a call or not. When the user interacts with the device
by making gestures, they will be performed with hand movements near the ear.

Figure 6.8: An illustration of the bone conduction headphone.

Projecting headphone

The Projecting headphone is a bone-conduction headphone similar to the previous
idea. On the other hand, this device enables the user to view visual output from
the device by projecting it on the palm of the hand. The device will detect when
their hand is held in a speci ¢ position diagonally below their face, slightly away
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from their body, and project the information on it. The user should then be able to
interact with gestures and voice to change the output. This device could in many
situations be worn independently, without the need for an additional smartphone,
making it a lightweight solution. Figure 6.9 shows an illustration of this prototype.

Figure 6.9: An illustration of the projecting headphone.

Smart glasses

This device is a pair of smart glasses that allows the user to view information in
their eld of view instead of on a screen. On the frames, close to the ears, there
are speakers so that the user can hear auditory information as well. In addition to
gesture and voice control, this device also utilises eye tracking. Below in Figure 6.10
is an illustration of the Smart glasses.

Figure 6.10: An illustration of the smart glasses.
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6.6 Test |

During the rst iteration of the Test stage, healthcare workers participated in an
opportunistic evaluation where they interacted with existing products and the pro-
totypes from the previous stage. This method aimed to gain a deeper insight into
healthcare workers’ thoughts on di erent touchless interfaces and what hardware
they would prefer for a product integrating touchless interfaces. Since users were
available, an opportunistic evaluation was chosen instead of a heuristic evaluation.
The opportunistic evaluation was followed by another evaluation using a Pugh ma-
trix. Lastly, the results of the two evaluations were used to decide which ideas to
continue elaborating on.

6.6.1 Opportunistic evaluation

During a second visit to the medical department, a rst evaluation was conducted
with healthcare workers by letting them express their opinions and thoughts about
the developed prototypes. Two practical nurses and one nurse were interviewed.
In addition to the prototypes, they tried out existing products to experience and
understand functionality that could be utilised in the prototypes. Among these
products were a pair of bone-conduction headphones and a wearable smart assistant
attached to clothes, utilising voice control. Besides these, they interacted with a
Myco 4 smartphone through gestures.

The evaluation began by brie y describing the three existing products and letting
the participants try them out one by one. For the wearable smart assistant, they
were tasked with making a phone call using their voice. With the bone conduction
headphones, they experienced listening to music while maintaining a conversation.
As for the Myco 4, they were instructed to hang the phone on their chest pocket
and pretend to accept an alert by gesturing with a thumbs-up in front of it. After
each test, they were asked about their willingness to integrate the product into their
work routine and its potential impact. After these questions, the evaluation moved
on to the developed prototypes by showing the models and illustrations, explaining
their features and asking for their opinions. At the end of the evaluation, they were
asked to rank the prototypes from their favourite to least favourite for use in work.

Wearable with top display and integrated earbud

The participants viewed illustrations and a cardboard model of the idea during
the evaluation of Wearable with a top display and integrated earbud. The reactions
were mostly positive but with one major drawback: the earbud. They addressed
concerns about sharing an earbud with others and said they would have liked to
have a personal earbud for this wearable. They also said that it would be easy to
drop the earbud and lose it. Besides this, they liked that it was small and easy to
carry with them.

MiniWearable
The participants assessed MiniWearable by viewing illustrations, and their opinions
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about it were positive. They thought the device was convenient and could bene t
them in their work. Before the evaluation, a hypothesis was that this device would
not be as well-received as it was, as previous user studies revealed a reluctance to
carry additional devices. This turned out not to be an issue when asked this time.
This prototype had quite similar expressions and features to the wearable smart
assistant that they were able to try out earlier in the evaluation. They liked how
this product was fastened to the clothes using a silicon strap with a magnet instead
of a plastic clip. The material felt comfortable against the skin and less likely to
break if accidentally dropped. Additionally, they appreciated its compact size and
lightweight.

Wearable with top display and front display

The idea Wearable with top display and front display was presented to the partic-
ipants by showing an illustration and a cardboard model. When summarising the
ranking of the ideas for the three participants, this wearable ended up in the rst
place. The top display on the wearable was something they found appealing. They
were all familiar with the Myco 2 phone, which featured a top display. This prior
experience led them to desire the same feature again, which can be the reason for
its high ranking. They were also positive about its small size and low weight, but
one expressed that it could be slightly bigger. One of them compared it to their
current phone, the Myco 3, which they felt was too large and heavy.

Myco 4 with voice control and gesture control

The participants assessed this idea by viewing illustrations and interacting with the
Myco 4 that registered gestures through the camera. When the participants tried
the gesture-based interaction, it became evident that some challenges were present.
For example, it was not straightforward where the hand needed to be held so the
camera could detect it. The direction of the camera varied depending on how they
positioned the phone on their clothes and whether they were sitting or standing.
Additionally, all participants initially made the gestures too close to the camera,
so it could not detect them. Despite these challenges, they believed that using
gestures could be helpful in certain situations. For example, during conversations, a
gesture can be more convenient than a voice command to avoid interruptions in the
conversation. Concerns were raised about gestures possibly not functioning properly
while wearing an apron and the fabric of the shirt pocket could potentially obstruct
the camera. Other opinions about the phone were that it was large and heavy and
that they would rather use a smaller device.

Bone conduction headphone

This idea was presented to the participants by showing illustrations and letting them
try a pair of bone conduction headphones. The feedback on the bone conduction
headphones was positive and they liked that they could hear their surroundings
simultaneously with the sound from the headphones. All three participants tried on
glasses while wearing the headphones, which did not pose any issues. However, it’s
worth noting that they only tested this setup for a limited time, which may have
a ected their response. Since this device is carried on the ear, it must be comfortable
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and secure. According to the participants, compared to in-ear headphones, these felt
more secure and were perceived as less unhygienic when shared among coworkers.
One participant expressed that it would be great to incorporate voice control in a
headphone. During the evaluation, it was discussed whether the alert sounds should
be played out loud or if only the user would hear them. Both approaches had pros
and cons, so more research would be needed if this idea were further developed.

Projecting headphone

The opinions about the Projecting headphone, presented through illustrations, were
mixed. One participant chose this idea as their favourite and said they would have
taken it immediately. Another participant thought it was too futuristic and that
they would rather have a screen than a projection.

Smart glasses

Similar to the Projecting headphone, this Smart glasses was demonstrated through il-
lustrations. When summarising the participants’ ranking, it was their least favourite.
One expressed concerns about how the patients would perceive it and also questioned
how it would be for those wearing regular glasses. Another participant only shook
their head about the concept. The last one was quite positive, and they thought it
would be cool to use but did not think all patients would accept it.

Summation

The participants ranked the prototypes, which were printed on paper, from most to
least favourite, and the summation of all rankings is listed below. The prototype
Myco 4 with voice control and gesture control was left out of the ranking session by
mistake, probably because there were no printed pictures of this idea. However, since
it utilised the same interactions as the other prototypes but had physical properties
the participants found too large and heavy, one can assume that it would not be
ranked at the top. Before proceeding to the next step, the prototype that performed
the worst, namely the smart glasses, was eliminated.

Wearable with top display and front display
MiniWearable

Projecting headphone

Bone conduction headphone

Wearable with top display and integrated earbud
Smart glasses

ok whE

6.6.2 Pugh matrix

A Pugh matrix was used to evaluate the prototypes further before eliminating any
more. In the matrix, the most important requirements and wishes were selected as
criteria. These can be read below:

The solution should be perceived as lightweight.
The solution should have a high social acceptability.
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The solution should prevent the need for excess devices to handle calls and
alerts.

The system should inform about missed calls when requested.
The solution should be comfortable to use for a full shift.

The solution should not negatively a ect the quality of the patient-healthcare
worker relationship.

The solution should be able to manage alerts and calls that occur simultane-
ously.

The solution should provide an overview of the current situation.
The solution should withstand physical impact.

The solution should not disclose con dential information to unauthorised peo-
ple.
The solution should consider hygienic aspects to ensure that the healthcare

workers feel comfortable sharing it with one another.

Three rounds of the Pugh matrix were conducted. In the initial round, the prototype
that had received the best reviews from the participants was selected as the reference,
which was the Wearable with a top and front display. All other prototypes were
compared to the reference for each criterion. In the second round, the prototype
that had received the second best results in the previous round was chosen as the
reference, namely the Wearable with a top display and integrated earbud. The last
round was conducted only on two prototypes to clarify their di erences since they
received the same score during the evaluation with users and had quite similar
features. The results from each round of the Pugh matrix are shown below in Table
6.1. The prototype that received the lowest number was deemed the most successful,
and the one with the highest number was the least successful.

Wea_rable Wearable My_co 4
with . with
. - with . Bone N
top display Mini voice ) Projecting
top and conduction
and Wearable and headphone
. front headphone
integrated disola gesture
earbud blay control
RO?”d 2 3 1 5 5 4
Rog”d 2 4 1 5 5 3
Rognd N/A 1 N/A | N/A 2 N/A

Table 6.1: Result from the Pugh matrix.
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6.6.3 Result of Test |

With the collective results from the evaluation with potential users and the Pugh
matrix, two ideas were selected for further work. The selected prototypes were
of varying complexity to accommodate the diverse needs of di erent workplaces.
By recognising that the reliance on third-party apps varied between departments,
the decision was made to support this di erence. The necessity of a larger screen to
accommodate the demands of third-party apps con icts with the needs derived from
the user studies to reduce the weight and size of the device. For users who do not
have a signi cant need for third-party apps and want to reduce the size and number
of features on the phone, a replacement smartphone was chosen. This device would
be independent and not rely on other devices to function. It would only include
the most essential features. To support these users, the prototype chosen was the
Wearable with a top and front display. This prototype received the best results
during both evaluations.

For users who regularly need to use a large number of features on the smartphone,
a small additional device that would be carried together with the smartphone was
chosen. This device would reduce the number of interactions needed with the phone
and make their work more e cient in situations where third-party apps would not
be required. The prototype chosen for this was the MiniWearable. This prototype
received the second-highest score during the evaluation with users and relatively
high ratings during the Pugh matrix as well.

6.7 Prototype Il

After deciding to continue with the two ideas Wearable with top display and front
display and MiniWearable, time was spent further developing them. During the
second Prototype stage, they were renamed Myco Main and Myco Mini. High-

delity prototypes were made in the form of images of CAD models and 3D-printed
models. Moreover, the method of Hierarchical Task Analysis was used as a proto-
typing method to discuss and explore interaction ows. Thereafter, storyboarding
was used to explain some of these interaction ows. The results from this stage is
further described in Section 7.3.

6.7.1 High- delity prototyping

With the feedback from the users in mind, the physical shape and look were ex-
plored. Several sketches were made using pen and paper, followed by illustrations
in Figma (see Figure 6.11 and 6.12). Di erent shapes and sizes were also cut out
of paper and placed in their intended positions on a shirt to understand them bet-
ter. After deciding on the dimensions and shapes, 3D models for both devices were
created using the CAD software Autodesk Alias to visualise their designs in greater
detail. Additionally, basic 3D models were generated using another CAD software,
Autodesk Fusion 360, speci cally for the purpose of 3D printing. The models were
3D-printed for the nal evaluation, enabling participants to better understand their
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sizes and dimensions.

Figure 6.11: Illustration of the Mini\Wearable.

Top display IR-sensor

| |

- b Heropnene
Alarm

button Speaker+ __ on/off

Camera

J
B}
i
]

Front display

Dimensions

Device: 55 x 90 x 10 mm
Front display: 49 x 84 mm
Top display: 45 x 10 mm

Figure 6.12: lllustration of the Wearable with top display and front display.
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6.7.2 Low- delity prototyping

During this time, the features and interaction ows were also explored and decided.
The method used to create the ow was loosely based on a hierarchical task analysis
(HTA), dividing the interactions into goals, subgoals, and operations. The goals
that were included are listed below. The interaction ows were reviewed together
with the mentors at Ascom to validate them and get valuable input. The complete
interaction ows can be found in Appendix A.

Managing incoming alerts

Create alerts

Managing incoming calls

Initiating calls

Turn on the do not disturb mode
Regulate volume

Decisions had to be made regarding when to employ voice control, gesture control,
buttons, or a combination of these features. A combination of both controls was
desired for most features to support users with di erent preferences. Thanks to the
intuitive nature of voice control and that detailed information can be entered in
a fast and easy way, it was enabled for all features. It was decided that the user
should have the exibility to express commands in various ways, and the device
should be able to interpret them. It should also remember ongoing conversations. If
information is missing for the device to be able to complete a request, it should ask
the user to add information or clarify their intention. To support users in situations
where sounds need to be kept to a minimum, gesture control will be available.
However, it was decided to limit the number of available gestures, considering that
learning gestures requires time and can be challenging to remember. Time was spent
discussing whether feedback following gestures on the device should be entirely silent.
While gestures o er a silent mode of interaction compared to voice commands, it
was decided against keeping the feedback completely silent. This decision was made
because the interface primarily relies on auditory cues, and removing them would
risk crucial information being missed. A few buttons are available for commonly
used features as a third way of interacting with the device.

Many of the interaction ows include several alternative interactions, and story-
boarding was selected as an appropriate method to visualise these alternatives. The
following interaction ows were explained by storyboards:

Accept an alert using Wearable with top display and front display
Reject an alert using MiniWearable

Answer a call using MiniWearable

Decline a call using MiniWearable

6.8 Test Il

The last stage of the project was another iteration of Test, during which users
evaluated the nal designs. This evaluation validated how well the design met the
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users’ needs and provided valuable insights that could be used during future design
iterations. Furthermore, a brief evaluation of a gesture-based interface took place.

6.8.1 Usability testing - Gestures

A short evaluation was conducted at the Ascom o ce, where our mentors and we
tried out a gesture-based interface developed by an Ascom colleague. This interface
enabled users to answer and decline phone calls through the gestures of thumbs
up and thumbs down. During the evaluation, the participant wore a hospital shirt,
placed the gesture-enabled smartphone in the chest pocket, and tried the interactions
of answering and declining a call. Both the front and back cameras of the device
were tested by attaching the phone to the outside and inside of the pocket using the
clip. Afterwards, the phone was placed in one of the lower pockets, and the tasks
were repeated.

It became evident that the tested gestures were not optimal for the various positions
the phone could be placed. Wearing the phone in the lower pockets and gesturing
a thumbs down in the right location for the camera to register was very challenging
because the hand needed to be held in a strained and uncomfortable position. When
the phone was placed in the chest pocket, both gestures became easier to perform,
although executing the thumbs-down gesture remained more challenging compared
to the thumbs-up. Similarly to Test I, it was also di cult to know where and how
close to the camera the hand needed to be held for the device to recognise the
gestures.

6.8.2 Usability testing - Myco Mini & Myco Main

A nal evaluation was conducted at the medical department, which had been vis-
ited twice before. The evaluation started with introducing the devices, where the
participants could view the visualisations and hold and wear the 3D-printed pro-
totypes. Then, the participants were asked to perform prede ned tasks, similar to
the method of usability testing. However, no performance measures were collected;
instead, the participants were interviewed about their experiences. In the tasks, the
participants tried the following features of the voice user interface: accept an alert,
reject an alert, ask for more information about an alert and answer a call. Each task
started with a description of the situation, where one of the situations was that they
were in the corridor being ready to go on an alert. The description for the other
three tasks was that they were performing an unclean task wearing unclean gloves.
During these three tasks, the participants were also instructed to string beads while
performing the voice control to imitate their hands being occupied, see Figure 6.13.
Since the 3D printings had no integrated technology, a Wizard of Oz method was
used to simulate alert noti cation sounds, a ringtone and responses to their voice
commands. The simulation was achieved by connecting a laptop and a smartphone
to a Teams meeting, where the laptop shared its sounds. The sounds were played
by the smartphone, placed near the participant, and controlled by the computer.
Lastly, the participants were asked about their opinions of the gesture-based inter-
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action and the suggested gestures that can be seen in Section 7.3.2.

Figure 6.13: lllustration of the usability testing.

Two practical nurses and one nurse participated in the evaluation. When they were
asked to wear the 3D-printed prototypes, they all positioned Mini on the V-neck of
the shirt. They were okay with carrying around Mini with a smartphone since it
is small. One said it was so discreet that one could easily forget it was there, and
another participant actually forgot to remove Mini when leaving the evaluation.
Two participants positioned Main hanging on one of the lower pockets of the shirt,
mostly inwards, and the third one placed it in the breast pocket. They thought
that the size of Main was appropriate, and they appreciated the top display. As
previously mentioned, their department had previously had Myco 2, which they
missed, so the top display was a welcome sight. Two additional practical nurses
provided feedback on the devices, but did not perform the tasks.

In general, the participants were very optimistic about the voice user interface. They
all thought that it could simplify their work since they are often in situations when
they cannot respond to their smartphones, for example, when helping a patient
to shower or when wrapping a leg. They believed that they would be comfortable
using this in front of patients and that the patients would not nd the interaction too
strange. However, one of the participants did not like the interaction of accepting
an alert in the corridor. Firstly, they thought accepting an alert was unnecessary
since they could walk directly to the room and turn it o . Secondly, they did
not see the point of accepting the alert in a touchless manner when they had free
hands. Lastly, patients could perceive the voice commands in the corridor as strange
behaviour. The participant said using voice commands when having occupied hands
in a patient room makes more sense and would be much more comfortable. The other
participants were more positive about accepting alerts in the corridor but said that
it would take time to get used to the interaction.
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When testing voice control for calls, the participants were asked about the provided
feedback when the call began. In the current interaction, the user is informed that
they can start to talk when the ringtone stops ringing. Two out of three thought
it was clear enough, and one felt that additional feedback was needed. The audi-
tory design of the alert noti cation was also discussed with the participants. An
alternative to just using a sound as an alert noti cation is to let a voice read out
information about the alert, for example, what type it is and where it comes from.
The participants leaned towards the alternative of including information in the no-
ti cation since this removes the extra steps of asking for more information. This
would allow them to decide whether to accept or reject the alert faster. For example,
some patients have an increased risk of falling, and when you receive an alert regard-
ing them, it is important to check on them quickly. Other helpful information to
include would be if a patient calls from the WC or their bed since this also a ects the
decision. One mentioned concern was that a more extensive noti cation would be
more disturbing for the patients, but a participant said that if the information were
concise, it would probably work. Many patients at the department are connected to
telemetry systems that alert in case of abnormal values. According to a participant,
sound noti cations can make patients nervous over whether their values are causing
the alert. Therefore, the participants said that more informative noti cations might
stress the patients less.

The gesture-based interface did not receive the same appreciation as the voice user
interface. Two participants said they would not be comfortable using this with pa-
tients since the interaction is not as clear as the voice user interface. The patients
would probably understand the voice commands but not the meaning of the gestures.
Furthermore, there is a risk of them nding the gesture-based interaction disrespect-
ful. A participant said they would prefer more hidden gestures, such as movements
in front of the device. Another participant found the gestures more complicated to
recall than the voice commands since the voice is more intuitive. Nevertheless, one
participant did not nd gesture control socially strange and thought it was a good
complement to voice control for situations where you want to avoid interrupting an
ongoing conversation.
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Results

In this chapter, the deliverables of this thesis are presented. First, the problem areas
are listed and described. These are followed by a section presenting and explaining
the requirements that should be considered when integrating touchless interfaces in
healthcare communication. Lastly, the nal designs of Myco Main and Myco Mini
are presented, including descriptions of their hardware and interactions.

7.1 Problem areas

Below are the problem areas of situations that could possibly bene t from touchless
interfaces, which spring from the ndings of the user studies. Three overarching
themes can be identi ed in the problem areas: following hygiene routines, being
physically constrained, and work ow deviations. Moreover, most of the problem
areas either involve calls or alerts, which are two commonly used device features.

P1. Following hygiene routines while responding to alerts

In a medical department, the necessity for nurses to follow hygiene routines while
performing point-of-care tasks wearing gloves, con icts with the need to respond
to smartphone alerts. Nurses have to decide whether to let the alert remain or to
respond to the alert by cancelling the task, removing their gloves and disinfecting
their hands. This con ict disrupts patient care and work ow e ciency as well as
impairs the patient experience.

P2. Following hygiene routines while managing incoming calls

In hospital departments, the necessity for healthcare workers to follow hygiene rou-
tines while performing point-of-care tasks wearing gloves, con icts with the need
to manage incoming calls. Healthcare workers have to decide whether to let the
phone ring, let someone else handle it for them, or manage themselves by cancelling
the task, removing their gloves, and disinfecting their hands. This con ict disrupts
patient care and work ow e ciency as well as impairs the patient experience.

P3. Following hygiene routines while accessing information

In hospital departments, healthcare workers encounter di culties accessing all nec-
essary information from the device while following hygiene routines wearing gloves.
This is due to the screen of the device being out of their eld of view. They need to
decide whether to not access all information or access the information by cancelling
the task, removing their gloves and disinfecting their hands. These di culties result
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in the healthcare worker lacking the information needed to make informed decisions.

P4. Following hygiene routines while managing telemetry

In an intensive care unit, the necessity for nurses to follow hygiene routines while
performing point-of-care tasks wearing gloves con icts with the need to respond to
telemetry warnings. Nurses have to decide whether to let the warning remain or to
respond to the warning by cancelling the task, removing their gloves and disinfecting
their hands. This con ict disrupts patient care and work ow e ciency as well as
impairs the patient experience.

P5. Responding to alerts during two-handed, point-of-care tasks

In a medical department, healthcare workers occasionally receive an alert while
performing point-of-care tasks that require both hands. They need to decide whether
to let the alert continue ringing or to respond to the alert by cancelling the task.
This situation disrupts patient care and work ow e ciency as well as impairs the
patient experience.

P6. Managing incoming calls during two-handed, point-of-care tasks

In hospital departments, healthcare workers occasionally receive a phone call while
performing point-of-care tasks that require both hands. They need to decide whether
to let the phone ring, let someone else handle it for them, or manage themselves by
cancelling the task. This situation disrupts patient care and work ow e ciency as
well as impairs the patient experience.

P7. Access information during two-handed, point-of-care tasks

In hospital departments, healthcare workers encounter di culties accessing all nec-
essary information from the device while performing point-of-care tasks that require
both hands. This is due to the screen of the device being out of their eld of view.
They need to decide whether to not to access all information or access the informa-
tion by cancelling the task. These di culties result in the healthcare worker lacking
the information needed to make informed decisions.

P8. Initiate calls during two-handed, point-of-care tasks

During major traumas, doctors occasionally need to initiate a phone call to a con-
sultant while performing point-of-care tasks that require both hands. To address
this, they have to interrupt the task and occasionally resort to cradling the phone
between the shoulder and ear to continue with the patient. This situation disrupts
patient care and work ow e ciency.

P9. Call for assistance while physically restrained

In hospital departments, healthcare workers occasionally need to call for assistance
while being physically occupied with the patient and thus unable to reach the call
module. This results in the healthcare worker needing to shout for help which may
not be heard or exposing oneself and the patient to unnecessary risks.

P10. Managing calls during two-handed, non-point-of-care tasks
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In hospital departments, healthcare workers occasionally need to initiate or answer
a phone call while performing non-patient-related tasks that require both hands. To
address this, they have to interrupt the task and occasionally resort to cradling the
phone between the shoulder and ear to continue. This situation disrupts work ow
e ciency and compromises physical ergonomics.

P11. Work ow deviations when con rming alerts

In a medical department, the nurses don’t follow the intended work ow when receiv-
ing alerts on the smartphone. Instead, when they hear the alert, they glance at the
ceiling display to obtain the information and proceed directly to the patient’s room
to deactivate the alert and assist the patient or colleague. The intended work ow
includes retrieving the phone from the pocket, unlocking it, con rming the alert,
and then proceeding to the patient’s room to deactivate the alert. The alternative
work ow can be more convenient for the responder but results in unawareness of
the alert’s status in the other recipients and a noisy environment.

P12. Work ow deviations when rejecting alerts

In a medical department, the nurses don’t follow the intended work ow when re-
ceiving alerts on the smartphone. When they hear the alert and are occupied, they
don’t reject the alert as intended. Instead, they let the alert continue ringing until it
is handled by another recipient. This approach results in an extended delay before
the patient or colleague receives assistance and a noisy environment.

P1 to P4 cover situations where the hygiene routines restrict the handling of the
device. Adhering to hygiene routines is critical in a hospital environment to avoid
transmitting pathogens, and an unclean task often includes several glove changes and
disinfections of hands to ensure sterility. If a healthcare worker needs to handle the
device during an unclean task, they have to pause the task, remove their gloves and
disinfect their hands. This approach is ine cient and time-consuming. However,
if they decide not to respond to the device, it will still disturb the situation by
continuing to beep. P3 highlights the issue of the devices often being carried in the
healthcare workers’ pockets, causing the screens to be out of sight. The healthcare
worker must pick up the device to access information, which is cumbersome during
unclean tasks. The challenges underlying P1 to P4 were primarily identi ed in
departments with admitted patients since they frequently perform unclean tasks.

The challenges of interacting with devices during two-handed, point-of-care tasks are
presented in P5 to P8. Similar to P1 to P4, the healthcare workers need to interrupt
their tasks to manage the device. In P5 to P6, the healthcare workers need to decide
whether to respond to the device or not. The user study participants said this could
happen, for example, when maintaining a jaw thrust, casting or inserting a central
venous catheter. P7 is very similar to P3, but the cause of the problem is occupied
hands instead of following hygiene routines. P8 originated from one of the visits
to the emergency departments. A doctor said that during some emergencies, they
need to call a medical consultant when performing two-handed, point-of-care tasks
to know how to proceed with the treatment. Today, they must cancel the task to
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initiate the call and then cradle the device between the shoulder and ear to resume
the task. Healthcare workers also perform two-handed tasks when patients are not
nearby. During these tasks, situations can arise where handling the device becomes
inconvenient, and P10 represents these. Examples of such situations from the user
studies include receiving a phone call while mixing medications or if you want to
make a call while typing on the computer.

P9 originates from healthcare workers’ experiences of the assistance button not being
within reach. A healthcare worker at the gynaecological emergency department
mentioned that one time, a patient passed out while sitting in the gynaecological
chair and fell with her head caught between the seat and one of the leg supports.
The healthcare worker, who needed to be next to the patient, could not reach
the assistance button on the wall. Moreover, the neurological intensive care unit
patients can occasionally behave violently, and the healthcare workers have trouble
reaching the assistance button simultaneously while managing the situation. Today,
healthcare workers handle these situations by shouting for help, hoping a colleague
will hear them.

The last two problem areas emerged from observed work ow deviations when han-
dling alerts on Ascom smartphones. These deviations are due to several factors, in-
cluding the fact that some workers lack the knowledge of what the available actions

Accept and Reject result in. Furthermore, the healthcare workers expressed
that the current interaction required a lot of swiping. Solutions to these issues do
not necessarily need to be touchless since healthcare workers have free and clean
hands. However, they could still bene t from touchless interfaces if these interfaces
make the interaction faster and more convenient.

7.2 Requirements

This section lists requirements that aim to answer the research question by show-
ing what qualities a healthcare communication device utilising touchless interfaces
must possess. These are based on the pre-studies and user studies of the project and
consider every problem area except P4 and P10, as explained in section 6.3.2. The
requirements consider individual alert systems that contribute to a quieter environ-
ment compared to open alert systems in the corridors. The list also includes some
wishes, marked with a W, and the solution is not required to ful | these but if it
does, it is favourable. The requirements are intended for people who design health-
care communication devices with integrated touchless interfaces, and there are sev-
eral fundamental requirements regarding mobile communication devices. The list is
organised into the types of Hardware, Social aspects, General functionalities, Alert
functionalities, Call functionalities, Usability, Voice user interface and Gesture-based
interface.
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7.2.1 Hardware

The following requirements regard the physical properties that a solution should
POSSESS.

1.1 The solution should not be worn on the arms below the elbows.

1.2 The solution should be compatible with the healthcare workers’ uniforms.

1.3 The solution should be easily attachable and detachable to the healthcare work-
ers’ uniforms. (W)

1.4 The solution should be compatible with gloves.

1.5 The solution should be compatible with aprons.

1.6 The solution should be able to be disinfected.

1.7 The solution should be mobile.

1.8 The solution should be comfortable to use for a full shift.

1.9 The solution should not result in bodily harm.

1.10 The solution should be perceived as light weighted. (W)

1.11 The solution should have a continuous power supply for a full shift.

1.12 The solution should withstand physical impact.

1.13 The solution should be waterproof.

1.14 The solution should include hardware that enables the utilised touchless inter-

faces.

There are several requirements regarding healthcare workers’ scrubs and the basic
hygiene routines. At all visits, the healthcare workers wore a short-sleeved top
with a v-neckline, one breast pocket and two lower pockets, and pants with varying
types of pockets. When following hygiene routines, they are not allowed to wear
anything on their forearms and hands, and they wear gloves and aprons during
unclean tasks. Moreover, reusable equipment must be able to be disinfected. The
hospital environment can be demanding, so the solution must withstand physical
impacts, such as being dropped to the oor. It also needs to be waterproof since
the they perform wet tasks, for example, helping patients shower.

A healthcare worker needs their device in many di erent places, so the solution must
be mobile. They can use their device for an entire shift, which the power supply of
the solution must manage. Since they carry their device for many hours, the solution
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must be comfortable and preferably lightweight. For example, an interviewee who
occasionally uses two phones said that carrying them in the lower pockets of the
shirt caused a shoulder ache. Lastly, the solution’s hardware must support some
touchless interfaces to ful | the listed functionalities below.

7.2.2 Social aspects

The requirements in this section cover how the user’s surroundings perceive the us-
age of the solution.

2.1 The solution should not negatively a ect the quality of the patient-healthcare
worker relationship.

2.2 The solution should not hinder the patient from seeing the healthcare worker’s
facial expressions.

2.3 The solution should be perceived as hospital equipment.

2.4 The use of the solution should be perceived as professional by the observer.

2.5 The solution should not disclose con dential information to unauthorised people.

2.6 The solution should have a high social acceptability. (W)

Healthcare workers at the medical department said they could have trouble turning
the alerts o during patient meetings due to occupied hands or unclean gloves.
Occasionally, the continuous alert sounds can make the patients feel guilty for taking
up their time. The interviewed nurse who worked at another medical department
said they would rather work without the phone because it disturbs patient meetings.
However, that is impossible because they need to be reachable. The solution should
be designed so that patient meetings are less disturbed. In addition, the solution
should not a ect the visibility of the healthcare worker’s facial expressions. For
example, eye contact is important for the patient to understand the message from
the healthcare worker, and the patient can perceive a lack of eye contact from
the healthcare worker as a sign of disinterest (Davidhizar, 1992). The solution
should also clearly communicate that it is hospital equipment. Otherwise, using
the device can appear to be ignorant to the observers, as mentioned by a nurse
at an emergency department. Con dential information is often exchanged on the
devices, while healthcare workers are surrounded by people who should not access
this information, such as other patients and patient relatives. To make the solution
usable in these contexts, con dential information must not be disclosed to everyone
around.

According to some healthcare workers, the social acceptance of technology will come
many years later in hospitals than for consumer products. In addition, most visited
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departments used older technology such as feature and landline phones, indicating
a longer adaption time for new technology. Therefore, implementing touchless in-
terfaces in a hospital environment may present social challenges and the solution
having a high social acceptance is formulated as a wish. That being said, striving
for high social acceptability when integrating touchless interfaces is important.

7.2.3 General functionalities

This section includes functionalities of the solution that are not exclusive to either
calls or alerts.

3.1 The solution should not include excessive functionality.

3.2 The solution should prevent the need for excess devices to handle calls and alerts.
(W)

3.3 The solution should ensure uninterrupted work during a limited time period.
3.4 The solution should direct information to the intended users.

3.5 The solution should be able to manage alerts and calls that occur simultaneously.
3.6 The solution should facilitate the localisation of colleagues. (W)

3.7 The solution should utilise at least one of the following touchless interfaces: voice
user interface and gesture-based interface.

3.8 The solution should allow for multimodal input. (W)

3.9 The solution should include touch-based interfaces.

The healthcare workers at the medical department complained that there were many
applications on smartphones that they had no use for. According to them, handling
alerts and calls are the two most essential functionalities, and sometimes, a calcu-
lator and alarm clock can be helpful. Therefore, the solution should only include
functionalities that the users request. In addition, the healthcare workers at the
medical department said that they would not like to add a new device since they
always carried two smartphones, and this opinion resulted in a wish.

A practical nurse at the medical department mentioned that they left the smart-
phone outside the patient’s room when performing a time-consuming task to avoid
being disturbed by alerts. If the solution provides a Do Not Disturb function, the
healthcare workers don’t have to put it away. To prevent unnecessary disturbances,
information should only be directed to the intended users. For example, if a pa-
tient’s room has an assigned nurse, the alerts should be primarily directed to that
nurse.
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An alert can occur during a call and vice versa. Considering the importance of both
functionalities, the solution should be able to handle these situations conveniently.
Moreover, at several departments, the healthcare workers spent time looking for each
other. Hence, it would be bene cial if the solution would facilitate the localisation
of colleagues.

The solution should use voice user interfaces, gesture-based interfaces, or both for
touchless interaction. The decision to exclude eye tracking systems from the require-
ment was based on the fact that using eye tracking contradicts some requirements.
The solution should be mobile, and today’s mobile products using eye tracking, cover
large parts of the face, such as HoloLens 2 (Microsoft, n.d.-a) and Apple Vision Pro
(Apple, n.d.). Therefore, if eye tracking had been utilised, it would have contra-
dicted the requirement saying that the solution should not hinder the patient from
seeing the healthcare worker’s facial expression. There is also a risk that wearing
these types of devices is uncomfortable for an entire shift. Other possible di culties
may be when wearing glasses underneath or being in humid environments, such as
when helping a patient shower.

The solution should provide multimodal input methods for the actions. Multimodal
interfaces allow a user to switch between input methods depending on the circum-
stances of the situation (Oviatt, 2007, pp. 414-418), and there are situations at the
hospitals where this can become relevant. For example, when a healthcare worker
has occupied hands while performing a task, they cannot make gestures, making
voice control a more suitable option. Additionally, a nurse mentioned that they
would not want to make a voice command while talking to a patient since that
would interrupt the conversation. Then, making a gesture would be a better choice
if the situation requires touchless interaction. Moreover, a user can have preferences
of which interaction they like the most to use. The solution should also provide al-
ternative input methods for touchless interfaces. Not all situations require touchless
interfaces, and sometimes, a touch-based interaction can be more convenient. This
requirement also corresponds to Jordan’s 1998 principle of Compatibility, saying
that the product’s method of operation should be similar to the methods of opera-
tions used by other products the user has encountered. Touch-based interfaces are
more conventional in hospitals, and by providing familiar interfaces in addition to
touchless interfaces, users can perceive the solution as more useable.

7.2.4 Alert functionalities

Requirements exclusively regarding alerts are gathered below.

4.1 The solution should allow for accepting alerts with touchless interaction.
4.2 The solution should allow for rejecting alerts with touchless interaction.
4.3 The solution should allow for creating alerts with touchless interaction.

4.4 The solution should provide a fast and easy interaction for issuing an emergency
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alert.

4.5 The solution should be able to manage multiple alerts simultaneously.

4.6 The solution should provide all the necessary information needed to handle an
alert.

4.7 The solution should provide clear information on the status of an alert.

There are three alert actions for which the solution must provide touchless interac-
tion. The rst two are accept and reject alerts, which are essential for making the
department work ow more e cient. The third action is creating an alert, which
can only be created with the call modules on the walls today. This requirement
originates from the issue of not always reaching the call module, as the ninth prob-
lem area covers. Moreover, healthcare workers can be stressed during emergencies,
and the solution should consider their mental state by providing an easy and quick
interaction for creating an emergency alert.

The solution must support situations where there are multiple alerts simultaneously,
and it must also provide information about the alerts to help the user make informed
decisions. This information could vary between departments, and an example of
information that could be included is type of alert, room number and bed number.
Furthermore, the status of an alert should be provided, for example, if the alert has
been escalated. If an alert is escalated, it has not been handled within a speci ¢
time limit, causing a new distribution to more healthcare workers.

7.2.5 Call functionalities

In this section, the call requirements are listed.

5.1 The solution should allow for accepting calls with touchless interaction.
5.2 The solution should allow for declining calls with touchless interaction.
5.3 The solution should allow for silencing calls with touchless interaction.
5.4 The solution should allow for initiating calls with touchless interaction.

5.5 The system should inform about missed calls when requested. (W)

The actions accept, decline, silence and initiate calls should be possible with touch-
less interaction. The interviewed healthcare workers said that there are situations
when they receive calls and are unable to respond, for example when performing un-
clean tasks or having occupied hands. Touchless interaction may help them in these
types of situations. A nurse at the gynaecological emergency department said that
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they chose to silence a call when they are unable to answer it instead of declining it.
They meant that there is a risk that the person on the other side of the line believes
the call got disconnected if you reject it, whereas if you silence the call, it keeps
going, indicating that you are too busy to answer. Therefore, the solution should
allow for silencing calls with touchless interaction. The requirement for initiating a
call with touchless interactions is based on a doctor’s experience presented in the
eighth problem area. Some interviewees could not access missed calls, which some-
times complicated their work. Hence, it would be bene cial if the solution could
inform the user about missed calls on request.

7.2.6 Usability

This section includes the usability properties the solution must possess.

6.1 The solution should provide information in an accessible way.

6.2 The solution should provide an overview of the current situation. (W)
6.3 The type of event from the solution should be easily distinguishable.
6.4 The event noti cation should be noticeable.

6.5 The solution should limit the number of actions needed to reach a goal.
6.6 The solution should be perceived as trustworthy.

6.7 The solution should provide clear feedback on one’s actions.

6.8 The solution should have the capability to undo actions.

6.9 The solution should consider hygienic aspects to ensure that the healthcare work-
ers feel comfortable sharing it with one another.

6.10 The solution should strive for a quiet environment.

6.11 Any emitted sounds should be easily distinguishable.

6.12 Any emitted sounds should be at a comfortable sound level.

6.13 Any emitted sounds should be prominent.

6.14 Any emitted sounds should be pleasant. (W)

As the third and seventh problem areas present, the healthcare workers have to
pick up their phones to access information, which makes the work ow ine cient.
Therefore, the solution should follow Jordan’s 1998 principle of Visual clarity and
provide information in an accessible way. In order to gain an understanding of the
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situation, the user should be able to access an overview of all current events from
the solution. Providing an overview of the situation helps the user to make the right
decision, preventing the probability of errors according to the guideline of Error
prevention and recovery (Jordan, 1998). Furthermore, there will be various types
of events from the solution, such as calls and di erent alert types, and the solution
should once again follow the principle of Visual clarity by clearly communicating to
the user which type is occurring.

As previously mentioned, the healthcare workers using the smartphone alert system
complained that too much swiping was needed to interact with the system, and this
con icts with Jordan’s 1998 principle of Prioritisation of functionality and informa-
tion. The solution should require as few steps as possible to perform an action to
make their work ow e cient. Another way to follow this principle is to provide call
and alert noti cations that attract the user’s attention. Calls and alerts are essential
for hospital departments since they provide information needed to provide proper
care. Making the noti cations noticeable increases the chance of all calls and alerts
being managed.

In the medical department, a practical nurse said they did not trust the smartphone
alert system. As a result, they mostly looked at the ceiling and room displays to keep
track of the alerts. Establishing healthcare workers’ trust is an important aspect
of getting users actually to use the solution. One way is to provide clear feedback
to help the users understand the outcome of their actions, following the principle
Feedback for useable design (Jordan, 1998). Additionally, the users should be able
to redo actions when mistakes happen or when circumstances change, according
to the principle of Error prevention and recovery (Jordan, 1998). For example, a
healthcare worker can accept an alert but later be interrupted by something more
urgent. Then, the alert needs to be made available to colleagues again.

It was common practice in the visited departments for nurses and practical nurses
to share devices among the workforce. If the solution is not hygienic to share with
others, the workers will not feel comfortable using it. A requirement regarding
hygienic aspects was included to not con ict with the satisfaction aspect of usability
and consider the user’s emotional response that results from using the solution
(International Organization for Standardization, 2018, 1SO 9241-210, section 3.10).

Continuous and repetitive alerts can cause alarm fatigue (Jones, 2014), decreasing
healthcare workers’ ability to distinguish between alerts and increasing the risk of
alerts being ignored. Several people working in departments with corridor alert
systems expressed that the frequent sounds were annoying. Furthermore, some said
that they have learned to ignore some of them, indicating that they have developed
alarm fatigue. At the neurological intensive care unit, a healthcare worker said
the alert system could be painful for patients with severe headaches. Therefore,
striving for a more silent environment is vital for the work environment, the safety
and the patient’s recovery. When sounds are used, they should be at a comfortable
sound level. Nevertheless, they must also be prominent so the user can acknowledge
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them. The sounds of the alerts varied between di erent departments, and some
were more pleasant than others. It would be valuable if the used sounds could be
more harmonious and still catch the user’s attention. The visited departments also
had di erent sounds for di erent types of alerts. The healthcare workers found
this helpful, so easily distinguishable and varying sounds should be utilised in the
solution.

7.2.7 Moice user interface

Requirements when utilising voice user interfaces are listed below.

7.1 The solution’s microphone should be positioned close to the user’s mouth.
7.2 The solution should understand di erent types of dialects.

7.3 The solution should repeat information on request.

During the user studies, it was observed that the hospital environment can be noisy
due to equipment sounds and several people being in the same room. As de Camargo
et al. (2021) state, voice user interfaces can have trouble interpreting the commands
when the surroundings are noisy. To prevent the surrounding sounds from inter-
fering, the microphone of the solution should be placed near the user’s mouth. In
addition, this placement prevents the risk of activating other devices of the same
type that are nearby. The transient nature of the voice user interface output places
a heavy cognitive load on the user (Cohen et al., 2004, p. 6). The user should be al-
lowed to ask for the solution to repeat information to reduce the cognitive load, and
this requirement follows Jordan’s 1998 guideline of Consideration of user resources.
Many di erent dialects exist among healthcare workers, and to be accessible to all,
the solution must understand various dialects.

7.2.8 Gesture-based interface

The following list includes requirements when gesture-based control is utilised.

8.1 The solution should not utilise too complex gestures.

8.2 The solution should not utilise too physically challenging gestures.

8.3 The solution should utilise distinct gestures.

8.4 The solution should not utilise an excessive number of gestures.

8.5 The solution should not implement suspenseful gestures.

8.6 The solution should implement one, or more, of the following alternatives: se-

cretive, magical and expressive gestures.

66



7. Results

As mentioned in Section 3.1.2, there are several things to consider when design-
ing a gesture-based interface. According to Vatavu (2023), gestures should not be
complex, physically challenging, and hard to remember to facilitate gesture-based
interaction. Rempel et al. (2014) suggests gestures used in sign language for let-
ters and numbers for gesture-based interfaces because they are distinct. Therefore,
distinct is a quality that the selected gestures should possess. In order to avoid
overloading the user’s memory, following Jordan’s 1998 guideline of Consideration
of user resources, the solution should not utilise too many di erent gestures. The
degree of social acceptance varies for di erent gesture-based interactions Montero
et al. (2010). Suspenseful gestures, where the gesture is revealed and the e ect is
concealed, have low social acceptance. The other combinations of visible or hidden
gestures and their e ects are socially acceptable.

7.3 Myco Mini & Myco Main

This section presents the two prototypes the thesis resulted in. They are designed
to support healthcare workers in situations described in the problem areas. The
prototypes, Myco Mini and Myco Main, exemplify two approaches to implementing
the requirements into physical products. While the prototypes aim to meet all
requirements, certain aspects require further evaluation with users. Speci cally,
the requirements concerning social aspects and usability. For instance, during Test
I, it became apparent that the gesture-based interface needs further evaluation to
assess whether it meets requirement 2.6 by having a high level of social acceptability.
Another example of a requirement that needs to be tested is 6.6, which entails that
the solution should be perceived as trustworthy. Furthermore, since the focus of
the project has been on aspects other than the emitted sounds, the requirements
regarding this, 6.10-6.13, need to be evaluated in future iterations.

In Figure 7.1 and 7.2 below, the two prototypes are visible. The name Myco is taken
from Ascom’s smartphone line and stands for My Companion . Myco Mini earned
its name for its compact size and minimalistic interface, while Myco Main signi es a
device with only the main features needed for healthcare workers’ daily tasks. Myco
Mini and Myco Main have many similarities but several di erences as well. Both
focus on assisting healthcare workers in various situations by enabling touchless
interfaces. The prototypes are described in terms of hardware and interactions.

67



7. Results

10:58

® Emma Johansson

2 pending alerts

Assistance Call @
O
I—l ® 10:47 Room 202

[ °Accept H QReject l

"N‘ Patient Monitor @

@ 10:52 Room 103

‘ @ Accept H Q Reject

«
Alerts

Figure 7.2: The 3D-printed prototypes showing the proportions. Myco Main is
displayed on the left side in the rst two photos, and Myco Mini is shown on the
right.

7.3.1 Hardware

This section describes the physical properties of the prototypes, which aim to ful |
the requirements in the requirement type Hardware and also some Usability require-

68



7. Results

ments. They are designed to match each other’s appearances, as well as Ascom’s
current smartphones.

Myco Mini

Myco Mini is a small, lightweight wearable that assists users in their daily tasks.
Except for voice control and gesture control, alternative modalities such as buttons
and the option of using the connected smartphone are available to accommodate
users with di erent preferences. The device is worn on the neckline of the shirt
or the chest pocket and is connected to a smartphone utilising Ascoms’s systems.
Depending on the weight of the accompanying smartphone, the wish 1.10 might not
be ful lled, and the solution needs to be tested with users to determine its ful Iment.
It consists of two connected parts, the square base and the exible silicone band,
both of which are magnetic. In gure 7.3 Myco mini is shown with its band straight.
When attaching the device, the band is folded, and the fabric of the shirt is inserted
between the square base and the band, allowing the magnets to connect and hold
the device in place. The square base is directed outwards on the shirt, enabling
interaction with it.

Figure 7.3: Image of Myco Mini with the band straight.

The materials used for the device are plastic and silicone. The outer parts of the
square base are made of dark grey plastic, while the front and back of the base and
the band are made of black silicone. The silicone ensures the device stays securely
attached to the fabric and gives the user a reliable grip when interacting with the
buttons. The materials allow the device to be disinfected when necessary; hence,
Mini meets requirements 1.6 and 6.8.

In the front of the base is a camera that registers gestures made by the user. There is
also a small light located on the rounded part between the front and the side closest
to the band. The placement of this light allows the user to see it while it is worn and
lets observers see it as well. This light signals various events on the device, such as
the initiation of an alert and incoming phone calls. Various alerts, each associated
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with a speci c¢ colour, will cause the light to display di erent colours accordingly.
This design choice ful Is requirement 6.3. When speaking to the device, the light
will also light up, showing you it is listening to what you are saying. By using
visual feedback as a complement to the auditory cues, users can better understand
the device’s status and actions. There is also a speaker and a microphone close
to the light, enabling voice control. These are directed towards the user for clear
communication, improved audio quality and to help minimise interference due to
background noises (requirement 7.1). The Ascom logo is positioned near the base,
at the beginning of the band. This placement ensures that the logo remains visible
when it is worn with the band folded and when it is not worn and the band is at.
In Figure 7.4, Myco Mini with its band bent is visible.

Figure 7.4: Image of Myco Mini with the band bent.

At the front of the square base, there is a multi-function button that enables the user
to perform frequently used actions by clicking on the surface. This surface is also
made of silicone material to provide a better hold. Located on the side of the base
are two volume buttons. This placement allows users to grip the base between their
index nger and thumb while adjusting the volume. On the opposite side, there is
an IR sensor that registers the location of the device. The side of the base, which is
located in the opposite direction towards the band, is an alarm button. In Figure
7.5 the IR sensor and alarm button is visible. This button can be used in emergency
situations if the user is being threatened by someone. The button requires to be
pressed for a few seconds before being activated to minimise the risk of accidental
use.

Figure 7.5: Images of Myco Mini from the sides showing the IR sensor and alarm
button.
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Myco Main

Myco Main is a compact smartphone (see Figure 7.6) with only the essential features
for healthcare workers, meeting requirement 3.1. Users are supported in various
situations by the possibility of using the device as a conventional phone, as well
as by voice and gesture control in a completely touchless manner. The intended
position of the phone is to have it clipped onto the chest pocket, with the screen
directed outwards. However, it can also be positioned in the chest pocket, on the
neckline or in the lower pockets of the shirt. The exterior of the phone is made
up of dark grey plastic. The phone is durable and can withstand accidental drops
(requirement 1.12), and it can also be disinfected (requirements 1.6 and 6.8).
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Figure 7.6: Image of Myco Main.

Images of Myco Main from di erent angles are shown in Figure 7.7. Two separate
displays are integrated into the phone; one is the conventional display covering most
of the front, while the other is positioned at the top. The top display enables the
user to access visual information in a completely touchless manner while wearing the
device as intended, following requirement 6.1. The top display is not touch-sensitive,
while the front display is. If the user wants to access more visual information from
the phone positioned outside of the chest pocket, they can tilt the phone upwards
with their hand. When tilted 90 degrees, the screen ips so the user faces the
interface correctly. This way, the user can access all available information quicker
than removing the phone from its position and holding it in their hand, according
to requirement 6.5. The digital interface of Myco Main is created with Ascom’s
design system, which has undergone testing to ensure its suitability. Additionally,
this integration establishes coherence with their existing smartphones.
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Figure 7.7: Images of Myco Main from the front, back and sides.

Next to the top display is a microphone that registers voice commands and an IR
sensor that can detect the location of Myco Main. A speaker and a camera are
positioned above the front display, where the purpose of the camera is to register
gestures. The speaker’s position at the top allows the sound from the phone to travel
only a short distance when worn as intended, meeting requirement 7.1. Additionally,
the position is suitable for regular phone calls with the phone held to the ear. On
one side of the phone, there are two volume buttons and one power button, and on
the other side, there is an alarm button that can be used in threatening situations.
Similarly to Myco Mini, this button must be pressed and held for a few seconds
before activating. There is a clip on the back of the phone to attach it to clothes.
Furthermore, there is a back camera and a battery cover that can easily be opened
if the battery needs to be changed, according to requirement 1.11.

7.3.2 Interaction

In this section, the interaction with Myco Mini and Myco Main is covered. The
purpose of Myco Mini and Myco Main is to support healthcare workers in their daily
tasks by providing touchless interfaces. Therefore, the prototypes meet requirement
3.8. Both devices have similar features, except for the added visual information on
Myco Main’s screens. Myco Mini is intended to be carried with a smartphone, while
Myco Main functions independently. The input methods are voice control, gesture
control, and touch through touchscreen and physical buttons. By o ering multiple
input modalities, the devices accommodate the diverse needs of healthcare workers
and ful | the wish 3.9.

Voice control enables a completely hands-free interaction, which is valuable during
procedures where the worker’s hands need to remain sterile or when their hands are
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full. Thanks to the voice control, the requirements 4.1-4.4 and 5.1-5.5 are ful lled.
When initiating a conversation with the device, the user starts by saying Hi Myco,
followed by the request. There are no speci c, predetermined commands for the
various actions. Instead, the user should be able to achieve the same action with
di erent phrases. For example, to answer a call, the user can say both Hey Myco,
answer the call and Hey Myco, answer. After initiation, the devices indicate that
they are listening through visual cues. On Myco Mini, the LED light lights up and
slowly pulsates while speaking to it, and on Myco Main, a small animation should
be played on the top display. If any necessary information is missing from a request,
the devices will ask follow-up questions to ensure the correct action is executed.

Gesture control introduces additional exibility by allowing the user to interact with
the device more quietly. The use of gestures has intentionally been limited to a few
frequently used actions, as they need to be learnt and are, therefore, less intuitive
than voice control. In total, there are four gestures, and these can be viewed in
Figure 7.8. As mentioned in Section 3.1.2, sign language letters and numbers are
recommended as gestures because they are easy to recall and distinct. Two gestures
follow this recommendation, while the other two are sign language words commonly
used in society. The choice of gesture is further motivated when presenting the
di erent features. Since the devices can be worn on di erent parts of the shirt,
it is essential for the gestures to remain comfortable to perform regardless of the
device’s positioning. Thus, the camera should have the capability to detect gestures
accurately, even when they are performed at various angles. The selection of gestures
aims to ful | the requirements 8.1-8.6. To ensure that the gestures are neither too
complex nor physically challenging, they need to be tested with users.

In situations where touchless interaction may not be feasible or wanted, requirement
3.10 is met by providing touchscreens and physical buttons. These backup interac-
tions provide familiarity for healthcare workers, which can be needed in emergencies
or when managing large amounts of data.

Figure 7.8: lllustrations of the gestures, from left to right, represent actions for
receiving information, rejecting alerts and calls, answering calls, and silencing calls.

Allowing all these input methods, healthcare workers can select the most suitable
option for each task. Therefore, it improves e ciency and enhances the quality
of patient care. The output methods include audio, vibrations, and visual output
through Myco Main ’s screens and Myco Mini ’s lights. The alert information the
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devices reveal to the surroundings is the same as the information displayed in the
corridors today, namely the room number, type of alert and, potentially, bed number.
Therefore, requirement 2.5 is followed since no con dential patient information is
disclosed. When answering calls in a touchless manner, the call automatically goes
to speaker phone. To prevent the person on the other side of the line from saying
con dential information, the user can start the conversation by saying they are
on speaker phone. Con dential information can be received by switching the call
to Mini’s accompanying smartphone or by holding Main against the ear. When
interacting with the devices with voice or gesture, it responds through speech to
con rm the actions, ful lling requirement 6.7. As an event is triggered, such as an
alert or incoming call, the device noti es the worker through auditory, haptic, and
visual cues, ensuring the information is received (requirement 6.4).

The features below are available on both devices and can be managed with touchless
interaction. These originate from requirements in General functionalities, Alert
functionalities, and Call functionalities.

Managing incoming alerts

Create alerts

Managing incoming calls

Initiating calls

Turn on the do not disturb mode
Regulate volume

Managing incoming alerts

When an alert is triggered, the user notices this by the alert sound and vibrations
from their device. If the user wants, they can receive additional information by
asking for it by saying, Hi Myco, tell me about the alert , or something similar.
They can also receive this information by holding their hand in front of the device’s
camera and gesturing an i in American sign language. The gesture is a closed st
but with the little nger pointing up, and this is illustrated in Figure 7.8. Myco
will then tell the user the most important information about the alert, including the
type of alert, room, and bed number from which the alert originated. Consequently,
the device provides all necessary information needed to handle an alert, meeting
requirement 4.6. If the user is wearing the Myco Mini, they can also discern the
kind of alert by observing the LED light on the device, which indicates the alert
type through its colour. If the user wears the Myco Main, they can look down at
the top display to receive the same information visually instead. The devices will
be able to repeat auditory information upon request, thus meeting requirement 7.3.

When receiving an alert, the user has two choices: accept or reject the alert. If the
user chooses to accept the alert, they can use their voice and say Accept alert .
If multiple alerts are pending, the user needs to specify which alert they accept by
providing additional information about it. Due to the possibility of multiple alerts,
accepting them by using gestures is not feasible. This limitation is made because it
is impossible to convey additional information about each alert in gestures without
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a large number of gestures. It will also not be possible to accept using gestures even
when there is only one alert pending since that would break consistency and may
cause confusion for the user. If the user wishes to accept by touch instead, they
can pick up or tilt Myco Main and use it like a regular smartphone, or if they use
Myco Mini, pick up the connected smartphone. Figure 7.9 illustrates the di erent
interactions of accepting an alert using the Myco Main.

31
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Figure 7.9: Storyboard about accepting an alert using Myco Main.

1. Hears the signal: A nurse is walking in the hospital corridor when she hears
her Myco Main signal that an alert has been activated.

2. Understands the alert: She looks down at the device hanging on her chest
pocket and reads the information on the top display. She understands that
the alert is an assistance call in room 202.

3. Accepts the alert: (She does either 3.1 followed by 4. or only 3.2)

3.1. She accepts the alert by saying, Hi Myco, accept the alert to the device.
3.2. She accepts the alert by tilting the Myco Main up with her hand and
interacting with the touchscreen.

4. Con rmation: The device con rms the voice command by saying, Okay,
you have accepted an assistance call in room 202.

If they need to reject the alert and let someone else handle it, they can do so in
multiple ways. They can use their voice to say Reject alert or a similar phrase. If
one or multiple alerts are pending and the user wants to reject them all, they can
also do so by gesture. This gesture is an R in sign language and can be described
as crossing the index nger and long nger while holding the rest of the ngers in
a closed st, see Figure 7.8. The two ngers form a cross, a typical symbol for
rejection. The alerts can also be rejected by using the touch screen on Myco Main
or by picking up the connected smartphone to Myco Mini. The alternative touchless
interactions of rejecting an alert using Myco Mini are demonstrated in Figure 7.10.
After accepting or rejecting the alert, the user will receive a con rmation of the
action to ensure clarity and prevent unintended actions. The con rmation is through
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speech and can be, for example, Okay, you have accepted an assistance call in room
202, bed one , or Okay, you have rejected all alerts .

2.1

Figure 7.10: Storyboard about rejecting an alert using Myco Mini.

1. Hears the alert: A practical nurse is helping a patient change their wound
dressing when she hears the signal from her Myco Mini that an alert has been
triggered. Since she is in the middle of her task, she wants to reject the alert
and let someone else accept it. She is wearing gloves and wants to remain
sterile, so she does not want to pick up her phone.

2. Rejects the alert: (either 2.1 or 2.2)

2.1. To reject the alert, she says to Myco Mini, Hi Myco, reject the alert .

2.2. Since she has one hand free at the moment, she decides to make a gesture
to signal to Myco Mini that she is rejecting the alert. She puts her hand
in front of the device and crosses her index nger and middle nger.

3. Con rmation: Myco Mini con rms the action by saying Okay, alerts re-
jected .

4. Continues: The nurse continues helping the patient.

Create alerts

Three di erent types of alerts can be created with Myco Main and Myco Mini,
one of which is an assistance alert. This alert is supposed to be triggered when a
healthcare worker needs assistance from a colleague. Instead of using the existing
assistance buttons on the wall in the patient room, they can, with these devices,
create them using their voice from a distance. This allows the healthcare worker to
remain in their location, continue with their task or remain sterile if needed. To do
so, they can say, Hi, Myco, call for assistance . To provide information on which
room needs assistance, the hospitals must install speci ¢ technology in each room
that the IR sensors can detect.

The other type of alert that can be created is an emergency alert. The interaction
works similarly to the previous one but creates an alert of higher urgency. The
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nal type of alert is for the healthcare worker’s safety. If a situation arises where
they feel threatened by another person, such as a patient, they can call for help by
pressing the alarm button on the side of the device. The decision was made to have
a dedicated button for this action rather than relying on voice control since it may
not be suitable to call for help via voice and let the threatening person hear it.

Managing incoming calls

When there is an incoming call, the user hears a signal and feels a vibration. On
Myco Mini, the LED light also indicates that a call is present by glowing. To get
information about who is calling, the user can ask the device or make the gesture for
more information (see Figure 7.8) in front of it. On the Myco Main top display, the
number or the contact calling is also displayed to provide the user with visual infor-
mation. The incoming call can either be answered, declined or silenced, depending
on the user’s choice. Suppose the user wishes to answer the call. In that case, they
can do so by saying Answer or doing the hand gesture commonly associated with
a phone call, where the thumb and little nger are extended outward while the rest
of the ngers are closed, see Figure 7.8. This is also the sign for "telephone” in
American sign language. With Myco Mini, the phone call can also be answered by
pushing the multi-function button on the front of the device or by picking up the
connected smartphone. Myco Main can also answer the phone through the touch
screen. In Figure 7.11, a storyboard about answering a call using Myco Mini is
shown as an example of this interaction.

21

Hi Myco,
answer call.

Figure 7.11: Storyboard about answering a call using Myco Mini.

1. Hears signal: A practical nurse is currently helping a patient to change their
wound dressing as she hears the signal of an incoming call from her Myco Mini
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hanging on her shirt. Since she is almost nished, she decides to answer the

call.

2. Answers call: (She does either 2.1, 2.2 or 2.3)

2.1. She answers the call by saying Hi Myco, answer .

2.2. Since she has one hand free at the moment she decides to do a gesture
to signal to Myco Mini that she wants to answer. She holds up her hand
with her thumb and little nger extended outward.

2.3. She nishes up her task and answers after taking o her gloves and dis-
infecting her hands by pushing in the multi-function button on Myco
Mini.

3. Talks: Since she is with a patient she initiates the call by saying Practical
nurse Emma, you are on speaker phone.

Declining a call is done similarly to accepting it. The user can either say Decline
or make the reject gesture (see Figure 7.8). To decline using touch, the user can
hold in the multi function button on Myco Mini, dubble click on the power button
on Myco Main or use the touchscreens on the phones. Below, in Figure 7.12 is a
storyboard showing an example of declining a call using Myco Mini. A call can also
be silenced, which means it continues ringing but with no sound. The alternative
interactions for this action are saying Silence call , pressing the device’s power
button or holding up the index nger in front of the device, see Figure 7.8. This
gesture is commonly used to signal silence or shush someone when held in front of
the mouth. Furthermore, it is the sign for "quiet" in American sign language.

21

Figure 7.12: Storyboard about declining a call using Myco Mini.
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1. Hears signal: A nurse is in the middle of a conversation with another nurse
when the signal of an incoming call starts from her Myco Mini hanging on her
shirt. She wants to continue the conversation and chooses to decline the call.

2. Declines the call: (She does either 2.1, 2.2 or 2.3)

2.1. She declines the call by saying Hi Myco, decline call .
2.2. She declines the call by making a gesture in front of Myco Mini. She puts
her hand in front of the device and crosses her index nger and middle
nger.
2.3. She declines the call by holding in the multi function button on Myco
Mini.

3. Signal stops: The signal of the call stops and she continues on with her

colleague. She plans on calling back when she has more time.

If a call is answered without using the touch screens, it is automatically put on
speaker. To ensure that the person on the other side of the line is aware of the
phone call being on speaker, it is recommended that the user initiates the call by
saying that they are on speaker phone. If a call needs to be kept private, it can be
removed from the speaker by picking up Myco Main and holding it against the ear.
Alternatively, if the user wears the Myco Mini, the call can be transferred to the
connected smartphone.

Sometimes, the user receives a call simultaneously as there are existing alerts. In
these situations, the call is dominant, i.e., the user’s action will be applied to the
call event. For example, if there are active alerts and an incoming call, the reject-
gesture , see Figure 7.8, will decline the call and not reject all alerts. First after the
call is handled, the user can act upon the alerts. This design decision aims to ful |
requirement 3.5 but is not based on studies and needs further evaluation.

Initiating calls

For both Mini and Main, the user can initiate a call touchless using their voice.
They either say the telephone number or the contact’s name if the number is stored
in the contacts. For example, the user can say, Hi Myco, call Anna , and after this
command, the device will con rm it by saying, Okay, you are calling Anna .

Turn on the do not disturb mode

To ensure that the workers can be undisturbed in situations that require it, they
can turn on do not disturb , DND for short. Therefore, meeting the requirement
3.3. DND can be activated by touch in the graphical interface of the phones or by
voice control. For example, the user can say, Myco, out on DND for ve minutes ,
or Myco, put on DND , and it will ask how long it should last.

Regulate volume

The volume on the devices can be regulated by voice and the physical buttons on
the sides. Since the primary interface is auditory, the decision was not to allow the
volume to be set to zero. Allowing this could result in important information being
unnoticed.
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Discussion

In this chapter, a discussion about the thesis is presented. Several aspects and deci-
sions that a ected the execution and result are reevaluated and discussed. Further-
more, the topics of ethical considerations, future work, validation, and generalisation
are addressed.

8.1 Execution

Due to the complex use context and the users’ unique knowledge and experience,
user studies were crucial for answering the research question. The departments
contacted were emergency, neonatal, intensive care, and infection departments, as
their high pace and great need for sterility were assumed to be factors that could
complicate the interaction with the devices. In addition, a medical department was
contacted because they used Ascom’s alert system and smartphones. Of all the con-
tacted departments, we were able to visit three types of emergency departments, one
neurological intensive care unit and the medical department. In hindsight, high-pace
was not a very important factor for the scope of our project, rather the frequency
healthcare workers interacted with mobile devices. For example, many challenges
relevant to our project were noted at the visit to the medical department despite
it not being the type of department we initially thought would be the most inter-
esting. An apparent reason for this outcome is that this was the only department
using Ascom’s system, while the others had open alert systems that did not involve
the healthcare workers interacting with mobile devices to respond to alerts. With
this experience in mind, it would have been better to reach out to a wider range of
department types to gather more perspectives.

While formulating the requirements, the initial idea was to categorise them into the
requirement types described in the methodology section. When these types did not
feel suitable for our project, an approach similar to a nity diagramming was used.
Similar requirements were grouped, and after some iterations, the groups were given
names. The new types may not be perfect; for example, the content of the type
Usability is very diverse and might have bene ted from having undertypes, such as

Sounds . Further iterations could be done to improve the categorisation, which
would increase the readability of the requirements.

During the rst evaluation, it was surprising that the participants preferred Mini-
Wearble over Bone conduction headphone. The Bone conduction headphone had
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the same functionality as the MiniWearable, and the headphone made it possible
to access con dential information when surrounded by people. Either the Mini-
Wearble was a better solution, or the result was in uenced by how the ideas were
represented. The participants tried voice control using the product TOKK, similar
to the MiniWearble, and they also tried a pair of bone-conduction headphones but
with no voice control functionality. Due to the similarities between TOKK and Mini-
Wearable, the voice control functionality might have been more straightforward to
translate to MiniWearable than to Bone conduction headphone, making MiniWear-
ble more graspable. If this evaluation were to be redone, more coherent prototypes
would be used to make the comparison between ideas more fair.

Since the project focused on touchless interfaces, the time spent re ning the nal
prototypes’ hardware and physical appearance was limited. Much inspiration was
taken from Ascom’s previous products, both in terms of physical appearance and
also the graphical interfaces on Myco Main. This decision was made to ensure visual
coherence with the existing products and to dedicate more time to the touchless
interfaces instead. Myco Main had several similarities with the previous Ascom
smartphone, Myco 2, with the main one being the top display. Since interviews and
evaluations took place at a medical department that previously used Myco 2, it is
unsurprising that the prototype resulted in a similar device. It became clear that
the healthcare workers in this department missed the top display, which in uenced
their opinions and responses about the prototypes. While other visited departments
did not express a need for a top display, likely because they had not previously used
one, it can be implied that it would also bene t them. This conclusion is drawn
from their tendency to check the displays in the corridors when hearing an alert,
proving that visual information is important.

8.2 Bene ts & drawbacks of touchless interfaces

The nal prototypes incorporate both voice user interfaces and gesture-based inter-
faces. During the development of the prototypes, it was discussed whether gestures
should be excluded or not due to the challenges that became apparent as time went
on. One of these was that to be able to perform hand gestures, the hands need
to be unoccupied, which may not always be the case. It also became clear during
testing that knowing where and how far away to hold the hand so the camera could
recognise the gestures was challenging. Furthermore, the clothes could be a limiting
factor. If the device is carried attached to the pockets, the camera can point in un-
wanted directions due to them being quite loose, which could complicate the use of
gestures. Using gestures is also less commonly used today and demands more learn-
ing than voice control. One bene t of gestures is the possibility of the interaction
being completely silent. For example, if a healthcare worker is in the middle of a
conversation, it may not be suitable to disrupt to make a voice command. In those
types of situations, using gestures could be very bene cial. However, the device
needs to provide proper feedback to show the user that the interaction was inter-
preted correctly. For this, auditory feedback serves as a viable alternative, but this
makes the interaction no longer silent. This limitation becomes especially noticeable
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on Myco Mini, which has limited visual output and consequently requires auditory
feedback.

When discussing the bene ts and drawbacks of gestures with the mentors at As-
com, they suggested incorporating them into our prototypes. Providing gestures,
in addition to voice control, would support a wider range of users, allowing them
to choose their preferred interface type. The selected gestures were static, where
one hand was held in a speci ¢ position in front of the device. We discussed using
moving gestures and believed that this could be a better solution for making the
gesture less obvious to observers. Due to technical limitations and the risk of other
unintentional movements being recognised as gestures, they were not selected.

Much time during the development of the prototypes was dedicated to discussing
which features should be available to use with touchless interfaces. Since this project
focused on exploring touchless interfaces, we wanted to incorporate them into our
prototypes. Although, it was most important to ensure that the interactions that
would take place would be clear and understood by the users. Since the prototype
would be used in life-or-death situations, the impact of any misunderstandings or
errors in interaction could be critical. When a healthcare worker chooses to accept
an alert, it is crucial that they understand which alert they have accepted and that
they receive proper feedback that the action was registered. Otherwise, if a user
accepts an alert by accident, it would lead to other workers not receiving the alert
and possibly jeopardising the safety of a patient. Since multiple alerts can be active
simultaneously, it can be challenging for the user to manage these in a completely
touchless manner. It may be di cult or time-consuming to ensure that the correct
alert is being interacted with, especially with no visual output. With this in mind,
it was discussed whether users should be allowed to accept alerts in a touchless
manner. Ultimately, the decision was made that it should be allowed, but the user
needs to be able to give speci cations about the alert that limits the potential of
errors. For example, if multiple alerts are pending, the user needs to specify the
alert they accept by saying the room number or other distinct data. Given our aim
to minimise the number of gestures to lower the cognitive load, providing this data
using gestures would be challenging. Therefore, gestures were excluded from the
acceptance process, requiring users to provide the necessary information verbally or
use the touchscreens to accept.

8.3 Validation & generalisation

This project addresses a wicked problem, and one characteristic of wicked problems
is that there is no stopping rule (Rittel & Webber, 1973). This means there is a lack
of clear signals of when the solution is nal, and instead, the attempt to solve the
problem is stopped due to external factors, which in our case is that the time ran
out. Our project succeeded in identifying challenges and needs, but there is a high
probability that additional user studies would result in an even better solution. It
cannot, with certainty, be said that the requirements would support a useful solution
for departments other than those visited. Additionally, to increase the validity, the

83



8. Discussion

user studies could include additional visits to the same department types since the
organisation can vary considerably between departments of the same type.

Both evaluations with users were conducted at the medical department. This deci-
sion was based on the assumption that they would understand the usage faster since
the prototypes implemented the same alert system as they were used to. The validity
of the evaluation results is limited to similar departments, and further evaluations
are needed to assess the usefulness of the solution in other departments. The low
number of participants is another aspect that a ects the validity of the evaluation
results. The evaluations were conducted simultaneously as the participants worked,
meaning only healthcare workers the department could spare without compromising
patient care were available.

Many of the gathered insights originated from stories the healthcare workers told
rather than from observations. As mentioned in Section 4.3.1, observations some-
times cover an event more accurately. However, much timing would be needed to
observe these challenges, particularly in the emergency departments where the work
tasks of a day are very unpredictable. For example, to observe the insight from the
emergency department that resulted in P8, we would rst need to time an emergency
situation. Then, the doctor would need to perform a task that requires both hands
simultaneously as they need to call a consultant due to lack of speci ¢ knowledge.

The project focused relatively little on the patients’ experience. Interacting with
patients during user studies would be ethically challenging since they are in a vul-
nerable position. Instead, the healthcare workers were asked about their assump-
tions of how patients would experience the touchless interactions. This data does
not have high validity since it is based on healthcare workers’ previous experience
with patients. The primary source needs to be approached to increase the valid-
ity. Preferably in the real hospital setting and while demonstrating the interactions,
since the human’s ability to imagine a situation can be limited.

The user studies did not exclusively focus on how Ascom products were used, except
for the visit to the medical department, but rather on healthcare workers’ interac-
tion with communication devices in general. Therefore, most requirements apply to
other companies that sell communication systems and devices for hospitals. How-
ever, some of the requirements regarding alert functionalities are written according
to the actions, accept and reject, that Ascom uses in their system. Parts of the re-
quirements could possibly be used to develop hospital equipment utilising touchless
interfaces that are not communication-related. In that case, requirements about so-
cial aspects and touchless interfaces could be helpful, while requirements regarding
communication functionalities would not be. Ascom also provides communication
solutions to other industries, and segments of the requirements may apply to these.
Nevertheless, the contexts of the other industries are very di erent from the context
the requirements support. Therefore, signi cant changes would be needed.
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8.4 Ethical considerations

Ethical considerations have been part of this project and have in uenced our ap-
proach in several ways. Early on, the decision was made not to include the patient
perspective in the research as previously discussed. The main reason for this was
the vulnerable situation that patients can be in and the ethical dilemmas that come
with that. To tackle this issue, user studies of former patients could have been
conducted. However, this approach may not have accurately portrayed the actual
situation, since it could be challenging to simulate the vulnerability. Additionally,
the patients’ memories regarding the healthcare workers’ communication devices
may be limited.

To ensure ethical compliance during the user studies, the interviewees were provided
with information about the study beforehand to ensure that they were fully informed
about its purpose. They were also made aware of what the collected data would
be used for and assured that they could withdraw from the study at any time.
Additionally, the names of all interviewees and hospitals have been anonymised. To
ensure anonymity, no recordings of interviews or photos of the hospitals were taken.

Another ethical consideration was deciding not to in uence the healthcare workers
about what action to choose when responding to alerts. The worker can choose to
either accept or reject an alert, and it is their choice to make this decision based
on the situation along with their experience and knowledge. The interface will not
nudge the worker to accept alerts since that will not always be the best option. For
example, the voice user interface does not speci cally ask the user to accept an alert
after providing information about it. With this topic in mind, another potential
ethical issue can be discussed. Could an interface that simpli es the actions of
rejecting alerts and declining calls lead to healthcare workers choosing to do these
actions more frequently? Consequently, leading to prolonged wait times for patients
before receiving assistance? In the current situation, the persistent sounds emitted
by mobile devices a ect the work environment negatively. However, these sounds
may also prompt healthcare workers to respond directly in order to silence them.
Nonetheless, by simplifying the action of rejection, the alert can be redirected to
another colleague who is available, resulting in the patient receiving quicker help.
Maintaining a quiet and undisturbed environment is also essential for healthcare
workers to perform their tasks e ectively. Therefore, we believe that by integrating
touchless interfaces, patient care can be optimised, ultimately enhancing the overall
experience for both healthcare workers and patients.

8.5 Future work

The results from this thesis should be seen as the rst iteration of exploring touch-
less interfaces in communication devices for healthcare workers. Even though the
results are promising, they represent only a starting point in addressing the com-
plex needs and challenges faced in healthcare environments. Continued research will
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be necessary to expand upon these initial insights, ultimately leading to solutions
that support healthcare workers. Further exploration of gestures is recommended,
speci cally considering the type of gestures and the technology used to interpret
them. As previously discussed, challenges have emerged during the development of
the gesture-based interface, which should be investigated further.

The decision to incorporate voice user interfaces was obvious early on since it sup-
ports many usage situations. However, one aspect that remains unexplored is how
the voice user interface is a ected by having multiple devices in the same area.
Drawing from our prior experiences with similar interfaces, we have encountered
instances where multiple devices register a single voice command despite it being
directed at only one device. This issue could potentially arise in hospitals, where
there would be multiple users of these devices. Therefore, limiting the range of the
device’s voice detection may be needed. However, this solution may require the
users to wear the devices closer to their mouth for accurate interpretation, which
may not align with their preferred positioning of the device. Another aspect that
would be interesting to explore is how well the voice user interface can interpret dif-
ferent accents. It is important that people with di erent accents can use the device
to ensure usability across a wide range of users.

During the last evaluation with healthcare workers, a discussion took place regarding
how an alert should be presented. The two di erent options discussed were earcons
and spoken words. In the nal prototypes, upon alert activation, a signal is initially
emitted, after which the user must request spoken information about the alert if
they desire to know more. An alternative approach would be to have the spoken
information come automatically when the alert is triggered. The choice to only use
earcons was made so that the device avoids disturbing the user by talking to them
in unwanted situations. We were interested in knowing if this would be an issue,
thereby discussing it during the evaluation. In most cases, the participants did not
believe it would be an issue and consequently leaned towards having the spoken alerts
automatically. However, they expressed uncertainty about this decision, making it
essential to investigate further in future iterations.

Additionally, it would be interesting to look into the personality of the voice user
interface. For instance, should the device be able to make suggestions on what alert
to accept rst and to remind the worker to do speci c tasks, or should it remain in the
background and only speak when spoken to? As previously discussed, investigating
the patient’s perspective on the use of touchless interfaces would also be interesting
for future work. The reason for this is to ensure the usefulness of the interface in the
correct context since a good patient experience is important for proper care. Before
a new device can be released to the healthcare domain, extensive clinical testing
needs to be performed to ensure safety and proper functionality. Therefore, this
step is crucial for the future work of these touchless interfaces.
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Conclusion

This thesis was in collaboration with the company Ascom and explored how touchless
interfaces could facilitate healthcare workers’ work ow by integrating them into their
communication devices. The thesis aimed to answer the following research question:

What should be considered when designing touchless interfaces to
support healthcare workers when communicating on a mobile device?

An iterative design thinking process was followed to address the research question,
and it included the stages: empathise, de ne, ideate, prototype and test. Due to the
complex and unfamiliar context of use, user studies were crucial to understanding
the challenges and needs. Therefore, interviews and observations were conducted at

ve visits to hospital departments. These user studies resulted in 12 problem areas,
summarising the identi ed situations that could possibly be improved by integrating
touchless interfaces. Three overarching themes could be identi ed in the problem
areas: following hygiene routines, being physically constrained, and work ow devia-
tions. Thereafter, 64 requirements for ten problem areas were formulated based on
the results from the user studies and the literature review (see Section 7.2). The
requirements were divided into the following types:

Hardware

Social aspects

General functionalities
Alert functionalities
Call functionalities
Usability

\Voice user interface
Gesture-based interface

The purpose of the requirements was to support designers when integrating touch-
less interfaces in hospital communication devices. The recommended touchless in-
terfaces for hospital communication devices are voice and gesture-based. Ideas were
brainstormed and prototyped to exemplify how these requirements could be imple-
mented. The prototypes were also used during evaluations with users to gain further
insights about users’ attitudes and needs. The last prototype iteration resulted in
two communication devices named Myco Main and Myco Mini. Main is intended
to be used independently, while Mini should be carried with a smartphone. In the
last evaluation, the participants were optimistic about the voice user interface as a
support in their work. Although, there were concerns regarding the usefulness of
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the gesture-based interface (see Section 6.8).

Additional user studies should be conducted to ensure that the requirements support
more types of hospital departments. Moreover, the healthcare workers’ attitude to-
wards gesture-based interfaces needs to be further explored, along with the appropri-
ateness of static versus motion gestures. This study also needs to be supplemented
by the patient’s perspective on the use of touchless interfaces. In summary, this
thesis can be seen as a successful starting point in understanding how to integrate
touchless interfaces in hospital communication devices.
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Figure A.8: Interaction ow for managing incoming alerts in Myco Mini.
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