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Executive
summary

In the Intensive Care Units (ICU)
patients are exposed to many,
continuous and highly stressors,
such as medical alarms, which
contribute to the development

of psychological issues, such as
delirium, anxiety disorders and
post-traumatic stress disorders
(PTSD). These psychological is-
sues have a negative influence on
the patients’ healing process and
dramatically reduce the quality of
life during and after ICU.

Medical alarms are meaningful si-
gnals that inform nurses and lead
them to properly act to attend
patients’ basic needs and medical
treatments.

However, medical alarms are

not meant for patients who lack
resources to cope with them. Due
to their ambiguity, alarms are per-
ceived as a threat, and appraised
as dangerous by patients.

Nurses are the main resource for
patients to cope with such a thre-
at. Nurses have the information
needed by patients to reduce their
uncertainty and stress provoked
by such a stressor; therefore,

lack of support contributes to the

risks of developing psychological
issues.

Designing solutions that aim to
reduce the risks of developing
psychological disorders during the
period of hospitalization in the
ICU is necessary to facilitate the
people healing process and to gua-
rantee them an improved quality
of life during and after such an
experience.

Overcome is a feedback interfa-
ce designed to enable nurses to
communicate by a distance with
patients to reduce the risks of
developing a state of anxiety when
a medical alarm goes off.

Through the provision of fee-
dback, Overcome informs patients
about the nurses’ decisions over
medical alarms while they are ap-
proaching the room thus restoring
the perceived sense of safety.

This report reveals insights into
the experience of ICU nurse and
(former) patients with medical
alarms in the ICU and focuses on
the patients’ cognitive process,
as well as on the nurse-patient
interactions.
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introduction

Since my bachelor, I have been always inte-
rested in the topic of Ergonomics and how to
design solutions that improve users’ experien-
ce when interacting with everyday products.
Apply ergonomics principles into my projects
taught me that Design is a discipline that
requires a balance between creativity and te-
chnical knowledge. During that journey, I have
strictly focused on people’s physiological well-
being, such as understanding how to improve
the position people hold their bodies when sit
or read.

This interest has led me to want to know more
about the aforementioned topic with the intent
to become a Designer for Health.

The Master of Science in Design for Interaction
gave me that opportunity. What I have learned
during this journey went over my expectations,
especially when I decided to take the speciali-
zation in Medisign. In the last two years, I had
the opportunity to explore the topics related

to psychological well-being and learning how
to approach a problem starting from the study
of users’ needs in a specific context to design
products that are relevant to them.

At the end of my first Master year in TU Delft,
I started to collaborate as a student intern in a
project cooperated by the Critical Alarms Lab
(Tu Delft) and the Department of Intensive
Care of the Erasmus MC (Rotterdam). During
that experience, I studied the problem of sleep
disruption in ICU patients and its relationship
with the sound-producing events (SPEs). That
study put me inside the intensive care, a chal-
lenging environment where people fight, with
the support of professionals and loved ones, to
survive.

What I have seen inside that rooms is so-
mething that it is difficult to describe because
what a person can become in a matter of se-
conds after an accident or a disease is profoun-
dly touching and it is truly comprehensible
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only by those that live such an experience, such
as patients, family members, friends or heal-
theare professionals.

Being an ICU patient means becoming de-
pendent by others, it is like being a working
mind inside a broken body: you can see what’s
happening, but you cannot do anything to help
yourself except submit to the events and hope
that one day you will return back to your life as
you used to be.

Being in close contact with the patients and
observing them in their everyday life inside

the ICU led me to want to know more about
how they feel, especially when exposed to those
stressors, such as medical alarms, that make
their experience even more miserable.

Thus, I started to develop an interest in the
study of the ICU patients emotional reactions
to the SPEs, and, with my tutors, we redefined
my assignment:

Monitoring emotional well-
being in the Intensive Care
Unit (ICU):
Emotional
implications of sound-produ-
cing events (SPEs) on non-se-
dated patients.

A first investigation into the emo-
tional experience of non-sedated
ICU patients elicited by sound-pro-
ducing events with a focus on pa-
tient sleep.

I concluded my internship showing
that medical alarms, the way how
professionals respond to them and
the way how they interact with
patients are factors that contribute
to the development of high levels

of stress and they can facilitate the
development of psychological issues,
such as anxiety disorders.

With this conclusion, I decided to de-
dicate my Graduation Project in the
study of this problem with the aim to
develop a solution that could prevent
the development of a state of anxiety
when a medical alarm goes off.

1.1 | Problem definition

In the Intensive Care Units
(ICUs), medical alarms can act as
stressors. Stressors are potential
threats that only result in stress
if people cognitively appraise
them as threats that exceed their
resources [1]. The stress that
medical alarms cause can lead to a
range of psychological discomfort
raging from anxiety and delirium
in the ICU or post-traumatic
stress disorders (PTSD) after
discharge.

To reduce the risks of developing
these psychological issues, is it
necessary to provide patients with
proper and timely support when
stressful events occur.

The “unpredictable transition
between silence and disturbing
sounds do not create a healing
environment for the critically

ill patient but create stress” [2].
When they occur, medical alarms
startle patients who make a tran-
sition from a state of quiet to an
unpredictable state of stress.

Patients are not educated to inter-
pret alarms nor they can control
them, but only submit. Lack

of control, understanding, and
support lead them to perceive all
the alarms as threats and apprai-
se them as dangerous. Allowing
patients to positively reframe the
medical alarms calm them down
and restore comfort.

Interactions with nurses, which
implies verbal and non-verbal
communication, help patients to
cope with the alarms and reduce
stress levels and anxiety. Nurses
are the main resource for patients
to cope with such a threat because
they have the information nee-
ded by patients to reduce their
uncertainty and stress provoked
by such a stressor [3]. However,
such human-human interactions
are not always possible due to
obstacles in alarm management or
nurses’ difficulties in recognition
of and fatigue in relation to medi-
cal alarms [4]. As a result, nurses
can delay their responses leaving
patients exposed to medical alar-
ms longer than expected.

Lack of control, understanding,
and support can lead patients

to the uncertainty of surviving
especially when waiting for the
arrival of a nurse. Waiting time
increases uncertainty on patients
regarding their safety: the more

a patient wait for the arrival of

a nurse, the less they perceive
themselves safe. When waiting is
longer than expected, patients can
start to doubt whether nurses are
aware of the alarm and if they are
monitoring them.

To restore the perceived sense of
safety, patients need to know what
is happening. While waiting, pa-
tients wonder if the alarm is indi-
cating a life-threatening situation

and whether a nurse will arrive to
check. Being oblivious of such a
situation adds stress and facilita-
tes the development of anxiety.

Patients can experience such
situations many times, especially
if considered that false alarms,
which are more frequent in the
ICUs, “lead to reduced attention
or response to alarms in nurses”

[4].

Timely acknowledging patients
when a medical alarm goes off
could calm patients down. It mi-
ght benefit their healing process,
as well as mental health.

Overcome gives nurses the op-
portunity to support timely and
continuously their patients by

a distance. Through the provi-
sion of feedback, patients are
passively involved in the nurses’
decision-making process when

a medical alarm goes off, thus
nurses can calm them down while
waiting for their arrival.
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1.2 | Previously at the EMC

Figure 1. Erasmus Mc, Rotterdam.

During my internship at the Era-
smus Medical Center - EMC (Fi-
gure 1) an observational study was
performed to record the actions
and behaviours of ICU pantients
and nurses in relation to Sounds
Producing Events (SPEs), alarms,
human-human interactions and
human-environment interactions.

During this study, I determined
the prevalence of emotions and
behaviours, measured the typolo-
gy of SPEs and detect the changes
of three ICU patients vitals signs.
The observations were made
being ‘a fly on the wall’ without
disturbing, influencing or altering
the environment or the patients
and nurses in any way.

Three non-sedated ICU patients
were continuously observed for an

8-hour period each in three diffe-
rent work shift (morning, afterno-
on and night). Through a window
placed in the nurse monitoring
workstation, I was observing the
patient and collecting the data.
Attention was put on the study

of the psychological stress pro-
voked by sounds producing events
(SPEs) with a focus on patients
emotional reactions and sleep/
wake cycles.

Based on the top 5 anxiety indica-
tors [11] (agitation, increased blo-
od pressure, increased heart rate,
patients’ verbalization of anxiety,
and restlessness), to estimate pa-
tients emotional responses to the
SPEs, patients’ vital signs (blood
pressure - BP, heart rate - HR
and respiration rate - RR) were
collected, as well as facial expres-

Figure 2.
Patient Emotional Experience Map: causes
and effects of sudden SPEs.

A patient’s framework where the main
sudden SPEs and the respective emotional re-
actions are shown. This document provide an

overview of the patient’s emotional reactions
and a categorization of the more common
and influencing sudden SPEs that contribute
to the onset of psychological disorders in a
case of prolonged and constant exposure.

sions, to assess psychological
well-being.

As shown in Figure 2, in most

of the cases, especially when a
medical alarm went off, arousals
in vital signs and changes in facial
expressions were captured.

In addition, if asleep, patients
woke up. Then, arousals corre-
sponding to SPEs were viewed

as a representation of a state of
anxiety, considered as a result of a
reaction to stress.

It was concluded that ICU patien-
ts respond to SPEs with negative
emotional reactions and long
exposure to such unpleasant
emotions might contribute to low
psychological well-being. As a re-
sult, SPEs were defined as a cause

15

of sleep disruption and considered
as a source of stress and anxiety
as their occurrence interferes with
patient well-being.
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1.3 | EFCCNa research

priorities
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The importance of effective com-
munication has been acknowled-
ged as essential to reduce stress
and anxiety, especially with ICU
patients.

The topic has arisen interest on
an international level and it was
presented in a study conducted
by The European Federation of
Critical Care Nurses Associations
(EfCCNa).

The EfCCNa is a formal network
of critical care nursing associa-
tions in Europe, and has presen-
ted a list of the top 20 research
priorities of adult intensive care
nurses in 20 European countries,
including the Netherlands. These
priorities serve as a guide for
conducting research on the most
relevant issues related to ICU care

[10].

In the study, five different areas of
interventions have been identi-
fied: (1) patient safety issues; (2)
impact of evidence based practi-
ce on outcomes; (3) impact of
nursing workforce (numbers and
qualifications) on patient outco-
mes; (4) wellbeing of patients
and relatives; (5) impact of end-
of-life care on nursing staff and
practice.

One of the four topics, related to
patients and relatives wellbeing,
was scored in the top 5 intensive
care nursing priorities (3rd posi-

tion):

“Exploration of the ex-
tent of, and strategies to
reduce anxiety, fear and
stress of ICU patients”

The area of wellbeing of patients
and relatives is one of the more
dominant and includes topics
like psychological care (inclu-
ding anxiety, fear and stress) and
communication (patients and
relatives).

In light of these considerations,

it seems that the topic related to
anxiety and stress on ICU patients
needs more research and atten-
tion by healthcare professionals.

In this discussion, designers can
also participate with research
that improve the understanding
of the factors (contextual and
individual) that influence patients
wellbeing, such as the medical
alarms.

As a result, and in line with the
third priority proposed by the
EfCCNa, with my research, I want
to give my contribution on the
topic of the wellbeing of patients
and relatives by understanding
the relationship between anxiety
and medical alarms and develo-
ping a strategy/solution that could
help to reduce the anxiety of ICU
patient.

1.4 | Research areas

Person-

centered care

In Person-centered care patients
and members of their family are
seen as partners of healthcare
professionals. Clinicians are en-
couraged to keep patients infor-
med during the entire process of
care involving them in decisions
about their own care [7].

Patients involved in the deci-
sion-making process are empowe-
red because are giving them more
opportunities to understand their
problems and gain control over
their own situation. Collabora-
tion and communication between
patients and clinicians is essential
and considered key concepts in
person-centered care.

According to [8], “ the importance
of clear communication in a ti-
mely and understandable manner
to the person being treated and
their relatives, might support the
coping mechanism managing the
stressful surroundings and criti-
cally unstable situation”.

Also, “ineffective communication

and lack of information further
contribute to distress patients”

[9].

As a result, communication and
the provision of information
help patients to make sense of
their situation and to cope with
the stressful and demanding
experience they have to live with
during hospitalization.

Indeed, being able to understand
the reasons behind an event can
reduce stress, fear, and anxiety,
because people can cognitively
and emotionally process all the
possible outcomes in advance [8].

In this project, the person-cen-
tered care approach served to
understand the importance of
communication for patients’
psychological well-being and to
develop a tool that, by a distance,
could improve the nurse-patient
communication when a medical
alarm goes off.
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Human-

centered alarms

In the field of Audible
Alarm Design attention
is put on designing more
human-centered alarms
for “monitoring health
data and warning users
regarding out-of-limit
values and other condi-
tions for which alarms
might be appropriated”
[6].

A collaborative approach
in Critical Alarm Design
is proposed in [6] where
the “individual and
collaborative roles of the
different users in, and
their role in contributing
to, the future develop-
ment of audible alarms is
fundamental”.

The framework illustra-
tes a non-linear colla-
borative approach that
aims to “being inclusive
in decision making by ta-

Figure 3. Framework illustrating the holistic context of alarm
design, with stakeholders equally and simultaneously contribu-
ting to the development of future alarms and medical equipment
in living labs designated for critical alarms (Ozcan, Birdja and
Edworthy, 2018).

king a holistic view of the
alarm issues and emer-
ging technologies” [6].

In this project, the colla-
boration of the knowle-
dge institutes (TU Delft
and Erasmus MC) and
users (ICU nurses and
former ICU Patients)
was considered to un-
derstand how alarms are
managed by clinical staff
and perceived by users,
and to design a solution
that satisfies their needs.

Medical
alarms

While in 1983 about 6 types of
alarms from one patient were
reported, in 2011 about 40 types
of clinical alarms were recorded
[4], and between 85% and 99%
of alarms do not warrant clinical
intervention; but only an average
of 10% of alarms are seen reliable
by nurses [18].

According to [15], “ambient noise,
including alarms, in ICUs were
estimated to be more than 8o dB,
which is close to the noise level
generated by a pneumatic drill in
an operating room”.

Noise levels, resulting from more
than 40 different alarms of dif-
ferent monitoring systems [16],
can negatively impact the working
conditions of the medical staff and
causing stress to patients hospita-
lized in the ICU [17].

Alarm categorization
Although medical alarms are
intended to protect patients and

used as tool that help clinicians to
improve “the safety of patients” by
communicating information that
“requires a response or awareness
by the operator”[20], they have
instead led to many issues, such
as increased unit noise, alarm
fatigue, etc.

Medical alarms may follow a
hierarchical order in some me-
dical devices (e.g. physiological
monitor), such as crisis alarm
(detection of life-threatening
situations), system failure (de-
tection of life/threatening device
malfunction), warning alarm
(detection of imminent danger),
system warning (detection of
potential device malfunction), and
advisory alarm (detection of un-
safe situation), thus for clinicians
recognise them can be easier;
however, other devices (e.g. IV
infusion pump) do not follow such
an hierarchy, thus sounds can be
the same regardless of the situa-
tion that triggers an alarm [20].

19

According to the Association
Francaise de Normalisation (AF-
NOR) alarms can be classified into
three categories [60]:

«Les alarmes de priorite’ hau-

te - high priority alarms: which
indicate an emergency situation:
an immediate response from the
nursing staff is necessary to resol-
ve an immediately vital problem
for the patient;

« Les alarmes de priorite moyen-
ne - medium priority alarms:
which indicate a danger; prompt
response from caregivers is requi-
red;

« Les alarmse de priorite basse

- low priority alarms: which indi-
cate an alert level; the attention of
the nursing staff is necessary.

False alarms

Studies have shown that the rate
of false alarms is higher than
those who are clinically relevant
[24,19]. Up to 90% of all alarms in
critical care are false and, in many
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cases, they result from measure-
ment and movement artefacts [23,
24].

False alarms are the most proble-
matic factor in the ICUs that lead
clinicians to develop alarm fatigue
and which, as a consequence,
induce patients to experience
long waiting time when a medical
alarm goes off.

They are defined in [20] as
false-positive alarms and/or
clinically irrelevant alarms that
can compromise patients safety.
They do not represent a danger to
the patient but they may interfere
with patient care; these alarms
typically do not result from an
adverse patient condition, but
they come from medical devices
that cannot differently configured
to stop an alarm sounds when the
situation is neither important nor
urgent.

Nurses’ reaction time

The probability of a nurse to
respond directly to an alarm de-
pends on different factors (causes
of an alarm, its duration and the
characteristics of the patient)
which are take into consideration
when nurses decide which action
to take or whether is necessary
their intervention [20].

In a study conducted by [22] the
reaction time of the health care
team was measured, and from
the 82 alarms with responses, on
average, clinicians spend from

a minimum of 20 seconds to a
maximum of 5 minutes before re-
acting to an alarm. In addition, it
was shown that the most common
procedures performed by clini-
cians in responding to an alarm
were pause the alarms (36.84%
during the morning shift and
54.55% during night shift), adjust
the electrodes (28.95% during the
morning shift and 6.82% during
the night shift) and repositio-
ning of the pulse oximetry sen-
sor (5.26% during the morning
shift and 22.73% during the night
shift).

Alarm fatigue

Medical staff overexposed to
alarms may experience a decrease
in concentration, become careless,
and commits mistakes [21].
Overexposure may lead to de-
sensitization to alarms and may
cause nurses to improperly cope
with significant alarms that affect
patient’s safety [21].

According to [20], “alarm fati-
gue occur when the number of
alarms causes clinical staff to
become desensitized such that a
real event may be unrecognized or
ignored, or the speed with which
the caregiver reacts to an alarm is
hampered”.

Patients and alarms

Patients are exposed to many alar-
ms during a day ( an average of

1 alarm every 37 minutes - [23]).

Medical alarms overwhelm and
surround patients whose position
is central in relation to the sources
of these alarms.

Patients’ wellbeing is affected

by the alarms in two ways: (1)
directly, by increasing the number
of arousals, which may result in
sleep disruption and in high levels
of stress; (2) indirectly, by redu-
cing the degree of alertness of the
ICU staff whose exposure to high
number of clinically irrelevant
alarms may result in a reduction
of their clinical sensitivity of the
alarm system (alarm fatigue), in-
ducing patients in critical or even
life-threatening situations [19].
Therefore, patients are powerless
to the alarms and at the mercy of
the clinical staff.

Alarm ambiguity

For patients all the alarms are
important, and there are no dif-
ferences between a true or a false
alarm.

Medical alarms ambiguity is a
serious issues for ICU patients
well-being. Alarms have more
than one interpretation, explana-
tion or meaning for patients who
lack of the knowledge to properly
distinguish and interpret them.
The lack of understanding can
contribute to fear, stress and
anxiety as patients are unable to
properly appraise these auditory
stimuli.

Anxiety

Anxiety can be described
as a negative emotion
that people experience in
response to a potential
threat in an unfamiliar
situation which presents
unclear outcomes. These
unclear outcomes are,
for instance, due to lack
of experience and re-
sources which reduce an
individual’s capability to
properly appraise and
react to a threat. Indeed,
feeling that something is
wrong and not knowing
where the threat comes
from make people uncer-
tain which, as a result,
adversely affects their
wellbeing (e.g. increased
stress levels).

In such emotional con-
ditions, people start to
become vigilant and scan
their surroundings for
more information [27].

Trait Anxiety and State of Anxiety
The way how people emotional-
ly and physiologically react to a
medical alarm can vary between
individuals. Noise sensitivity, as
well as the personality can influ-
ence the way how patients look at
an alarm and how they approache
the problems.

About anxiety, it is necessary

to understand the differences
between trait anxiety and state of
anxiety.

Trait anxiety is the “tendency of a
person to experience anxiety” and
this depends on his/her person-
ality, or the tendency to “perceive
the world in a certain way and in
dispositions to react or behave in
a specific manner with predictable
regularity” [50].

With state of anxiety, we are
referring to the emotional and
physiological manifestations of
anxiety that a person shows when
he/she is subjected to a stressor.
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In [26], anxiety is defined as “fear of
the unknown, as disproportionate to
the threat involved, related to the fu-
ture”. At the Delft Institute of Positive
Design (DIoPD), anxiety is described
as a negative emotion experienced
by individuals as a response to an
ambiguous threat and defined as

the feeling when “You think about
bad things that could happen to you.
You are on guard, because you don’t
know what the threat is” [27].

An emotional state exists at “a
given moment in time and at a
particular level of intensity”[50].
In addition, anxiety states are
characterized by “subjective
feelings of tension, apprehension,
nervousness, and worry, and by
activation or arousal of the auto-
nomic nervous system” [50].

In this research, I did not take
into consideration the personality
(anxiety trait) of patients into ac-
count, but I focused on the emo-
tional and physiological manifes-
tation of anxiety (state of anxiety)
in relation to medical alarms.

Delirium

Delirium is a psychological issues
that limits the mental abilities of
patients and resulting in confused
thinking and reduced awareness
of the environment. Delirium can
take hours or a few days before
starting, and takes place during
the period of ICU stay.

This mental disorder can be
caused by many factors, such as
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chronic illness, infection, surgery,
drug intoxication, as well as the
exposure to medical alarms [28].

For a patient with delirium is
difficult to stay focused on a topic
or responding to questions or to
conversate. They usually have
poor memory and have difficulties
in understanding.

Consequences of anxiety and
stress

“Impairment in physical, cog-
nitive or mental health status
following treatment on an ICU”
is known as Post-intensive care
syndrome (PICS). Psychological
issues such as anxiety disorders?,
depression and post-traumatic
stress disorder? (PTSD) [31], are
the major psychological condi-
tions former patients experience
after ICU discharge. Unfortu-
nately, these issues have usually
long-term effects and they can
make difficult any activity, such
as sleeping, social interactions,
finding a job, etc.

Research suggests that acute
stress in the ICU may be “one of
the strongest patient risk factors
for poor psychological and cogni-
tive outcomes after intensive care”
[30]; therefore, it is important to
detect and minimise acute stress
where possible.

In general, depressive symptoms
occur in around 29% of survivors

at 3, 6 and 12 months post ICU
discharge, and it has been shown
that there is no correlation with
ICU length of stay or illness sever-

ity [31].

Interventions in the ICUs

To improve mental health and
facilitate rehabilitation, sever-

al strategies are employed in

the ICUs, as well as by external
organizations that support former
patients and their families.

Here, few examples: reduction of
pharmacological interventions
that instead keep patients uncon-
scious and facilitate the develop-
ment of psychological disorders;
ICU diary, which enables patients
to reconstruct a chronological
timeline from a fragmented mem-
ory [62]; psychological services,
such as follow-up care where
psychotherapists, counsellors

and follow-up nurses specialists
psychology support patients to
reduce the incidence of PTSD [30,
33]; protocols and guidelines to
improve healthcare staff perfor-
mance and skills in the interaction
with their patients [34].

Such interventions can improve
the overall patients experience [9]
and help in minimizing symptoms
of cognitive and mental disorders
[62]; indeed, according to [35],
state of anxiety management dur-
ing ICU treatment might contrib-

ute to reduce subsequent PTSD.

* Anxiety disorders

People with anxiety disorders frequently
is worried and scared. Anxiety disorders
involve feelings of intense anxiety, fear or

panic attacks [62].

*PTSD

Post-traumatic stress disorder is a mental
health condition and it is caused by a
traumatic event which, usually, have
been experienced in the past. Symptoms
may include flashbacks, nightmares and
severe anxiety, as well as uncontrollable

thoughts about the event [62].

Coping with

medical alarms

The Transactional Model of
Stress and Coping proposed

by Lazarous and Folkman (Fig.
4) was used as a framework to
describe the ICU patient’s experi-
ence with medical alarms.

According to [36], “psychological
stress is a particular relationship
between the person and the envi-
ronment that is appraised by the
person as taxing or exceeding his
or her resources and endangering
his or her well-being”.

The Model of Stress and Cop-
ing shows the cognitive process
people follow after being exposed
to an environmental stimuli, also
called stressors.

After sensing and filtering a
stimulus, people try to interpret it
(primary appraisal) and, based
on their perception, appraise the
stressor as positive, dangerous or
irrelevant. If the stressor is un-
known is usually perceived as

Environment

stimuli (stressors)

person

Primary Appraisal
interpretation of the stressors

dangerous irelevant

challenge
threat

ham/foss

Secondary Appraisal
is of the

Coping
overcoming of stress

problem-focused

Reappraisal
pacing and leaming

Figure 4. The Transactional Model of
Stress and Coping describes how stimuli
can be perceived by people. Depending on
a person’s appraisal of the stressor and
their available recourses to respond, they
can experience stress.
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a threat and appraised as danger-
ous. Not being able to interpret
the stressor nor identifying its
source are the reasons that can
lead people to such an evaluation.

During secondary appraisal, peo-
ple start to analyse their available
resources and, if the resources to
cope with the threat are sufficient,
the person will suddenly over-
come the stress, but if the resourc-
es are insufficient, people develop
stress.

To cope, people use two differ-
ent strategies: Emotion-focused
strategies, in which a person
decide to change the relation to
the stressor (e.g. self-controlling,
escape-avoidance, distracting,
etc.); and Problem-focused strat-
egies, in which people change the
situation itself (e.g. social support,
problem-solving skills).

Resources provide people with the
abilities to regulate their emo-
tional and physiological response
towards a stressor. Resources help
people to properly reappraising
the stimuli and, finally, calm
down.

“Adequate coping resources
are necessary to assist the
patient with adapting to
stressors in order to min-
imize stress levels in the

present situation” [1].

Coping with a medical alarm

is critical to safeguard patients
psychological well-being, and
good strategies can lead a patient
exposed to a medical alarm, in

a physiological and emotional
response-regulation.

In the ICUs, patients are constant-
ly exposed to many sensory stim-
uli which aggravate the feeling of
anxiety and affect or even induce
new health complications (e.g.
intensive care syndrome) pro-
longing the recovery process, and
which alters individuals’ mental
functions (e.g. confusion, disori-
entation, hallucinations) [7].

Noise-induced stress is a con-
dition that physically and emo-
tionally occurs when a person is
“unable to ignore, block out or
otherwise cope with the unwanted
sound” [29].

Normally, events induce people to
a physiological reaction called the
fight-or-flight response3 which
describes how human beings, as
well as animals, react to stress.
Unfortunately, the critical condi-
tions reduce the patients’ fight-or-
flight response.

Medical alarms, considered as
negative sources of influence, are
an example of sensory stimuli that

patients cannot solve or escape
from. The imbalance between
external demands and the indi-
vidual’s capability to cope with
such stressors leads to reduced
well-being, but can also result

in adverse stress reactions that
affect patients both physically and
mentally, for instance, resulting in
delirium [28].

3 Fight-or-flight response

When feeling threatened, our nervous
system physiologically prepares our body
to respond to the events by producing
hormones (e.g. testosterone, estrogens
and cortisol) which effect the way how
we react. People can have two types of
threat-responses: fight with the threat or
escape from the threat. The way how a
person reacts depends also on the resour-
ces he/she has to cope with the threat;
thus, the more are the resources, the

higher are the possibilities to succeed.

Social
support

Social support can
enhance patients’ abili-

ty to access new infor-
mation and to identify
and solve problems. The
provision of information
might help to reduce un-
certainty and help to pro-
duce desired outcomes.

“When people experience
stressors, having enhan-
ced individual or commu-
nity resources increases
the likelihood that stres-
sors will be handled or
coped with in a way that
reduces both short-term
and long-term adverse
health consequences”

[61].

Social support can be provided
by many types of people and in
two different kind of helping
networks: informal, such as

the support provided by family,
friends, co-workers or supervi-
sors; formal, such as health care
professionals.

“The effectiveness of the support
provided may depend on the
source of the support” [38]. In
medical care settings, “patients
often need emotional support
from family and friends and infor-
mational support from health care
professionals” [39].

The social network of ICU pa-
tient is composed by many social
relationships including different
professionals, family members
and friends.

Patients’ social relationships are
characterized by different func-
tions, such as social support and
companionship. In the case of this
project, we focused on the social
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relationship between ICU nurses
and patients.

Nurses are the main resources for
patients to cope with stressors,
including medical alarms; indeed,
they have the knowledge a patient
needs to cope with. The nurse-pa-
tient relationship is characterized
by many interactions and types of
supportive behaviours.

According to [38] social support
can be categorized into four types
of supportive behaviours:

1. Emotional support, or the pro-
vision of empathy, love, trust, and
caring.

2. Instrumental support, or the
provision of tangible aid and ser-
vices that directly assist a person
in need.

3. Informational support, or the
provision of advice, suggestions,
and information that a person can
use to address problems.

4. Appraisal support, or the pro-
vision of information that is useful
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for self-evaluation purposes - such
as constructive feedback and
affirmation.

In this project, I analysed the
nurses supportive behaviours
towards a patients to understand
how they help patients coping
with an alarm. I focused on verbal
and non-verbal communication
considering the content and the
way how nurses convey to patients
the information needed to cope.

ICU Patients’ social network
At the ICUs, many professionals
are involved in the care of patients
providing the needed support

to help in the recovering pro-

cess. Family members, as well as
friends, also are included in this
network providing o their loved
ones with emotional support (Fig.

5).

Nurses, who principal role is to
execute the treatments, are the
caregivers that spend more time
in contact with patients; physi-
cians (intensivists, specialists,
etc.) are those that visit patients
and determine their medical
treatment; physiotherapists,
dietician, pharmacist, etc., are
the professionals that support
nurses and physician with specific
treatments; cleaning staff, techni-
cians, etc. are those who, instead,
support the treatment logistically.
The team is led by an operational
manager or team leader.

nurses

ree

physicians

technicians 0\

family members

physiotherapists

Figure 5. Patients’ social network. The figure shows the people patients the most
interact with during the period of hospitalization. Nurses and family members, as well
as friends, are the people closest to patients and who the most provide support in the
case of medical alarms. The links between the different users inside the social network
are also shown; for instance, physicians’ decisions affect both nurses and physiotherapi-
sts interactions with patients. Finally, between these users, such as family members and
physicians, there are other levels of interactions which are not shown here.

The type and amount of profes-
sionals (as well as medical devic-
es) required and involved for the
treatments of a patient depends
on his/her diagnosis.

In addition, it is expected that the
ratio nurse-patient is a nurse each
two patients, but during the less
busy shift, such as evening and
night, this ratio can change and
nurses can have the responsibility
to take care of more than one or
two patients because the number
of professionals required during
that work shift is reduced com-
pared to the morning one.

Theory of interpersonal
relationship

The theory of Interpersonal
relationship is a representation
of how the interaction between
the nurse and the patient should
occur.

The model describes how “the
nurse-patient relationship can
facilitate the identification and
accomplishment of therapeutic
goals to enhance patients well-be-

ing” [3].

According to this model, the
achievement of these goals is

achieved through the use of “a

series of steps following a series of

patterns” [3].

The four sequential phases (Fig.
6) are:

(1) orientation, the phase directed

by the nurse and involves engag-
ing the patient in treatment, pro-
viding explanations and informa-
tion, and answering questions;
(2) identification phase that
begins when the patient works
interdependently with the nurse,
expresses feelings, and begins to
feel stronger;

(3) exploitation, is the phase

when the patient makes full use of

the services offered;

(4) resolution, or the phase when
the relationship ends because the
patient no longer needs pro-
fessional services and gives up
dependent behaviour.

Through this phases, the nurse
and the patient should work
together so both become “mature
and knowledgeable in the pro-

cess” [3].

Nurses are a fundamental re-
source for the patient since their
presence contributes to reducing
potential stress factors and coping
constraints, maximizing coping
resources and facilitating coping

strategies to limit the physiologi-
cal and psychological deleterious
effects of the stress in critically ill
patients [1].

Nurses are resource persons who
have the information to convey to
patients. Patients need this infor-
mation especially in an unfamiliar
environment, where such infor-
mation reduces uncertainty and
stress [3].

The interactions between these
users occur through verbal and
non-verbl communication.
Differences in interactions, how
the nurses are responding on the

Orientation Identification Exploitation Resolution
L J L ] ®
How do we orientate patients about How do we help patients to identify How do we help patients to cope with How do we assure that patients are
medical alarms? medical alarms? medical alarms? comforted?

Figure 6. Peplau’s model of interpersonal relationship. The figure is a representation of the Peplau’s model. This model was
adopted during the design phase as a framework for investigating the interactions between nurses and patients when a medical
alarm goes off. The four phases are shown with the respective questions asked to nurses in the investigation.
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alarms and how nurses commu-
nicate with the patients have an
influence on patients psychologi-
cal well-being.

Studying how nurses communi-
cate with patients by considering
the verbal and non-verbal levels
of communication is considered
fundamental, because is through
this interaction that patients learn
how to interpret and cope with
medical alarms.

Levels of communication
Patients’ learning process regard
the medical alarms is based on
observing the nurses in action and
listening to their explanations.
Communication between nurses
and patients can be referred as
interpersonal communication,

or a face-to-face communication.
Interpersonal communication de-
scribes a communication among
two or more people which implies
verbal and non-verbal modes of
communication. Such commu-
nication is important especially
because gives nurses the opportu-
nities to gather information from
patients , teach patients about
their health issues, and to explain
care and to provide comfort and

support [3].

Communication (Fig. 7) can
happen in a verbal level, which
consist of the content of the
message or what users say; and on

a physical level which represent employed to facilitate communi-

how users convey a message. cation, such as touching, repeat-

These levels of communication ing and paraphrasing a message,

are interdependent, as each level acknowledging a patient, giving

affects the other. information, clarifying time or
sequences of a procedure, sum-

Verbal communication includes marizing and planning, etc.

the person’s selection of words

which can evoke different images,

memories, and meaning for dif-

ferent people and their selection is

critical to provide people a defined

understanding of the content of a

message. Physical communication

includes eyes contact, gestures,

movements, posture, facial ex-

pressions, etc.

Communication includes also
other levels, such as the auditory
level which refers to the sound of
people voice, the tone, volume and
speed. Emotional level includes
the emotional states of the person
who is delivering a message and it
affects what people communicate
and how the message is interpret-
ed by the recipient. Energetic lev-
el includes unseen factors, such as
a person’s level of consciousness,
the frequency of the message, etc.
Nurses must consider all the
levels of communication in a way
that benefit their patients. For in-
stance, to be more effective, nurs-
es should introduce an element
of empathy to assess and modify
their behaviour and providing
information.

Different techniques can be

1.5 | Research questions

How do nurses support

patients when a medical

alarm goes off?

How do medical alarms
contribute to the develop-

ment of a state of anxiety?

What do ICU patients think

about medical alarms?

How do ICU patients and

nurses experience medical

alarms when they go off?

How can design contribute

to reducing the risks to de-
velop a state of anxiety on
ICU patients when a medi-

cal alarm goes off?
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1.6 | Project approach

01. Researching the problem

Ethics (HREC)
TuDelft

) DISCOVER

How do ICU patients and nurses expen-
ence medical alarms when they go off?

02. Discovering users’ needs

03. Designing the Overcome’s Ul 04. Evaluating the design

DEFINE 9 DEVELOP DELIVER

s T U AL s/

A

How do nurses support patients when a
medical alarm goes off?

How can design contribute to reducing the risks to develop a state of anxiety on
ICU patients when a medical alarm goes off?

Figure 8. The project approach. Inspired by the the “Double Diamond Design Process”, the figure shows how the research was
executed and with attention to the different phases and research questions. Numbers on pictures are related to the number of users

involved in each respective activity.

For this project, the design brief
has been formulated as:

“Develop a preventive
measure that calms ICU
patients when they are
exposed to medical alarms.
Design an interactive tool
as an interface between
nurses and patients to
complement nurses’ need
for communication and pa-
tients’ need for understand-
ing the meanings of medical
alarms”.

To reach this goal, the context
of use was researched by using a
User-Centered Design approach.

Contextmapping was employed
as a method to gather informa-
tion about the ICU nurses and
(former) patients’ experience with
medical alarms.

Outcomes from the fieldwork
research and literature research
led to a clear understanding of the
problem and the definition of the
design concept.

In the design phase, co-creative

sessions with ICU nurses helped
to define the content and qualities
of the design leading to the crea-
tion of a prototype.

Finally, the design was evaluated
with potential users in two steps
and recommendations for further
development formulated.

Researching the problem
This phase was focused on under-
standing the impact of medical
alarms on ICU patients’ psycho-
logical well-being.

Knowledge was gathered by a
previous observational study
conducted at the Erasmus MC as
a student intern and by literature
research. The research helped to
identify a model that was used to
analyze the cognitive process of
patients in coping with medical
alarms.

In addition, in this phase, re-
search on the interactions be-
tween nurses and patients was
conducted to understand how
nurses’ support influences pa-
tients’ reactions to a medical
alarm.

S
N
5

Discovering users’ needs

By applying the contextmapping
method, an understanding of the
contextual factors that influence
the behaviours and opinions on
medical alarms in ICU nurses and
(former) patients was reached and
by involving real users.

The meanings users attribute to
medical alarms and the emotions
they arouse were investigated, as
well as the interactions between
nurses and patients in coping with
medical alarms.

Insights into the experience of
ICU nurses and (former) patients
provided an understanding of
the factors that cause a state of
anxiety in patients when exposed
to medical alarms, and an under-
standing of the factors that affect
nurses’ response time to medical
alarms.

Outcomes from this re-
search-phase led to the definition
of the design goal and design
directions.

Designing the Overcome’s
feedback interface

The outcomes were presented and
discussed with ICU nurses in two
different co-creation sessions.

In one session, the more effec-
tive strategies used to reduce the
anxiety evoked by medical alarms
on patients were discussed with

a group of 24 ICU nurses at the
EMC. In another session, I partic-

ipated as a nurse to the activities
of ICU nurses at the EMC where
a role-playing activity was per-
formed to test a concept.

Outcomes from these activities
helped me to establish a design
direction and define the concept,
as well as the design qualities of
Overcome.

This phase guided me to the
development of a first prototype
which was tested over the Internet
with two different groups of users,
former ICU patients, and the gen-
eral population.

Evaluating the design

In this phase, the Overcome
concept was improved and digi-
tally implemented into a Virtual
Reality (VR) environment repro-
ducing the ICU patients’ room.

A Between-Groups experiment
design was then performed where
participants were divided into two
groups to test the prototype on
usability and in anxiety reduction.
Outcomes led to recommenda-
tions for further research.
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1.7 | Involved parties

The project was developed in collaboration with different parties that served as support and facilitators.

Critical
Alarms Lab

The Critical Alarms Lab (CAL) is
a Delft Design Lab of the faculty

in Industrial Design Engineering
(IDE), Tu Delft.

The aim of the lab is to “shape the
future of alarms and soundscapes
in socio-technonlogical environ-
ments”.

]
TUDelft

At the CAL, and within the Silent
ICU project in collaboration with
the Department of Intensive

care at the Erasmus MC (EMC),
researchers and healthcare
professionals are trying to figure
out how to reduce the amount of
sounds inside the ICU to make it a
calm environment for the patients
and clinical staff.

Connect

w €Morma ig) IC

patidntén én nada

The IC connect is a patients’ or-
ganization for (former) IC patients
and family members. The aim of
the organization is to help pa-
tients and loved ones during and
after the period of hospitalization
in ICU. Former patients, as well
as family members, friends and
healthcare professionals monthly
meet to help people through the
intense time during or after an

intensive care admission.

Collaborating with the organiza-
tion was fundamental for the de-
velopment of this project. Former
patients provided their support
through all the process discussing
the problems under study and
providing me the knowledge I
needed to understand and empa-
thise with the patients in the ICU.

Erasmus MC

University Medical Center Rotterdam

With this project, the contribu-
tion to the CAL and the EMC is to
develop a preventive measure that
helps to mitigate the detrimental
impact that medical alarms have
during the ICU experience in pa-
tients’ psychological well-being.

\RELN S

The VR Zone Lab is a Virtual
Reality lab located at the TU Delft
Library. The aim of the VR Zone
is to help students, lecturers and
researches in using, building and
exploring VR in education and
research. In this project, the
support of the VR Zone Lab was
important for the develoment of a
virtual ICU room which I used to
evaluate my design.




Chapter 2

In this chapter, a description of  is based on research conducted
the ICU environment is provi- about the experience of ICU pa-
ded and with attention to the tients reported in the literature,
Departmentof Adult Intensive my own observations and on
Care at the Erasmus MC. what nurses and patients have
” taught me during this journey.

Ab overview of the patients’ You will be invited to unagine

room, medical devices is given. yourself as being in critically ill
In addition, an understanding _conditions inside an ICU.
of the ICU patients popilationis
o
offered. i

In an attempt to help the reader
better empathize with an ICU
patient, at the end of this chap-
ter, a detailed description of
what being critically ill means
will be offered. The deseription
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Intensive care

2.1 The ICU environment

The intensive care is a department in the hos-
pitals where patients are in critically ill condi-
tions and more vulnerable than other hospital-
ized patients.

The physical environment in the ICUs is not
designed or built to protect the patients from
the disturbing sounds, but to meet the needs
of the staff and hygienic requirements. As a
result, noise becomes the norm for patient care
in the ICU while quiet remains the exception
[2].

ICUs provide critically ill patients with con-
tinuous care over a 24-hour time span. Close
monitoring, equipment and medications in
order to ensure normal bodily functions are
major parts of critical care, as well as special-
ists and family members who provide social
support.

ICUs are stressful environment because
patients are not only critically ill, but also
exposed to a wide range of stressors, includ-
ing invasive treatments, pain, threat of death,
insufficient sleep, noise, loss of interaction with
family and friends.

Erasmus MC

The Erasmus Medical Center (EMC) in Rot-
terdam has two ICUs placed in two different
floors, the general Adult ICU (4th floor) and an
optional independent Cardiac ICU (6th floor),
called Intensive Cardiac Care Unit (ICCU). In
addition, while the general Adult ICU provides
rooms for a total of 38 beds, the ICCU has a
total number of 18 beds.

Nurses’ stations

The ICUs at the EMC are equipped with de-
centralized nurse stations (DNSs) where two
nurses can monitor two single bed units/boxes
together. The stations are adjacent to each pa-
tient room. In every nursing desk, each nurse
can make
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use of two different monitors:

a monitor, placed on the wall,
which shows all the vital signs of
the patients recovered in the unit,
and from it nurses can pause an
alarm; and a monitor that pro-
vides access to the patient data
management system (PDMS).

Through the PDMS clinicians can
document important measure-
ment of the patient’s bodily func-
tions, treatment goals, planning
and checklists.

Patients’ room

At the EMC patients are hosted

in single-bed rooms, also called
boxes. These rooms can be visual-
ly closed from the corridor and
the outside through curtains that
help to provide patients with more
privacy.

The rooms are equipped with
sliding doors that contribute to
make the room soundproof to
provide patients with a more
silent environment where to rest
and recover.

Figure 9. Decentralized nurse station. Erasmus MC.

Figure 10. Patient’s single-bed room or box. Erasmus MC.

-
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2.2 Medical equipment

Every box or unit at the ICU is
equipped with different kinds of
medical devices which categoriza-
tion can be made according to the
intended usage in patient care.

These devices may be used for
various purposed such as: moni-
toring clinical parameters, Mon-
itoring devices (such as patient
monitoring system); Therapeutic
devices (such as Ventilator sys-
tem, syringe pump, defibrillator
and suction pump) used during
therapies; Diagnostic devices
(such as ECG, Mobile X-ray ma-
chine) used in diagnosis; and to
help with various support servic-
es: Supplementary devices (ETO
Sterilizer) [12].

Medical equipment is an impor-
tant part of the ICU to monitor
and support patients. Addition-
ally, most of these devices are
manufactured with one or more
functioning alarms that clinicians
must be able to distinguish to
properly react based on the per-
ceived importance of the sound
emitted.

Figure 12. Therapeutic devices. Syringe
monitoring system. pump.

Figure 11. Monitoring device. Patient

s

Figure 13. Diagnostic device. Mobile X-ray machine. (Photo:siemens-healthineers.com)
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2.3 | ICU patients

In general, patients in the ICU are
treated for dysfunction of vital
signs, or life-threatening issues.
In such conditions, patients are
usually under sedation or induced
coma. However, nowadays, less
or no sedations are administered
to patients due to their negative
effects on individuals health. An
awake patient might have more
vivid memories of their stay in
the ICU, increasing the need and
demand for care after discharge
[13].

Sedated patients are people
usually on mechanical ventila-
tors which require sedation and
analgesia in order to tolerate

the invasive treatment and to lie
down in the same position for a
long time [14]. Sedated patients
are not or less aware about their
surroundings because in a state of
unconsciousness;

Non-sedated patient have better
ability to communicate about
their pain and cooperate in nurs-
ing care. They are more aware
about their surroundings.

Patients in ICUs are depend-

ent, nursed, fed and cared for

by others, especially by nurses.
Such conditions elicit feelings of
helplessness. Care activities which
do not consider the patient as a
human being - but as an inter-
esting case - can instead elicit
feelings of being dehumanized.
Indeed, keeping patients alive is
of top priority in ICUs and, some-
times, healthcare professionals
may ignore the fact that patients
have psychological needs and they
focus mainly on fulfilling physio-
logical needs [5].

Healing from traumatic incidents
or delicate surgeries, such as or-
gans transplant, is painful; hence,
pharmacological interventions

are employed to ease such pain;
however, this kind of solutions are
not optimal to guarantee a healthy
restoration.

“Being critically ill in the
ICU can mean that the
sounds become a part of
dreams and unreal expe-
riences of various types
[...] Being critically ill and
surrounded by unfamiliar
sounds could also be seen
as never knowing what to
expect in the next minute ”

[2]

Patients are then vulnerable. They
lay in beds placed in the middle

of uncontrollable sounds, such as
medical alarms, and without being
protected or capable to leave their
room. The impact of such sounds
is brutal and ruthless [2]. In these
conditions, perception of reality

is altered and it becomes hard to
distinguish and understands the
events, such as medical alarms.

Being an ICU patient means
continuously shifting between fear
and hope. It is like being trapped,
and sometimes, even, alone and
abandoned.

In general, life quality is low after
ICU discharge. Many people suffer
from psychological issues for long
periods of time after the ICU stay.
Understanding how to improve
the stay is important to foster
healing, to reduce hospital stay,

to prevent the development of
mental disorders and to increase
life quality.

A better understanding of the ICU
patients’ experience might help
healthcare professionals to pro-
vide users with better experiences
and outcomes in ICU.

This research focuses on a specific
aspect of the whole ICU patients’
experience, the patient-nurse-
alarms interaction. Such expe-
rience has been studied from the

moment when a medical alarm
goes off to the moment when a
nurse leaves the room.
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discovering
users’ needs

To gain insights about the experience of ICU
patients and nurses with medical alarms, gen-
erative research techniques were used.

The Department of Adult Intensive Care at
the EMC, as well as the IC connect organiza-
tion were contacted, and three (former) ICU
patients and two ICU nurses were recruited as
the subjects of investigations during a period
of observing, sensitizing and interviewing.

The focus of this research is described on the
basis of research questions. Later, each meth-
odology is explained in more detail.

Research questions
During this phase of the project, the main re-
search question was formulated as follows:

How do ICU patients and nurses experience
medical alarms when they go off?

To answer this question, it was necessary to do
an investigation in the context of the ICU from
the perspective of ICU patients and nurses.

What patients think about medical alarms,
how nurses support patients when a medical
alarm goes off were secondary questions that
led me to get an overview of the experience and
to understand how medical alarms contribute
to the development of a state of anxiety.

Insights for possible design opportunities were
then conceived.

Approach

In order to provide answers to the aforemen-
tioned questions, contextmapping, to obtain
in-depth (tacit) knowledge on the experience
of the users with medical alarms [66], was
applied.

The research was conducted in English lan-
guage.
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3.1 | Methods

Contextmapping
Contextmapping techniques were
used as approach to discover the
needs of participants and sup-
ports in translating experiences of
participants into usable insights
for product development [63].
Generative tools used in context-
mapping-method are helpful for
participants to become aware

of and explain their experiences

[64].

This phase consisted of three
main activities: recruiting, sensi-
tizing and interviewing.

Recruiting

Participants were recruited with
the help of the IC Connect organi-
zation and one of the team leaders
at the Erasmus MC.

Involving real ICU patients was
not possible due to their critical
medical conditions; as a result,

former patients were chosen as

representative group.

The IC connect organization was
contacted and an announcement
as an invitation to participate in
the study was published in their
newsletter a week before meeting
the members of the organization
in Utrecht. In Utrecht, during an
IC Café, a meeting organized by
the organization every month to
discuss about the medical prob-
lems usually people suffer by after

ICU discharge, I had the opportu-
nity to introduce my research and
recruit three participants from a
group of former patients, patients
family members and healthcare
professionals.

>

The recruited former patients
were later contacted via email and
detailed information about the
study and an Informed consent
were them sent a week before
starting with the research.

In addition, two ICU nurses were
also recruited at the Erasmus
MC and the same procedure was
applied before starting with the
research.

Sensitizing

A week a later, three (former)
ICU patients and two ICU nurses
shared their subjective experienc-
es with medical alarms by using a
sensitizing toolkit (Fig.14) which
was sent to them by post a week
before the one-on-one interview.
The content of the toolkit was a
Booklet, a pencil and some adhe-
sives to use in combination with
some exercises.

By using the booklet participants
were triggered, encouraged and
motivated to think, reflect, won-
der and explore aspects of their
personal context in their own
time and environment [64]. This
activity sensitized the participants

about the problem under study
and prepares them in sharing
their experiences during the inter-
views. As a result, a deeper level
of knowledge was reached during
the one-on-one interview.

The Booklet

The Booklet (Fig.13) is a small
book with exercises, containing
text and graphics. A total of five
exercises plus an introduction and
a closing question were proposed,
and to complete the Booklet about
five minutes per each exercise
were required. Participants had a
week to complete it. Completing
an exercise per day help people

to slowly become aware of their
experiences [64].

Each exercise covered a specific
aspect of the experience with

the medical alarms in the ICU.
Questions were focused on two
major aspects: handle medical
alarms and social support (Fig. 15
and 16).

Two different booklet were
designed: one for the (former)
ICU patients and another for the
ICU nurses. Some of the ques-
tions asked were similar for both
groups, others were covering
specific aspects of the experience
of each user, such as nurses were
asked to provide information
about the main obstacles they
encounter in their everyday work
at the ICU when responding to an
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Figure 14. The toolkit sent to the parti-
cipants.

L

Figure 13. The Booklet. Cover.

How o you sy e

Figure 15. The Booklet. Exercise 3. In this exercise participants were asked to map their
experience at the ICU with a medical alarm. They were asked to write or draw down the
mot stressful and relieving moment of the experience considering three specific steps:

(a) when a medical alarm went off, (b) a nurse entered the room and (c) the nurse left
the room.

Figure 16. The Booklet. Exercise 4. In this exercise participants were invited to reason
on what an alarm represented for them and on how medical alarms influenced their
comfort. In addition, it was asked to reason on their experience in relation to the sup-
port provided by nurses and family members in the case of medical alarms.

alarm.

One-on-one interviews with for-
mer ICU patients

The executed exercises in the
booklet served as starting points
for a one-on-one depth interview
that lasted for around one hour
each. After signed the Informed
consent, participants were asked
to take part in four activities.

Before starting with the one-on-
one interview, we introduced each
other, and I gave more detailed
information regarding the project.

Activity 1 | Reflecting on the
Booklet

I asked the participant to reflect
on the answers given in the Book-
let together.

Activity 2 | Listening to the Medi-
cal Alarms

The scope of this activity was to
trigger participants memories
about medical alarms to under-
stand what medical alarms mean
for them and how they make they
feel. In addition, I wanted to un-
derstand how the lack of medical
alarms understanding influenced
their emotional reactions.

Participants had to create a
collage using a toolkit which I
designed (a paper sheet, some pic-
tures and words) while listening
to a audio-track made by me using
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some medical alarms I recorded at
the EMC in a previous study.
Participants had about ten min-
utes to complete the exercise (Fig.
18) Later, they were invited to
explain their collage and the asso-
ciations of images and words used
for each medical alarm listened.

Activity 3 | Coping with medical
alarms

After a small break, I started a
conversation with the participant
regarding their previous expe-
rience in the ICU with medical
alarms.

An Empathy map was used as a
collaborative tool to collect data.

An empathy map is a tool used to
articulate what is knows about a
particular type of user in order to
create an understanding of the
users needs, and aid in decision
making [A]. In this research, I
decided to use the tool together
with the users (considered as the
experts) to uncover the needs that
were not yet discovered.

Participants were asked to think
aloud about a previous experience
with medical alarms and to reflect
on that experience by answering
to the questions written on the
map.

By using some post-its, they
answered to the questions. The

Figure 17. The
toolkit. The
picture shows the
tools used during
the one-on-one
interview: a list of
words and picture
(top), the collage
sheet, pencils,
post-its and glue
(centre left side),
the Informed con-
sent (centre right
side), the Empathy
map (bottom left
side), camera, tri-
pos, voice recorder
and present (cen-
tre bottom) and the
research protocol
(bottom right side).

Figure 18. Activity 2: Listening to the Medical Alarms. In this picture, the participant is
creating her own collage by using the provided toolkit nd while listening to the medical
alarms audio-track.

map was divided in six quadrants:
thoughts and feelings, what did
they see, what did they say and
do, what did they hear, gains and
pains.

The aim was to understand how
they were reacting and whether
or not they lack resources to cope
with medical alarms. In addition,
information about how they were
supported was also collected.

Activity 4 | Future experience
with medical alarms

I asked the participant to imagine
the experience of ICU patients
with medical alarms in the future
based on their own experience.
They were invited to think aloud
about how in 5 years from now
ICU patients might cope with
medical alarms, considering that
the situation regarding medical
alarms will be the same as nowa-
days with patients still exposed to
the alarms.

Insight were used for the defini-
tion of design directions.

One-on-one interviews with ICU
nurses

The one-on-one interviews with
nurses followed the same struc-
ture of the interviews with former
patients.

The activities proposed and the
questions asked were similar. By

considering the perspective of
nurses, I was able to better under-
stand their uncovered needs when
handle with medical alarms and
in supporting a patient.

The scope was to know how nurs-
es help patients coping with med-
ical alarms and what are the main
obstacles they encounter and they
perceive as more dangerous.
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Data collection

Sensitizing and interviewing

ICU nurses and former patients
resulted in a rich data set. Data
collected consisted of photos, au-
dio recordings, booklets (filled in
by participants),collages, empathy
maps and interview transcripts.

Booklets, collages and empathy
maps

Participants went through the
booklet before the interview by
completing the exercises. During
the interview, the booklet was
consulted and discussed together
with the researcher. Finally, the
booklets were consulted during
the analysis phase, as well as col-
lages and empathy maps.

Interview transcripts

The one-on-one interviews were
recorded by using a voice-record-
er and transcribed word-for word.
Transcriptions facilitated data
analysis by making the data easy
to access and interpret.

Data analysis

The qualitative data (e.g. quotes,
notes), analysed by the researcher
only, were interpreted, catego-
rized, and analyzed in an analy-
sis-on-the-wall method in which
different levels of sense-making
occurred [40]. The levels of
sense-making guided the analysis
on the level of data, information,
knowledge, or wisdom [40].

During the analysis, the interview
transcripts were used as main
input in combination with the
booklets filled in by the partici-
pants. Booklets were analysed by
separating the pages and putting
them on a wall to compare the an-
swers of each participant with the
others (Fig. 19). The same method
was applied for analysing the col-
lages created by the participants.
Finally, the most relevant quotes
from the interview transcripts
were selected and clustered on the
wall.

Data were analysed in two differ-
ent sessions. Firstly, the research-
er analysed the data collected
from former ICU patients, and
later the data collected from the
ICU nurses. Finally, by using this
method, it was possible to better
define the experience of each user
in relation to medical alarms. At
the end, data were combined.

Analysis on the

level of data

Participants were interviewed

in two different moments of the
research process. I started by in-
terviewing the three (former) ICU
patients, and after the analysis of
this data was concluded, the ICU
nurses were approached.

Data analysis started directly
after the one-on-one interviews
with each group of users. Indeed,

starting the analysis as soon as the
first data is gathered is considered
critical to direct the next interview
and observations [41]. By doing
so, it was possible to generate
insights and, with ICU nurses,

I was able to ask more focused
questions on specific aspects of
the experience that led me to have
a clearer understanding of the
reasons why, for instance, usually
patients have to wait longer than
expected when a medical alarm
goes off.

This approach gave me the oppor-
tunity to have a deep understand-

ing of the context and the problem
to which patients are exposed to.

Analysis on the

level of Information

At this level, the interview tran-
scripts were read through and the
most relevant quotes were select-
ed by interpreting and assigning
them meanings [40]. In this pro-
cess, I analysed the information
and clustered them to identify two
major aspects, how ICU patients
cognitively appraise the environ-
mental stimuli (medical alarms)
and how nurses comfort and help
patients to cope with medical
alarms. In doing so, I used the
Theoretical model of Coping and
Stress [36] as a framework to un-
derstand how patients cognitively
appraise an alarm, and the theory
about the types of social support

[42] as a framework to identify
the types of supportive behaviours
provided by nurses to patients.

For each participant, Quotes were
labelled (e.g. 19_Po2_ 6:22) by
showing, respectively, the num-
ber of the quote, the number of
the participant and the time in
relation to the length of the in-
terview. This method was helpful
to facilitate their identification in
the transcripts. Later, the selected
quotes were cut out and clustered
onto two whiteboard walls accord-
ing to the groups of information
they were belonging to (Fig. 20).

While selecting and categorizing
quotes with respect to the two
frameworks previously men-
tioned, several subthemes and
patterns emerged.

The process of analysing on the
level of information resulted in
two whiteboard walls filled with
categorized quotes and meaning-
ful topics and themes.

Analysis on the

level of knowledge

At the level of knowledge, all the
information on the walls was
brought to a higher abstraction
level and the defined topics were
used to discover the patients’ val-
ues, needs and wishes in relation
to nurses and medical alarms.
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Figure 20. Labelled quotes. The selected and cut off quotes clustered into two whitebo-
ard walls according to the groups of information they were belonging to.
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3.2 | Results
In this study, the main target time [63]. a medical alarm goes off, but also °
group were ICU patients. Indeed, it has provided an understanding Medlcal alarms
I mainly focused on understand- In the user map (Fig. 26) created of the reasons that, in this expe- .
ing patients’ needs, desires and for this research, the interactions rience, lead patients to develop a for p atlent S
emotional reactions in relation between patient-nurse-alarm are state of anxiety.
to medical alarms and nurses’ shown with a focus on the most
support. common factors that adversely Patient-nurse-alarm interaction
influence the ICU patients’ experi- was investigated considering three
Including the experience of the ence with medical alarms. key moments of the whole expe-
nurses in this study gave me the rience, starting from the moment
opportunity to better understand  Issues Map (1) when a medical alarm goes
which strategies are employed to The Issues Map (Fig 22) shows off, (2) a nurse enters the room,
help patients coping with medical  in detail the patients key issues to the moment to the moment (3) Former ICU patients defined the
alarms and which the obstacles which were extracted from the when a nurse leaves the room. experience with medical alarms
that negatively influence nurses’ Users map. as too extreme attributing to the
possibilities to properly support Data about patients’ emotional alarms mostly negative meanings
patients when a medical alarm Showing the different issues reactions in relation to a medical associated with negative emo-
goes off. separately and in detail allows to alarm and the nurses’ support, as tions.
address them individually during  well as information about nurses’
The qualitative data have pro- opportunity identification [63]. supportive behaviours, reactions “[...] the noise made me crazy be-
vided insight in the ICU patients’ and practices to handle with med- cause it was there every moment
experience with medical alarms. The issues map shows also the ical alarms were collected. of the day [...] when you are lying
The study has resulted in an User  path of emotions of patients in down and you can't see anything,
map, and an Issues map. relation to medical alarms and what’s happening there, and
interactions with nurses. there are every moment alarms,
The results led to insights in the you don't understand at all” Fmergence

needs of ICU patients and to
design opportunities regarding
strategies to reduce the risks of
developing a state of anxiety when
a medical alarm goes off. Based
on this results, the design goal
was defined and later used for the
second phase (design phase) of
this graduation project.

User Map

Users maps show how multiple
groups of people relate to one
another in a specific context over

Analysis

The data collected from the
booklets and the interviews have
provided insight into the ICU’s
patients and nurses experience
with medical alarms, as well as
into the meanings patients attrib-
ute to these alarms.

In general, the knowledge ac-
quired with this investigation
provided me not only with an
understanding of the phases
habitually users go through when

[Po3]

During their hospital stay, med-
ical alarms discomforted the
patients for two reasons: (a) by
waking them up reducing the
possibility to sleep; (b) by scar-
ing them resulting in high stress
levels and anxiety.

“[...] (medical alarms) means for
me, stress, stress, stress, stress,
stress, very stressful moments
and not being able to sleep. Too

Disaster

Figure 21. The graph shows the words and pictures that participants used in their
collages. The graph is divided into two sections: the positive side (top) and the negative
side (bottom). Pictures and words were placed in the graph with respect to the meanin-
gs participants associated with these pictures/words in relation to the alarms. Pictures
and words closer to the centre of the graph were the most selected.
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tired, too much noise [...]” [Po3]
Pictures like the “explosion of a
bomb”, an “emergency triangle”,
a “trapped person” holding his
hands tight on a barrier, a “train
in a station” and a “cross”, were
the most used in combination
with the words “help”, “under-

» & » o«

standing”, “fear”, “stress”, “emer-
&

gency”, “control” and “anxiety”
(Fig. 21).

“[...] alarms are an emergence
because that’s what alarm rep-
resents for me [...] an emergency
triangle [...Jsomething you use
when you have car trouble [...]”
[Po1]

Due to the lack of understanding,
medical alarms were experienced
by patients as a threat that indi-
cated the start of a life-threaten-
ing situation.

“[...] the alarm tells me there’s a
problem [...] you feel it like, like

a threat and you're afraid [...] “

[Poz2]

“[...] what if there’s something
wrong with me?/[...]” [Po1]

In addition, patients felt the
alarms as a trap that they were
not able to escape from.

“[...] if there’s not a nurse avail-
able, you'll feel trapped or quote

in alarm saying you can’t explain

[...]7 [Po2]

Without any control over the
alarms, patients cannot fight them
either but only surrender and
submit, and waiting for the arrival
of a nurse who will help them.

“[...] it’s out of my control
because I'm in that bed being
helpless [...] that is something you
have to surrender to submit to

[...]” [Po1]

The patients’

experience

In this study, I focused on under-
standing patients’ needs and emo-
tions starting from the moment
when a medical alarm goes off to
the moment when a nurse leaves
the room after his/her interven-
tion to stop the auditory stimulus.

Data analysis led me to identify
two major needs patients have
when exposed to a medical alarm,
the need for understanding and
the need of feeling monitored.

This section presents in detail
the experience of conscious ICU
patients with medical alarms.

Eight different steps that usually
patients go through when a medi-
cal alarm goes off were identified.
These steps were clustered into
four phases: (a) a medical alarm
goes off, (b) waiting, (c) interact-
ing, and (d) separating.

The most interesting conclusion
was that when a nurse enters
the room, patients’ stress levels

reduce, as well as the state of
anxiety.

Patients put lots of trust on nurses
because they are the only one who
can really help them with medical
problems. As a consequence, pa-
tients feel safe only when a nurse
is next to them; on the contrary, if
patients have to face the medical
alarm alone, they easily panic and
get scared. With their presence
and support, nurses reassure and
comfort patients.

I put more attention on a specific
phase of the ICU patients’ medical
alarm experience: Waiting be-
cause is the phase when patients
get anxious and not only because
they cannot determine whether
or not an alarm is life-threaten-
ing, but especially because the
more they wait for the arrival
of a nurse, the less they perceive
themselves in a safe situation.

Ambiguity of medical alarms and
long waiting lead patients to the

51

“[...] being of medical staff
or being a patient it’s like
Saturn and Pluto, different
planets, different worlds
with no connection at all “

[Po3]

uncertainty of dying. Indeed,
waiting reduces the patients’

hope of being rescued because the
longer is the waiting, the less are
for them the chances to reduce the
risks to die. Thus, when waiting
longer than expected, patients
start to doubt the fact that nurses
are aware of the ongoing alarm.

In the next paragraph, the expe-
rience will be examined phase by
phase.

The experience

Phase 1 | Waking up

Step 1: Waking up

When a medical alarm goes off,
patients suddenly move from a
state of quiet to a state of alert-
ness and fear.

An alarm takes by surprise pa-
tients, usually waking them up,
and scares them especially if they
are alone inside the room while
such an event occurs.

Loneliness is an additional factor
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a medical
alarm goes off

a nurse enters

the nurse leaves

the room

®
stress levels

Figure 22. The
Issues Map. The
map shows the
experience of pa-
tients with medical
alarms from the
moment when a
medical alarm
goes off to the mo-
ment when a nurse
leaves the room.
On the top (in red)

the hypothesised
trend of patients’

stress levels. The
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which triggers fear and increases
stress levels, particularly if there
are not nurses inside the room to
take care of the situation.

Phase 2 | Waiting

Step 2: Questioning

Regardless of their real meanings,
alarms are usually perceived as a
threat and appraised as danger-
ous.

After being surprised by an alarm,
patients first reaction is to seek
for information that could help
them in understanding whether
or not the alarm is indicating a
life-threatening situation.

In this phase, patients start look-
ing around them, for instance at
their vital signs (bedside moni-
tor), in an attempt to identify the

source of the alarm and try to
interpret its meaning.

“[...]I couldn’t find the cause
of the alarm. I felt a little panic
inside. What’s happening? This
is the start of going of dying or
whatever. All kinds of things go
through your head [...] I didn’t
understand what’s happening
and what were the results of

what’s happening.” [Po2]
However, due to the lack of
understanding, patients can not
understand what is happening to
them, thus resulting in emotions
like worry and uncertainty.

“[...] most of the time is a signal
that medication has run out [...]
but what if, what if? What if it’s
not? What if there’s something

wrong with me? [...]” [Po1]

Step 3: Searching

Lack of understanding increas-
es stress levels and generates
distress. Such a condition leads
patients to get panicked if a nurse
has not yet intervened.

“[...] if she’s not there that can
give stress if there’s no one there

[...]”[Po1]

Although patients are unable to
interpret a medical alarm, they
are aware that the goal of a medi-
cal alarm is to inform clinical staff
about a dangerous situation that
requires timely attention as the
patient’s survival could be under
risk. Therefore, the faster the staff
intervention, the lower the risks
of further complications and to
increase criticality.
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Uncertain
Feeling doubt about
something likely to
change, especially in

a negative or
unpleasant way.

The patients thinks
that an alarm is
always something not
good. He wonders
wheter or not thisis a
life-threatening
alarm.

Loneliness Worried Distressed Panicked
The feeling when you The feeling when The intense feeling Suddenly feel so
think there isnoone  something happened  when somethingbad worried or frightened
who cares about you that could mean is happening toyou  that you cannot think
something bad will at this moment. You  or behave calmly or
happen to you. You feel that you need reasonably.
cannot stop thinking help, because you
about this. cannot cope.

Nobody has entered

The patient cannot

The patient is aware

The patient fears for

the room yet. Nobody  stop to think about about his restricted his life. He cannot
seems has noticed the possible medical abilities. He struggles  fight or flight from
the alarm. implications. to get the attention of  the medical alarms.
nurses and he cannot  He has to submit to

control the situation. them.

He needs help.

The feeling when you
think about bad
things that could
happen to you. You
are on guard, because
you don't know what
the threat is.

The patient thinks
that he is diying.
Nobody is there to
help him, and now
can be already too
late to be saved.

Comforted Reassured Disappointed Scared
Feeling of relief from  Feeling less worried  The feeling when you The feeling when
stress. A condition of about something, find out that some- suddenly something
well-being, content- usually because you  thing you had hoped unexpected happens,
ment, and security. have received help or for has not which could be

advice. happened. something bad. You
have the immediate
urge to find out what

is going on.

The patient under- The patient feels The patient expacta-  The patient suddenly

stands the reasons finally safe and tions are not wakes up when the

why the medical protected. The nurse satisfied. Nurses medical alarm goes

alarm went off. He is taking care of the delay to respond to off, moving from a
can fall asleep again, medical alarm and  the alarms and leaves state of quiet to a

he is not alone but explaning what is him alone. state of alert.

there is somebody going on to him.

taking care of him.

Figure 23. The patients’ emotions in relation to the medical alarms and nurses. A description of each emotional state is
given, including a description of the patients behaviours when they experience these emotions.

“[...] I want the nurse to arrive
because she or he is the profes-
sional, and only they can calm
me down. Because if there’s
something really wrong with
me, my family cannot help me
literally, the nurse has to do that
[...]” [Po1]

The delayed and/or non-arrival of
a nurse fail the patients’ expecta-
tions who rather expect a timely
intervention that could remove
the ongoing threat.

As a result, patients start to search
for a nurse by looking at the

door or the window which offer a
view on the corridor outside the
room. Searching and waiting for a
nurse generates a further state of
uncertainty, that is if the clinical

staff is aware of the situation and,
therefore, if they are monitoring
the patient.

Step 4: Submitting

Patients in the ICU are dependent
on others, especially on nurses
who satisfy most of their basic
needs. Nurses are also the pro-
fessionals who have the responsi-
bility to keep the patient alive by
properly executing the treatments
determined by physicians.

As a result, patients’ health and
safety depend on nurses’ reactions
to an alarm, including the time
they spend before responding to
it.

Due to patients’ health conditions
fight or flight from the threat, or
the medical alarm, is not possi-
ble; as a result, the only option

patients have in case of an alarm
is to submit until a nurse enters
the room.

“[...] hearing it (alarm) and not
knowing what’s happening and
not being able to do something
about it yourself. It happens.
Well, you have to accept it, but
you can’t do anything about it”
[Po2]

Under these circumstances, pa-
tients feel hopeless and helpless.
Indeed, their perceived sense of
safety decrease as well as their
stress levels increases resulting in
a state of anxiety.

Phase 3 | Interacting

Step 5: Approaching

The arrival of a nurse inside the
room reassures patients suddenly

moving them from a state of anxi-
ety to a state of calm.

Despite the late arrival of a nurse
disappoints patients whose at-
titude towards the nurse can be
initially aggressive, quickly they
calm down.

“[...] when a nurse arrives in the
room, you feel safe because the
nurse is there[...]” [Po2]

Step 6: Reassuring

Stress and anxiety are removed
after a medical alarm is off and
the problem which triggered it
resolved.

As already mentioned, patients
have complete trust in the medical
staff, thus their presence removes
uncertainties and increases the
perceived sense of safety resulting

in lower stress levels.

“[...]I put a lot of trust in the pro-
fessional [...] because the nurse
or a doctor is someone who can
actually help me with something
medical [...] “ [Po1]

Phase 7: Understanding

In this phase, patients start to
learn more about an alarm and
familiarizing with the ICU envi-
ronment.

By observing at the nurse’s activ-
ities and reactions, as well as by
listening to their explanations,
patients learn how to interpret the
events. Such an interaction is crit-
ical to foster familiarization with
the ICU environment, including
its soundscape, and re-establish
calm.

“[...] as long as they are there,
and they can explain to you why
things happen. That is such, such
relief or that can calm you down
so much.” [Po1]

Nurses’ explanations and atti-
tudes influence the way how pa-
tients interpret an alarm. Nurses
can help patients in identifying
the source and understanding the
reason for the alarm, thus proper-
ly reappraise the event.

The content of the message given
by nurses and the way how it is
conveyed emotionally influences
patients. The lack of this inter-
action might adversely influence
patients stress levels and anxiety.

In this phase, patients reappraise
the alarm. The explanations
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provided help patients coping not excluded by patients who are ences in the ICU can encounter patients’ perceived sense of safety.
and learning what to expect if the  left alone in a room without the the same difficulties. Feeling monitored means for
same alarm will again go off in the = supervision of a nurse who, in fu-  For a patient, understanding the patients that there is a nurse who
future. ture, might not intervene on time. = meaning of an alarm is fundamen- always and timely will enter their
tal for reducing stress. Regardless room and save their life when an

“[...] know a bit of the pattern, “[...] when the nurse leaves the of its meaning, patients often tend alarm goes off. Feeling moni-
how it works, you know [...]Ican  room [...] that can also give a to perceive an alarm as a threat tored can be related to the need of
go back to sleep and everything’s little bit of panic [...] that can be and appraise it as dangerous. safety, or the condition of being
okay [...]” [Po1] stressful [...] because you're alone protected from harm or other

[...] “[Po1] Need of feeling monitored non-desirable outcomes [43].
Length of stay, previous experi- For patients, knowing that a nurse l Lo ‘
ence in the ICU, disease severity, Conclusions takes care of them is decisive to "’ef"”,,e,f;"‘""’,;; mdbﬁgfm
limited physical abilities, types feeling safe. Environment
of treatments and medications, Need for understanding i Lo :
can reduce patients’ capacity to “[...] what if there’s something “[...] the most important part el Wmiﬁﬁ'ﬁlﬁmm o
memorize, and recognize the wrong with me?[...]” [Po1] is feeling at ease and safe, and person
meaning of medical alarms. As a knowing that people care for you rmary Appraisa "An aiarm s aways something that's not
result, many patients need that Medical alarms are ambiguous for  [...J” [Po2] e . .  9o0d Othenwise, there wouldnt be an
such explanations are continuous- most of the patients in the ICU. peste it e dm'/mté?n‘;?}.ﬁ?ﬁm
ly repeated. Lack of familiarity with the ICU Although patients are aware that o

and lack of knowledge seem tobe  nurses cannot stay all the time i anaiysts afthe ava e — " the alarm tells me there's a problem. And
Phase 4 | Separating the major causes that limit pa- with them and that they contin- Stress ' :’:,’ &md@;%ﬁgﬁg
Step 8: Solitude tients understanding of an alarm.  uously monitor them even by a / . And you're afraid *
Despite the medical alarm is off Not being able to interpret an distance, their absence arises neg- ¥ _I__
and there are no more reasons to alarm generates negative thoughts  ative feelings, such as the feeling “They explained fo me what could happen . wh;f;"g;ﬁg a':r’,’; :&'db’;‘.’;g k’;;:ntg "
be scared, being left alone by a and negative emotions which ex- of being ignored and abandoned, with ﬂ’:h Z’Z"z":';d ﬁﬂw:’;zm was / e S o Wﬂf" hj:z ';:;lp‘m;df b"; fyﬂwwg~t
nurse worries patients. ponentially increase stress levels especially if they do not timely ' . """ do anything about it

“[...] when the nurse leaves the
room, I rather would have he
would stay in the room because if
then something’s happened, then
he would, he could act on it, and
he would be there. So, that would
give me more comfort [...]” [Po1]

As a result, due to the high possi-
bilities of re-experiencing another
similar event, the uncertainty of
dying to the next medical alarm is

resulting in a state of anxiety.

“[...] the alarm tells me there’s a
problem [...] you feel it like, like

a threat and you're afraid [...] “

[Po2]

Patients are oblivious to the
meanings of medical alarms

and the message they convey to
nurses. Interestingly, it seems that
even patients who have a medical
background or previous experi-

show up when a medical alarm
goes off.

“l...] I want to have immediate-
ly access to the attention of the
nurse that I'm in danger [...] I
was in more than pain, in death,
scary, stress [...]” [Po3]

Fear and uncertainty evoked by a
medical alarm are relieved when
a nurse enters the room; indeed,
nurses’ presence increases the

“When the nurse comes in, and she does
her thing, you follow her because you want
to know where the alarm is for. And so you

leam what alarms represent what"

*I'm in that bed being helpless, so it's out
of control and that is something you have
to surrender to submit fo"

“If you know the situation, that if's not on

you that the isn for you all, You cannot stop to think about it and

but for the medication box, then it's okay. have many 'dea;.t‘;’f""’a' 15 going wrong
As long as you know what's going on and you
why is the alarm for...that's more
important

Figure 24.The Model of Stress and Coping adopted to explain the patients’ perception and appraisal of medical alarms. Quotes from
interviews were used to show which are the thoughts, worries and beliefs of ICU patients and to understand how they actually percei-
ve, appraise and cope with medical alarms.
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The nurses’
experience

The nurses’ experience

Nurses are a fundamental re-
source for the patients since “their
presence contributes to reducing
potential stress factors and coping
constraints, maximizing coping
resources and facilitating coping
strategies to limit the physiologi-
cal and psychological deleterious
effects of the stress in critically ill
patients” [1]. Nurses are resource
persons who have the informa-
tion patients need especially in an
unfamiliar environment to reduce
uncertainty and stress [3].

However, the presence of a nurse
is not always guaranteed inside a
room when a medical alarm goes
off. They could not react over an
alarm or their response could de-
lay; as a result, the patient-nurse
interaction not always occur when
a medical alarm goes off.

Nurses reactions to an alarm vary
with the different types of alarms,
resulting in different behaviours.

Nurses can decide to do not enter
the room, for instance, if the
ongoing medical alarm does not
require an intervention (i.e., pa-
tient who cough activate an alarm
on the mechanical ventilator).

The decision is taken by nurses
comparing the information on
their pagers with the patient’s
vital signs shown on the monitors
and by observing the patient from
outside his room. Through the
window collocated strategically
between the patient’s bed and the
monitoring desk of the nurses, the
latter have a clear overview of the
patient and the medical devices
connected to him/her.

In general, nurses provide pa-
tients with informative, instru-
mental, and emotional support.
They calm down a patient by
using words that reassure them
and explaining the reasons for an
alarm.

However, different factors, related

to the context, as well as to the
attitudes of the nurses, negatively
influence and limit such a hu-
man-human interaction.

The ICU nurses experience was
analysed focusing on the practic-
es, behaviours and decision-mak-
ing process from the moment
when a medical alarm goes off to
the moment when they leave a
room.

Information regarding the ob-
stacles nurses encounter when
handle medical alarms and the
strategies employed to reduce
patients’ anxiety were collected.

Seven different phases were iden-
tified: (1) Managing, (2) Receiv-
ing, (3) Interpreting; (4) Decid-
ing, (5) Acting, (6) Comforting,
and (7) Leaving.

Phase 1: Managing

In general, at the beginning of
their shift and after receiving

a summary about the patients’
conditions, nurses tend to adjust
the threshold of the alarms ac-
cordingly to the needs of a patient
and their preferences; especially
during night shift, nurses tend
to reduce threshold to lower the
amount of alarms that could go
off in order to give patients more
opportunity to rest.

Effective alarm management can
reduce the amount of alarms pa-

tients are usually exposed to, but
it requires full attention and time
by nurses who, in some case, can
also anticipate over some alarms.

Phase 2 : Receiving

When a medical alarm goes off,
nurses receive a message report-
ing the alarm on their pagers.

After checking at the pager, they
need to determine to which room
belongs the alarm and to do so
they usually look at the lights in
front of the Boxes or look at the
Monitor placed on their station.

Phase 3 : Interpreting

Nurses rely on their experience to
interpret an alarm. The decision
about what action to take is also
based on many factors. Before
acting, nurses need to understand
whether something is really going

wrong and determine whether or
not the alarm is clinically relevant.

To do so, nurses take into analysis
many data provided by different
devices placed inside and outside
a patient’s room: they look at

the light in front of the door (e.g.
yellow light can also mean empty
pump, while a red light can also
mean that the patient is calling for
help), check the vitals of the pa-
tient on the monitor, think about
the medical devices inside the
room, check the patient through
the window to understand wheth-
er he/she is comfortable or not.
With this information, nurses can
identify and interpret an alarm.

Phase 4 : Deciding
After data analysis, nurse decide
which action is required.

If the alarm is considered true,
than the patient is actually in a
risk; as a result, the nurse qui-
clky enters the room because it is
required a timely intervention to
save the patient. Nurses have to
make sure that the patients do not
go over the edge and take them
back to a safe situation. In case of
a true alarm, nurses get stressed
especially because they are aware
that a late intervention can kill the
patient.

If the alarm is considered false,
there is not something worrying
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going on. These alarms annoy
nurses, especially because are the
most frequent. Unfortunately,
due to their frequency, nurses in
many cases could interpret even a
true alarm as false. False alarms
can be also caused accidentally by
nurses who, for example, forget to
deactivate a device while cleaning
a patient.

Despite such an alarm does not
indicate a dangerous situation,
nurses need to intervene to stop
the alarm; for instance, they
might need to reattach the sensor
on the patient’s finger.

Some alarms cannot be heard
from outside the patient’s room,
especially if the door is closed,
because there are medical devices
not connected to the pagers. As a
result, unless the doors are open
or the patient calls for help, nurs-
es usually think that everythng is
fine while, instead, the patient is
exposed to an alarm.

Phase 5 : Acting

When entering the room, nurses

need to stay calm - even if some-
thing is not going good, in order

to do not further scare and stress
the patient.

Inside the room, and before in-
teracting with the patient, nurs-
es take all the required actions
to stop the alarm and solve the
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problem.

Phase 6 : Comforting

After the alarm is off and the
problem solved, nurses might
interact with the patient. Talking,
physical contact are common
interactions. In addition, patients
have the opportunity to ask ques-
tions.

Communication helps patients

to have a clear understanding of
the event, as well as their med-
ical conditions. The ways how
nurses decide to interact can vary
between patients; indeed, while
some patients require detailed
information about an alarm, for
others it is enough that a nurse
just holds their hands.

Phase 7 : Leaving

Before leaving, nurses comfort
again the patients usually inform-
ing them that they will be back
immediately if needed whether to
stop an alarm or to check on them
if they make a call.

Conclusions
Nurses awareness

“[...] the alarm is the anxiousness
for a patient because the patient
is thinking: Is there anybody
coming? I am lying here and
there’s a lot of noisy. So, I think
that the patient is suffering be-
cause of that.” [Po5]

Nurses are aware of the effects

of medical alarms on patients’
psychological well-being, especial-
ly they believe that not knowing
whether someone is coming to
help, or how long a nurse will
spend before entering the room, is
the main source of anxiety.

“[...] they don’t know if it’s false,
if it’s true, if there is somebody
coming in one minute, and the
alarm sounds is very long: five
minutes even longer. And then
the patient is just there and no-
body’s reacting...for their feelings
is very, very bad also for their
psychological thinking.” [Po4]

Nurses think that a patient who is
exposed for a long period of time
to an alarm can feel alone, isolat-
ed and abandoned if nobody is
reacting on it.

“[...] I can understand that if an
alarm goes off [...] and there is no
reaction, you feel alone, you feel
isolated, you feel abandoned. I
should feel like that, like: ” What's
going on? Nobody is reacting:
Help! Help![...] “[Po4]

Also, patients - especially if con-
scious - can contribute to increas-
ing the quantity of the alarms,
because they tend to repeatedly
play the ring-bell if nobody is
showing up.

Nurses are also aware that pa-

tients are always watching at them
and they are influenced by the
way how they react over a medical
alarm and by the activities they
perform.

“[...] they’re always watching us
and I don’t think we consider how
important that is...how we react
on the room...in the room with
our activities.” [Po5]

Supportive behaviours

When entering the room, nurses
provide patients with three dif-
ferent types of supportive behav-
iours (Fig.25): (a) instrumental
support, by resolving the problem
reported by an alarm; (b) emo-
tional support, by comforting the
patients, and (¢) informational
support, by informing patient
about the reason for an alarm.

Patients’ profile and
communication

Nurses must know their patients
on a personal level to be able to
properly approach them when
comforting and removing anxiety.
There is a very large difference
between patients and what they
want to know and how much
information they need to feel
comforted. As a result, the in-
formation provided by nurses to
patients vary between patients.

Physical patient
A physical patient is a person who

doesn’t have interests in receiving

detailed information about an
alarm but, instead, prefers physi-
cal contact and reassuring words
to feel comforted. In addition,
physical patients are individu-
als who usually do not ask any
question, especially because they
totally trust the nurses and their
decisions.

Intellectual patient

An intellectual patient is a per-
son who is curious and wants to
know always more than the basic
information provided usually by
nurses. Such type of patients are

emotional support

4

3

instrumental support

’ appraisal support

very interested in the alarms and
they usually ask a lot of questions,
not only about the reason or the
meanings of alarms, but also
about the nurses’ activities and
behaviours.

Language barriers

Sometimes nurses can encoun-
ter language barriers, because
some patients do not speak their
language. As a result, comforting
them can be difficult, thus nurses
have to find other ways to do it.
They need to be creative in the
way they can make the patient
comforted; for instance, some-

times, they use Google translate
or their hands to communicate
with a patient.

Obstacles

From data collected, several
factors that act as obstacles for
nurses and reduce their possibil-
ities to timely intervene over an
alarm were identified.

Nurse - patient ratio

Sometimes everyone is already
busy with a patient and nobody is
available if a new alarm goes off.
Especially if nurses have more
than one patient to take care of, it

S, @

v«

Figure 25. The nurses and
family members’ supportive
behaviours toward patients.
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Figure 26. Users map. Users map. The map shows the experience of patients and nurses in relation to medical alarms. From in-
terviews, it was possible to collect data related to the family members which are here shown. The map summarizes the interactions
between these users when a medical alarm goes off and with respect to the phases discussed previously. It also shows the major issues
that contribute to the development of a state of anxiety on patients (big red circles). While the light-blue and yellow line represent the
experience-flow of patients and family member, the dark-blue line shows the experience-flow of the nurses including the obstacles that
influence their response time over medical alarms. In addition, it is possible to see that the reactions of nurses towards an alarm vary

with the types of alarms.
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is common to respond with delay
and leave patients waiting longer
than expected.

In addition, being responsible for
more than one patient reduces the
time and the quality of care nurses
can provide to each patient.

Acute patients

When nurses are busy with a
patient, especially if in an acute
condition, forgetting or not no-
ticing the message on their pager
reporting an alarm from the room
of a second patient is common.

In addition, even if the notifica-
tion is noticed, suddenly leaving
the room of a patient who needs
still more care is dangerous for his
health and safety; as a result, or
another nurse will take care of the
alarm or the patient has to wait
for his nurse until she finishes
with her task.

Information on Pager

Nurses think that the information
about alarms on their pagers is
not satisfactory and such lack

of information lengthens their
response times. Indeed, before
making a decision, nurses have

to interact with other devices to
properly interpret an alarm. Espe-
cially when busy and distant from
their workstations, nurses suffer
by such a problem.

Alarms: false, repetitive and not

heard

Types and repetition of alarms
influence nurses’ reactions. The
high frequency of false alarms, as
well as repetitive alarms, make
nurses less responsive and upset,
thus adversely influencing their
time responses.

The response to an alarm may
also depend on its duration. In
fact, alarms that do not last long
are usually not checked. Also,
the medical alarms which are
not connected to the pagers (e.g.
from dialysis machine) limit the
possibilities for a nurse to timely
support a patient.

Wrong behaviours

Nurses

Some nurses usually respond with
delay to an alarm because less
responsible than other colleagues.

Give the pager to a colleague
Leaving the pager to a colleague
may increase the risks to respond
with delay over an alarm, espe-
cially if all the pagers hold by a
nurse notify an alarm at the same
moment.

Patients’ attitudes

The quantity of alarms can also
depend on patients’ attitudes.
Patients who ring regularly on the
alarm bell to get the attention of
a nurse (especially for not urgent
reasons) annoy and make nurses

less responsive. Thus, nurses who
take care of patients with such an
attitude might leave them waiting
for long time before acting.
Family members

Loved ones can act as an obstacle
for nurses and can also contribute
to the development of a state of
anxiety on patients.

Patients’ relatives can annoy and
obstacle the work of nurses in-
terrupting their flow. As patients,
they do not understand alarms
and tend to overreact when one
goes off.

For family members and friends
can be shocking assisting to an
alarm and, especially they can get
stressed and overreact because of
misinterpretation and if nobody
timely provide their loved ones
support.

Sometimes, they can be even more
nervous and scared than a patient,
thus they tend to quickly leave a
room and to call nurses for help
from the corridor. Such a behav-
iour, negatively influence patients
stress levels and state of anxiety.
In these cases, and regardless of
the tasks they are doing, a nurse
has to promptly react and to calm
the family and the patients down
by entering the room.

Figure 27. Experience flow. The illustrations on the next page show two possible scenarios that can occur in the
ICU when a medical alarm goes off. In yellow, the experience of a patient when a family member is with him during
the alarm. In this case, the family member overreacts to the alarm (he leaves the room for looking for a nurse) thus
contributing to the development of a state of anxiety and increasing of stress levels in patients. In light-blue, the
experience of the patient who is alone when an alarm goes off. In both cases, the uncertainty of dying arises for two
reasons: lack of alarm understanding and lack of medical support.
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3.3 | Conclusions

It appears that medical alarms
might contribute to the develop-
ment of psychological disorders
as their occurrence elicit a state of
anxiety.

Regardless of their real
meanings, patients perceive
medical alarms as a threat
and appraise them as
dangerous which cannot be
overcome. Patients only op-
tion is to submit to alarms
and to wait for the help of a
nurse.

Patients major resource to cope
with a medical alarm is the social
support provided by nurses.
Family members and friends
support is relevant but not enough
because they usually lack of the
information needed by a patient
to properly cope with an alarm.
Nurses, instead, are trained

to handle medical alarms and
provide medical help. Especially,
nurses are aware of the effects of
alarms and behaviours on patients
psychological wellbeing; as a
result, they know how to interact
with their patients to calm them
down and remove anxiety.
Effective verbal and non-verbal
communication restore comfort
and the sense of safety in patients.
Without such human-human
interaction patients remain in a
continuous state of anxiety raised

by the uncertainty of dying.

When a medical alarm goes off pa-
tients move from a state of quiet
to a state of alertness resulting in
discomfort and, usually in sleep
disruption. Alarms are sudden
and they scare patients who can-
not control nor interpret them,
especially due to their lack of
understanding. Without any avail-
able resource, patients experience
negative emotions which result in
increased stress levels. Waiting for
the arrival of a nurse is the only
option they have, but the longer is
the waiting time, the higher are
the risks for patients to develop a
state of anxiety. In addition, the
absence of the medical staff ad-
versely affects the perceived sense
of safety making patients feeling
ignored and abandoned.

Although patients are unable to
cope with a medical alarm, they
are aware that the goal of a medi-
cal alarm is to inform clinical staff
about a dangerous situation that
requires timely attention as the
patient’s life could be under risk.

Lack of resources and lack
of control make patients feel
trapped and hopeless. In
addition, the delayed and/
or non-arrival of the nurses
fail the patients’ expecta-
tions who rather expect a

timely intervention that
could remove the ongoing
threat.

Furthermore, in critically ill
conditions patients tend to have
an altered perception of time,
therefore a short waiting time can
be perceived as really long.

On the other hand, nurses face
many obstacles in the ICU which
affect their response time to an
ongoing alarm. Intense workload,
busy work-shift, alarm fatigue,
false and repetitive alarms are
some examples.

Most significant is the impact of
false alarms on nurses’ reaction
to an alarm. False alarms repre-
sent more than 80% of the total
number of alarms in ICUs. Their
extreme frequency negatively
influence nurses’ actions leading,
also, to alarm fatigue. When an
alarm is considered false, nurses
tend to postpone an intervention,
especially if already busy with

something or some other patients.

Hence, while nurses are
aware of the reason for the
alarm and whether or not
a patient is in a danger,
patients are oblivious and,
often, alone with the ongo-
ing alarm.

Removing the mystery generated
by ambiguous medical alarms and
by long waiting time might reduce
the risks of developing a state of
anxiety. Patients might benefit
from a system that acknowledge
and provide them with informa-
tion that increases their perceived
sense of safety.

As a result, by considering the
whole experience of ICU patients
with medical alarms, I wanted

to focus on the Waiting time
(Waiting phase) considered as
the phase during which patients
develop a state of anxiety. I be-
lieve that the interaction between
nurses and patients should be
extended to provide continuous
support.

Finally, I believe that there is

a strong relation between the
development of anxiety and the
perceived sense of safety: the
higher is the perceived sense of
safety, the lower will be the risk
to develop a state of anxiety.
Consequently, it is necessary to
investigate on how to keep the
feeling of safety high in case of an
ongoing alarm and lack of sup-
port. I assume that if a patient
feels safe when a medical alarm
goes off and in absence of a
nurse, the risks to develop a state
of anxiety can be lower compared
to the current situation.

Therefore, it is necessary to un-

derstand:

Houw to restore the patients’
perceived sense of safety
when a medical alarm goes
off and the nurse is unable
to communicate with them?
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Design
directions

The idea of developing an inter-
active tool that put in communi-
cation nurses with patients by a
distance was already discussed
with the parties involved in this
graduation project at the be-
ginning of this journey and still
considered as a solid direction to
follow at this stage of the design
process.

The knowledge acquired from
the fieldwork research guided to
the definition of the concept and
helped with the designation of
strategies that could be employed
to reduce the risks of developing
a state of anxiety on ICU patients
through the use of such a tool.

The goal of the interactive tool
was described as follow:

an interactive tool that by a
distance put nurses in commu-
nication with patients to com-
fort them thus increasing their
perceived sense of safety when a

medical alarm goes off.

Four different strategies were
identified.

The tool could be used by nurses
to (a) reassure and (b) acknowl-
edge patients by making them
aware about nurses decisions
over the alarms, (c) promote
alarms understanding to remove
ambiguity, and (d) distract the
patient to move their attention
from the medical alarms.

From these strategies three design
directions were conceptualised:
(1) Educating patients, (2) Ac-
knowledging patients, and (3)
Entertaining patients.

Educating:

Promoting understanding
Patients, after being introduced to
medical alarms at the beginning
of their ICU stay, might interact,
while a medical alarm goes off,
with a tool that promotes the
understanding of the type and the

reasons of the alarm, as well as of
its source.

Promoting the understanding

of medical alarms could remove
ambiguity and reduce uncertainty,
thus helping patients to properly
appraise them when they occur.

Acquired knowledge in combina-
tion with information provided
by nurses to patients through the
interactive tool during hospital-
ization, might enable the latter
to easily identify and properly
interpret the stressor.

Acknowledging:

Reassuring and acknowledging
Patients could be passively
involved in the nurses’ deci-
sion-making process.

For instance, informing patients
that a nurse is aware of the alarm
might increase their perceived
sense of safety and reduce the
uncertainty of being ignored and
abandoned.

Making patients aware of the fact
that a nurse is already taking care
of them might reduce the risks of
developing a state of anxiety and
reassure them too.

For instance, nurses could share
such information through the
interactive tool by communicating
their location, the time needed to
enter the room or that they have
received the notification.

Engaging:

Distracting

Patients’ attention to medical
alarms might be moved to some-
thing that distracts and entertain
them while waiting for the arrival
of a nurse.

Distracting a patient might help
them forget about the possible
emergency and also influence the
perception of time, making the
waiting time more pleasant and
less stressful.

For instance, alarms might be
shown as animated visuals that
change in shape and size accord-
ingly to the types of alarm, their
frequency, decibel or duration.



Chapter 4

Insights from the fieldwork
research led the second phase of
this graduation projeect. In the
previous chapter, the psycholo-
gical effect of a medical alarm
on patients was presented and
a hypothesis generated: the
higher is the perceived sense of
safety when a medical alarm
goes off, the lower will be the
risk for a patient to develop a
state of anxiety while waiting

Jor the arrival of a nurse.

The knowledge achieved regar-
ding the needs of ICU patients in
relation to medical alarms and

regarding the obstacles encoun-

tered by nurses that negatively
mfluence thewr temporal re-
sponses to medical alarms have
contributed to having a clear,, .
understanding of the context.

In this chapter, two activitie’ “
performed with ICU nurses a

the EMC are presented: a ge-
nerative session with 24 parti-
cipants and an observational®
study.

[
The scope of these activities u
(1) to understand how to designl
an effective conununication tool
and to (2) define together with
experts the coneept.

defining the
concept

4.1 | Patient- nurse- alarm nterac-
tions

The information gathered in the interactions
with nurses help patients to familiarize with
the ICU environment, including its sound-
scape, and to promote understanding; instead,
the lack of support reduces the possibilities to
adapt to this environment adversely influenc-
ing the psychological well-being.

Nurses interact with patients for different rea-
sons among a day, especially because patients
are totally dependent to them and not capable
to satisfy even their basic needs due to their
medical conditions.

One of the most common interaction is in the
case of a medical alarm. When a medical alarm
goes off, nurses are required to check their
patients and make sure that everything is fine.

Medical alarms are encoded messages meant
for nurses who have the knowledge to decode
them (Fig. 28). Firstly, nurses are the (in-
tended) receiver of this message; but, after
decoding it, they cover the role of senders of a
message which they will provide to patients to
help them interpreting and properly appraise a
medical alarm. Therefore, when no interaction
with nurses occurs, patients, who are them-
selves (even if not intended) receivers of the

encoded messages - because directly exposed
to the alarms - cannot decode them.

Basically, medical alarms guide nurses towards
the problem by helping them monitor a patient
more effectively, thus increasing their control
over the situation. Nurses use such auditory
stimuli as a means to identify the source of

an alarm, to understand the level of urgency
and to decide which action to take. Therefore,
alarms require nurses a significant cognitive
effort and which must be performed in a very
short period of time.
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Figure 28. The nurse-patient-alarm interaction. In this illustration, it is possible to understand how the interaction between nurses,
patients and a medical alarm happens. The message (alarm) is received by both users but only nurses are able to decode it. When the
nurse interacts with the patient the content of the message is explained and the patient can properly appraise the alarm. However,
when this interaction does not occur, patients are not able to understand the alarm, thus resulting in high-stress levels and anxiety.

On the other hand, patients by
continuously observing to nurses’
actions and reactions towards an
alarm and listening to their ex-
planations, reappraise the alarm
and learn how to interpret them.
Nurses’ verbal and no-verbal com-
munication influence patients’
emotional reactions, and repre-
sent the content of the message
which nurses deliver to a patient.

Many factors, such as ratio
nurse-patient, many alarms, busy
schedules, beliefs and stress lev-
els, influence the way how nurses
react and interact with patients
when a medical alarm goes off,
usually making them less sensitive
and supportive.

Lack of support lead patients
to the development of a state of

anxiety.

To remove such a risk, the in-
teraction between nurses and
patients must always and timely
occur because nurses are the only
resource patients have to cope
with such a threat.

4.2 | Concept definition

|
Generative session

With the intent to understand
how to design an effect ive
communication tool, further re-
search on the nurses and patients
interactions in relation to medical
alarms was performed to define
how the communication occurs
with respect to the content and
the way how messages are con-
veyed. By doing so, I was aiming
at defining the communication
goals and qualities of the interac-
tive tool. As a result, a workshop
was organized during a Clinical
Class at the EMC.

Activities

27 nurses (13 male, 14 female)
participated to the session. Par-
ticipants were asked to reason on
how they comfort a patient when
a medical alarm goes off.

The session was divided in three
steps: (1) sensibilization through
the presentation of the fieldwork
research and outcomes, (2) a
group activity and (3) discussion.

After a brief introduction, nurses
were divided in four groups and
provided with a paper sheet (tool),
pens and post-its (Fig. 29 to 33).
They were invited to reason on the
strategies they employ to comfort
patients when a medical alarm
goes off. At the end of this activity,
each group was invited to present

their work to everyone. During
presentations, questions were
asked.

During the session, Dr E.O.Vieira
was present. She introduced me
to the nurses and helped with
facilitating the session. The pres-
ence of an expert was critical to
discussing the topic in detail and
gathering rich insights.

Approach

The Peplau’s Theory of Inter-
personal communication [3]

was used as framework to design
a tool and formulate research
questions. According to [3], there
are four different steps nurses and
patients need to go through to
build up a profitable relationship:
(a) orientation, (b) identification,
(c) exploitation, and (d) resolu-
tion. These steps were used as a
guide to help participants reason-
ing on the verbal and non-verbal
communication employed in the
interaction with patients for the
provision of information that
helps the latter to cope with a
medical alarm.

Research questions

Verbal communication
What nurses say?

1. Orientation
How do you prepare patients
about medical alarms?

2. Identification

How do you help patients to iden-
tify medical alarms?

3. Exploitation

How do you help patients to cope
with medical alarms?

4. Resolution

How do you assure that patients
are comforted?

Non-verbal communication
How do nurses convey the mes-
sage?

1. Orientation

How do you prepare patients
about medical alarms?

2. Identification

How do you help patients to iden-
tify medical alarms?

3. Exploitation

How do you help patients to cope
with medical alarms?

4. Resolution

How do you assure that patients
are comforted?

Analysis

The session was audio-recorded to
analyse it afterwards. Transcrip-
tions were made to facilitate the
phase. Quotes and insights from
the sheets of the assignments and
from discussions were compared,
clustered and interpreted by using
Peplau’s model and, later, sum-
marized to determine the char-
acteristics of such interpersonal
relation.

Content of messages and the way
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how they are conveyed by nurses
to patients were identified. Find-
ings were used to formulate the
Interactive tool personality traits,
as well as to define the levels of
information.

Results

From data analysis appeared that
nurses, to remove anxiety evoked
by medical alarms, usually follow
a set of rules that describe the
type of verbal and non-verbal
communication that should be
employed in interacting with the
patients. In addition, I learned
that the provision of information
(the content and way of conveying
a message) varies according to the
characteristics of a patient as age,
social class, personality, health
status can impact upon stress and
anxiety.

A clear understanding of the con-
tent of the messages, as well as the
way how these must be conveyed,
was reached.

Starting from the analysis of how
a message is conveyed (non-ver-
bal communication), I was able

to define some personality traits a
nurse should show in such inter-
action.

Hence, when a medical alarm
goes off, nurses should have a
reassuring and friendly attitude
(regardless of the type of alarm).
A relaxed posture, slow-talking,

a low and soft tone of voice, eyes make sure that patients have
contact and - with some patients -  understood what has happened
even physical contact (e.g. touch-  and whether they are at ease;

ing the shoulder, hold the hand) finally, they should always reas-
are fundamental ingredients to sure patients that they are contin-
employ in the attempt of calm- uously monitored, even if from a
ing a patient down and remove distance.

anxiety.

In the analysis of the content of
the conversation (verbal com-
munication), it has emerged that
there are topics commonly treated
and presented, usually in a specif-
ic order, to patients.

In general, nurses need to be
explanatory and use a simple
language. Firstly, and since their
ICU admission, patients should
be introduced to medical alarms
providing explanations regarding
the types of medical alarms, how
nurses handle medical alarms and
which reactions patients should
expect from nurses in relation to
the different alarms.

During the hospital stay, when

a medical alarm goes off nurses
should provide more detailed
information, such as the causes of
an alarm and its source, includ-
ing instructions that could help
patients to prevent the occurrence
of some alarms. At the end of this
interaction, and before leaving
the room, nurses should always
give patients space and time to
ask questions. Nurses should

Figure 32

Figure 30

Figure 33
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Engaging

Simple

qualities of interaction

levels of information

Orientation Identification Exploitation Resolution

Level of acknowledging

Level of informing
Level of instructing
_ Level of comforting

Level of distracting

Figure 34. Levels of information and
interaction qualities. The communica-
tion between a nurse and a patient is
characterized by the types of info provi-
ded (levels of information), as well as the
way how the nurse convey the message
(interaction qualities).

1. Orientation
Explaining the alarms

“[...] explain that there are two
kinds of alarms: a no emergency
and an emergency alarm. In case
of a no-emergency alarm it will
take some minutes before there
will be a nurse in the room.”

“[...] explain that most kind of
alarms are non-emergency alar-
ms and tell that not every alarm
is serious [...]”

2. Identification
Explaining the cause of an alarm

“[...] if an alarm often goes off,
explaining that it is because of a
certain thing, such as moving of
the patient’s hand [...]”

“[...] tell which machine gives the
alarm”

3. Exploitation
Explaining how to prevent some
medical alarms

“[...] explain how to take care for
his/her SPO2 sensor “

“[...] explain how to move his
wrist in case of an arterial cathe-

ter[...]”

4. Resolution
Explaining that they are conti-
nuously monitored

“[...] telling the patient that even
they cannot see us, nurses always
see them or at least their vitals

[..]°
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Conclusions

Focusing on the interpersonal
relationship between patients and
nurses and on the way how they
interact when a medical alarm
goes off, it is possible to observe
that the information provided to
patients have multiple roles: to
acknowledge, to promote under-
standing, to comfort, to instruct
and to distract (Fig. 34).

Levels of information

In the interaction with nurses,
verbal and no-verbal communi-
cation aims to acknowledge a pa-
tient, as well as inform, instruct,
comfort and distract him/her
from an alarm. These actions can

be described as communication
goals or levels of information.

To reduce the risks of developing
a state of anxiety while waiting
for the arrival of a nurse when

a medical alarm goes off, it was
necessary to consider the achieve-
ment of the same goals through
the use of an interactive tool that
put these users in communication
by a distance. Most important was
to think about the provision of
messages that satisfy the patients’
need of feeling safe.

Five levels of information were
defined: (1) level of acknowledg-
ing, (2) level of informing, (3)
level of instructing, (4) level of
comforting and (5) level of dis-
tracting. These levels were used

as guidance for the definition of
the content of the messages that
are provided through the interac-
tive tool.

1. Level of acknowledging. It is
the level in which nurses enter a
room to intervene thus showing
patients that they have noticed the
alarm.

2. Level of informing. It is the
level in which nurses give infor-
mation to the patients about the
medical alarms thus promoting
their understanding.

3. Level of instructing. It is the
level in which nurses teach pa-
tients how to prevent the occur-
rence of some alarms.

4. Level of comforting. It is

the level in which nurses make
patients feel better by being kind
and sympathetic towards them.

5. Level of distracting. It is the
level in which nurses take the
patients’ attention away from the
alarms and what they were doing
and thinking.

Design qualities

The definition of the personality
traits of the Ideal nurse was nec-
essary to determine the interac-
tion style of the interactive tool.
A research conducted by [44]
about Sound Cultures of Critical

Care was consulted. In this study,
the researcher identified three
different types of ICU nurses who
are distinguished by two general
“driving forces”: orientation of
wellbeing and perceived control.
According to [44], nurse’s orienta-
tion of wellbeing explains whether
a nurse acts more from the per-
spective of her personal wellbeing
or more from the perspective of
other’s wellbeing; while, with
nurse’s perceived control, the re-
searcher referred to the extent to
which a nurse experiences having
control over her environment.

A. The Docile - Novice nurse who
is the nurse with less experience
and who always looks to the other
nurses with more experience for
confirmation. This type of nurse
always behaves for the other’s
well-being, and she can be defined
as a Follower nurse;

B. The Opinionated — Profes-
sional nurse who is the nurse
who hates the sounds and usually
behaves less kind and focusing
only on his/her own needs and
well-being. This type of nurse can
be described as an Individualistic
nurse;

C. The Assertive — Ally nurse
who is the nurse who thinks that
sounds are bad for everyone,
and especially for patients, but if
nurses work as a team they can

improve/reduce the sounds. This
type of nurse can be described as
Collective nurse.

Each personas has specific charac-
teristics which reflect the way how
they behave, also, towards medi-
cal alarms, as well as the way how
they support patients.

As a result, I was able to select a
list of qualities that should belong
to the personality traits of the Ide-
al nurse. Focusing my attention
on the Assertive - Ally nurse and
the findings from the generative
session, I had an overview of the
ideal behaviour a nurse should
have towards medical alarms and
in supporting patients. The select-
ed qualities were, then, translat-
ed into an interaction style that
provided guidance for making
interaction design choices for the
development of the Interactive
tool.

Personality and interaction style
The Ideal nurse is empathetic.
Her aim is to promote patients

well-being by reducing the possi-

bilities of experiencing stress and
anxiety. She is an attentive and

friendly nurse who timely takes

action when a medical alarm goes
off.

Regardless of the types of alarm,

she always wants to interact with
her patients to reassure them; as

a result, patients trust her be-
cause she is always present and
honest. Patients cannot feel alone
when she is around, because she_
always checks them even from
outside their room communicat-
ing through gestures. She always
wants to let patients know that
they do not have to worry because
she takes care of them.

The Ideal nurse wants patients

to understand what is happening

Reliable ——

and that patients collaborate with
her. Hence, by using a simple
language, she provides clear ex-
planations that patients can easily
understand and use to cope with
alarms.

——= Explanatory

Engaging

Figure 35. The Ideal nurse. The adjectives describing the Ideal nurse refer to the way
how a nurse should interact with a patient when a medical alarm goes off in order to
reduce the risks of increasing stress levels and to remove anxiety.
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Observational

study

The department of Adult ICU of
the EMC was visited an additional
time and more detailed informa-
tion about the way how patients
and nurses interact and use the
space were collected [45].

The investigation conducted at
this phase of the design process
was necessary to define and test
together with experts the concept.

Activities

During the investigation, two
different activities were per-
formed, (1) observations and a
(2) role-playing activity.

Observations

In this activity, I covered the role
of a participant as an observer by
shadowing a nurse [45] during the
evening shift, from 3pm to 11pm.
This role gave me the possibility
to better empathise with the nurs-
es and to understand how they
make decisions and react towards
alarms. By wearing a nurse’s

uniform, patients and their family
members were not aware of my
presence that day, but they per-
ceived me as a part of the clinical
staff. This approach helped me to
become a participant of the nurs-
es’ workflow and without influ-
encing other users behaviours.

Approach

During the investigation, there
was a nurse who guided me
through the ICU; the nurses’
workstation, the patients’ boxes,
the medical devices and medical
alarms were shown and explana-
tions about how nurses handle
medical alarms given.

Different alarms went off and the
physical reactions of patients were
observed from inside their rooms.
A pager was given to me and
explanations about how to inter-
pret the notification reporting an
alarm given by the nurse.

In general, each time a medical
alarm was going off, I was guid-

ed by a nurse throughout his
decision-making process: from
the moment a notification was
received on the pager, until the
moment of entering the patient’s
room and comforting the latter.

The nurse showed me how
medical alarms are handled and
how the various types of medical
alarms influence the behaviours
(e.g. in case of a false alarm,
nurses usually tended to delay
their intervention). In addition, I
observed how, by a distance, nurs-
es are able to distinguish medical
alarms and which strategies they
usually employ to calm patients
down.

Finally, I was collecting notes
through a book-notes and taking
pictures reporting some relevant
information (e.g. vital signs in the
monitors outside the room).

Results

The observational study gave me
an overview about nurses’ work-
flow and a deeper understanding
of the difference between true
(clinically relevant) and false (not
clinically relevant) alarms.

The observations helped me to
identify the nurses’ need for com-
munication with their patients
when an alarm goes off. Nurses
acknowledge the importance of
communication to restore calm
and remove anxiety, thus, when
they cannot timely react over an
alarm, they get stressed.

In addition, the current system
(pager) does not contribute to ad-
dressing such a need, and nurses
would like to have more control
on their pagers, for instance, they
would like to have access to their
patients’ vitals without the need
of checking on other devices and,
as a result, being able to commu-
nicate directly with them without
the urgency of reaching their
rooms, especially when a false
alarm is going off.

Conclusions

Experiencing the ICU from the
eyes of nurses helped me to ap-
preciate what’s being a nurse in
the ICU means.

Nurses try their best to properly
support their patients, sometimes

running within the unit to reach
aroom. The lack of a system that
gives them the opportunity to
communicate by a distance with
a patient reduces the time they
could spend interacting with
their patients. The pressure that
nurses experience is often really
high. Nurses need to make fast
decisions and to be focused while
caring for a patient; indeed, a
wrong decision or a fast attempt
to resolve a problem could cost
the life of a person.

During the interaction with a
patient, nurses should be able to
do their job properly while offer-
ing the expected support to each
patient they care for.

Choosing to become an ICU nurse
is a vocation. These people save
lives and give patients and their
relatives hope. I saw that some-
times is really hard even for a
well trained and long experienced
nurse to stay strong, especially
when they are dealing with a pa-
tient who might not survive.

For this reason, it is important
providing nurses with a solution,
an interactive tool, that also satis-
fy their need for communication
with a patient in order to reduce
the stress they usually experience
when not able to properly support
their patients.
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Role-playing

A discussion about the concept
was opened. In this second activ-
ity, I was introduced to several
nurses who were working in my
unit.

Most of the patients were already
asleep; as a result, I had the
opportunity to recruit four nurses
for a role-playing activity. The
scope of this activity was to test
the concept and to define together
with experts the content and the
structure of the design.

Role-play is a “representation
technique that allows explaining a
service or product idea by acting
out an exemplification scenario of
use” [46]. By using this technique,
I was able to capture different
insight and learn more about the
concept, especially how it could be
implemented within the current
system and how users could inter-
act with such a system.

Approach

Participants were firstly invited to
sit in a room adjacent to the unit
where I introduced the concept
and we had an initial discussion
about its functionalities.

Later, while we were walking
around the unit, they were invited
to think aloud and imagining to
use such a tool. Nurses were using
their pager and showing how they
usually interact with other devices
when they make decisions and

how they would like to control

the flow of information from this
device. In addition, we entered
inside a patient’s room where we
discussed types of information
and methods for the provision of
such information to patients.
Finally, data were collected
through a book-notes and pictures
captured.

Results

Nurses believed that the possibil-
ity to communicate by a distance
with patients who are waiting

for their arrival can increase the
perceived sense of safety.

Although the levels of acknowl-
edging, informing and instruct-
ing have aroused more interest
among participants, promoting
the understanding of alarms was
considered as relevant only in
case of false alarms. The provision
of information can contribute

to build-up the relations with
patients and open new collabora-
tions.

Patients - who are conscious

and not paralysed - could au-
tonomously deactivate an alarm
(e.g. reattach the Pulse oximetry
sensor) if nurses can send them a
message that shows them how to
reattach, for instance, a sensor. In
addition, such collaboration might
also contribute to the reduction

of the duration of some medical

alarms.

Regarding the level of acknowl-
edging, the idea defined with
nurses was to passively involve
patients in the nurses’ deci-
sion-making process showing,
also, the time required by a nurse
to reach the room; about the
levels of informing and instruct-
ing, more attention on the content
of the message needed to be put
because such solution should not
contribute to increasing patients’
stress levels and anxiety.

By reasoning on the types of
alarms and how nurses usually
react to each type of alarm, two
scenarios were identified: in the
case of clinically relevant alarms
nurses always and timely en-

ter the patient’s room, thus the
provision of information should
be limited to the level of acknowl-
edging; in the case of a no-clini-
cally relevant alarms (e.g. false
alarms), the provision of infor-
mation can be extended to all the
levels, especially because nurses
tend to delay with their response.

The levels of comforting and dis-
tracting were also discussed and it
was concluded that it must be the
content of the messages and the
way how these are communicat-
ed to reassure and move patient
attention away from the auditory
stimuli.

Conclusions

Role-play was a powerful method
which gave me the opportunity to
understand the strengths and the
weakness of my concept, as well
as to generate new ideas.

Enabling nurses to communicate
with a patient by a distance might
benefit many users, including
family members who usually
overreact when a medical alarm
goes off.

By using the interactive tool, nurs-
es might experience less stress
when unable to communicate with
their patients and, also, spend
more time with their patients.

The interactive tool might con-
tribute to the improvement of the
quality of care by giving nurses a
means through which always can
support their patients, and to pa-
tients the possibility to receive the
expected and needed support.

Figure 36. Concept. The figure shows
the role of the Interactive tool in the
nurse-patient-alarm interaction. The
provision of feedback/information by a
distance make nurses able to interact with
their patients especially when they cannot
timely intervene in the case of a medical
alarm.
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4.3 | Design requirements

In this section, the character-
istics of the Interactive tool are
described and a list of require-
ments is provided. Meeting these
requirements will increase the
possibilities to satisfy the nurses’
need for communication and the
patients’ need for feeling safe.

The qualities of the Ideal nurse
and the levels of communication
were used to define the content,
appearance and interaction of the
interactive tool. The aim of the
interactive tool is to put nurses
and patients in communication by
a distance to timely acknowledge
and inform the latter about an
ongoing alarm.

Control

- The Interactive tool should not
be controlled by patients but
being always active; only nurses
should be able to deactivate it if
needed or requested;

- Through their pagers, nurses
should control the interactive

tool and have direct access to the
patients’ vitals data to timely and
adequately make a decision on the
types of information to share;

- Patients should be given a rea-
sonable amount of time to consult
and interpret each information;
Interaction

- No physical interactions should

be required to patients to access
the information which, instead,
should be automatically provid-
ed in the form of visual feedback
through a communication channel
easy to access from their bed, such
as a screen;

- The interaction with the inter-
active tool should reassure and
engage patients by capturing their
attention and distract them from
the auditory stimuli;

- The interactive tool should not
produce any sound so as not to
increase noise pollution inside the
room;

- The interaction style of the in-
teractive tool should be designed
according to the Ideal nurse’s
personality traits qualities: timely,
friendly, engaging, honest and
reliable;

Content

- The message provided must be
explanatory and easy to interpret
without requiring patients any
cognitive effort to comprehend it;

- When there are no active alarms,
the interactive tool should always
show patients information about
the nurse who is taking care of
them to make them feeling mon-
itored;

- When a medical alarm goes

off, the interactive tool should
passively involve a patient in the
nurses’ decision-making process
by showing whether a nurse has
been informed and has accept-

ed the notification reporting the
alarm, if she is taking care of the
alarm and how long to wait before
her arrival;

- The information provided
should always be honest and
reflecting the reality to do not fail
the patients’ expectations;

- When is possible, the interactive
tool should also show to patients
the reason for an alarm and in-
structing them on how to deacti-
vate some of them;

Appearance

- The appearance of the inter-
active tool should reassure and
comfort patients;

- The information shown on the
interactive tool should be easy to
recognize and discriminate, con-
cise and consistent;

- The information provided in the
interactive tool should be reada-
ble at a distance of three meters,
especially if considered the use

of the TV screen placed in each
room and positioned at a distance
of about three meters from the
patients.
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Chapter

In this chapter, the functiona- The desigi
lities of the Interactive tool are
described.

Based on the desi
gning a
t 0

designing Overcome
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5.1 | Functionalities of Overcome

In this project, we focused on not requires any cognitive ef- .

patients who are conscious during fort for their interpretation; as a (Level of) acknowledging

ICU stay and who do not suffer result, the use of visual elements

from any psychological disorder, was adopted.

such as Delirium. Some of the

most common factors patients Overcome is a digital interface

in the ICUs are exposed to were which informs visually patients

considered for the development through medical alarms feedback

of the design, such as attachment  provision. The tool wants to satis-

to wires, tubes or sensors, high fy the nurses’ need for communi-

noise levels, unfamiliar setting cation and the patients’ need for

(environmental constraints), feeling safe.

inability to move the body, being

forced to stay always in a supine Nurses might control Overcome

position on the bed (external by a distance through their Pagers

demands), pain, lack of control of  deciding whether to activates or

the situation, altered perception deactivates it and on the types of

of the time, memory loss (coping feedback to provide.

constraints).
Finally, in the current situation,

Patients’ use of Overcome is the support patients receive by g

limited to providing a message, nurses to cope with a medical E

or feedback, that informs about alarm is provided only when a ‘E

the nurses’ decisions about an nurse enters the room; in addi- 3

ongoing alarm, thus removing the  tion, to reduce the risks of devel- :c';

uncertainty of being monitored oping a state of anxiety is neces- E

and set their expectations inrela-  sary that such support is timely o

tion to the clinical staff reactions;  provided. =

instead, explanations and instruc-  Overcome might then fill the

tions about medical alarms can gap related to the lack of support

reduce the uncertainty elicited by =~ experienced by patients when a

their ambiguity. Therefore, the nurse delays to intervene. How-

patient is required to read the ever, for the effective removal of o

information shown and adjust a state of anxiety, the presence of % f

his/her emotional reactions to the  a nurse should always be guar- Figure 37. Concept. .E_. ,i

medical alarm. anteed after feedback provision. The illustrations g g
Indeed, a digital interface cannot showf how Overco-  — =

Considering the patients’ con- replace a nurse whose role is also me interacts with O c

. . . . . the patient and how Ty =
straints, it was necessary to think  to answer patients’ questions and nurses can control > 3
about providing a message that provide emotional support. it. = a
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5.2 | What is a feedback?

For patients, the message must

be comprehensible and easy to
access without requiring them any
physical or cognitive effort.

Research on the field of Visual de-
sign, which investigates “methods
to communicate and inform vis-
ually users” [47], led me to focus
on the development of a feedback
interface, where the use of icons,
labels and progress bars support
users’ memory and reduce cog-
nitive load when interacting with
the system [47].

Feedback is defined as “actions
taken by (an) external agent(s)

to provide information regard-
ing some aspect(s) of one’s task
performance” [48]. When design-
ing feedback and to improve its
effectiveness, is necessary to pay
attention to the timing, delivery,
and content of the feedback, as
well as on the technology, mo-
dality and presentation and user
experience [49].

Technology

Feedback can be delivered
through many different techno-
logical channels, such as websites,
Smartphone apps, wearable,
home displays, etc.

Content

Content, which must fit the receiv-
er characteristics, affects feedback
effectiveness. As a result, it is

necessary to understand and take
into consideration the recipient
motivation, traits, abilities and
preferences when determine the
content of the feedback to deter-
mine, for instance,

the level of detail [49].

Timing

To improve effectiveness, feed-
back should be provided with no
or a short delay to give the recip-
ient the opportunity of changing
his/her behaviour while the action
is occurring (reflection-in-action).
Instead, long delay feedback can
be expected to be less effective
because leads users to reflec-
tion-on-action or reflections on
activities already occurred which
reduces the possibility for a
change on behaviour [49].

Modality

To increase feedback effective-
ness, it is also necessary to select
the optimal delivery channel or a
combination of channels, such as
visual, auditive, or tactile chan-
nels. The optimal modality choice
depends on the possibility of
disruption and the need for detail
[49].

For instance, visual modes are
more disruptive than the auditory,
which is in turn more disruptive
than tactile feedback. Similar-

ly, visual feedback can contain
more detailed information than
auditory, which in turn has more

capacity for detail than tactile
feedback [49].

Frequency and duration
Feedback frequency and duration
also influence its effectiveness.

In general, the more frequent

the feedback is delivered, over a
longer period of time, the more
the intervention will contribute to
behaviour change [49].

It is important to consider that
the frequency and duration of a
feedback depends on users’ cogni-
tive capacity. As a result, as long
as the frequency of the feedback
does not overwhelm an individ-
ual’s cognitive resources, more
feedback is better [49].

Presentation and user experience
Visual design aspects, as well as
aesthetics determine the attitude
of users towards design as well as
the perceived ease of use (but not
actual use) [49]. For instance,

an intervention whit a pleasant
and friendly interface more likely
will make users more inclined to
use it. A clear design can improve
the fluency of feedback, as well as
help and lead users to focus on the
most important information.

Conclusions

Feedback must be adapted to the
recipients’ needs and abilities (e.g.
cognitive abilities). To increase
feedback effectiveness, it is nec-
essary to understand who are the

final recipients and why they need
feedback. This information helps
to determine what is the message
to convey (content), where and
when it needs to be delivered
(technology and modality), as
well as how feedback should be
presented (presentation and user
experience). Ultimately, feed-
back should be timely provided
with no delay (timing) and in a
continuous and frequent manner
(frequency and duration) to be
effective.
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5.3 | Layout and content

According to the design require-
ments, Overcome is a feedback
interface who nurses control by
a distance through their pagers

(Fig.37).

Although the use of two different
devices, a pager and a TV screen,
is required for the system to run,
the aim of this graduation project
was to understand how the pro-
vision of feedback through a TV
screen (placed inside the patients
room) can contribute to the re-
duction of the risks of developing
a state of anxiety in patients who
are exposed to a medical alarm;
therefore, it was not my goal to
develop the pagers’ interface nor
to test the extent to which the
system satisfies the nurses’ need
for communication.

>

In the interaction with Overcome,
patients are not asked to physi-
cally interact with the interface:
they do not have to manipulate
the interface nor to move between
tasks, applications, files, sections
or views, but they are asked to
read the information shown and
comprehend them.

Finally, three different ISO
standards were adopted for the
development of the Overcome’s
feedback interface and for testing
comprehensibility of the graphical
symbols designed.

Control and interaction
Overcome consists of a TV screen
- already placed on the patient’s
room - and the nurses’ pager.
Through the pager (controller)
nurses will provide feedback

that will be shown in the form of
animated icons in the TV screens
(information screen). The infor-
mation screen will keep patients
informed about the events and
without requiring them any inter-
action.

When a medical alarm goes off,
nurses receive a notification
reporting the alarm on their
pager. From their pagers, nurses
can visualize, accept or decline a
notification. Through Overcome,
nurse-pager interactions and their
decisions will be shown synchro-
nously on the information screen.

On the one hand, information
describing the steps a nurse takes
in the decision-making process
will be shown to patients in the
corresponding order and as
looped animation, and their du-
ration will depend on the time the
nurse spends before proceeding to
the next step. On the other hand,
a progress indicator with bullet
points will visually guide the
patient through the approaching
process showing the completed
and missing steps including the
time needed by the nurse before
entering the room.

Content and appearance
Level of acknowledging

The level of acknowledging is
the first level of information. By
reflecting on the “seen-function”
utilized by WhatsApp (which
informs the sender that his/her
message has been sent, received
and visualized by the receiver of
the message), the concept of feed-
back in the form of an animated
check-mark (Fig. 40) growing
on an animated bell (represent-
ing the ongoing alarm) has been
formulated.

In general, the value of the
“seen-function” is to provide more
transparency over the course

of a conversation to the users
involved. This function can be de-
scribed as an “awareness cue that
helps to compensate for the lack
of social information and which
support conversation” [50].

In Overcome, this concept has
been adopted and applied to
acknowledge a patient. As a result,
patients (unintended receiver of
the alarm) will be informed that
the notification reporting the
alarm has been sent through the
pager, and received and visualized
by the nurse (intended receiver of
the alarm). Hence, the animated
check-mark will remove the mys-
tery related to the uncertainty of
being monitored thus increasing
the perceived sense of safety.

Finally, at this level of informa-
tion, other types of feedback will
be provided to patients in an
attempt to increase their per-
ceived sense of safety: (a) a nurse
is (continuously) monitoring the
patient (Fig. 38), (b) there is an
alarm going off (Fig. 39) and (c)
a nurse has received and (d) ac-
cepted the message (Fig. 40).

Level of informing

The level of informing implies
the promotion of medical alarms
understanding. Patients’ inter-
pretation of a medical alarm is
based on the explanation and the
reactions of nurses towards the
alarm.

In Overcome, I applied this
knowledge to provide patients
with feedback that inform them
about the activity undertakes by

a nurse to solve the alarm and
feedback to understand the source
for the alarm. As a result, feed-
back in the form of an animated
hand lens (Fig. 41) moving around
an animated bell and feedback of
an animated object (representing
the source of the alarm) have been
designed.

The aim of the animated hand
lens is to inform patients that a
nurse is checking on the reason
for the alarm and to reassure the
latter that the nurse is already
taking care of the problem even

Figure 38

Figure 41

if not yet inside the room. Subse-
quently, the animated icon of the
reason for the alarm (Fig. 42),
such as the SpOz2 sensor, is shown
to promote the patients’ under-
standing over the alarm. A label
explaining the source and reason
for the alarm will help the patient
to better interpret the message.

Level of instructing

The level of instructing implies
that nurses provide patients with
indications to solve the alarm. In
the current situation, nurses show
patients how to prevent the oc-
currence of some medical alarms
by giving them suggestions about
which behaviours they should
avoid, such as the brisk movement
of a limb that could cause the de-
tachment of a sensor or the needle
for measuring blood pressure.

However, instructions can be giv-
en at the discretion of the nurse
only in the case of false alarms
and to patients who are able to
perform such a task.

In Overcome, animated icons
showing patients how to solve the
alarm (Fig. 43), such as how to
reattach a sensor or how to place
a limb were designed. These icons
are a guide for patients to solve
autonomously an alarm and to
reduce their duration.
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Level of comforting

Comforting a patient entails the
presence of a nurse inside the
room who through the provision
of empathy and caring support the
individual with reassuring words
and/or physical contact. As a re-
sult, such a level of comfort can be
achieved only through human-hu-
man interaction.

In Overcome, the level of comfort-
ing was accomplished by design-
ing an animated icon of a nurse
walking (Fig. 44). It was assumed
that informing a patient that a
nurse is on the way to entering
his/her room can reduce uncer-
tainty and comfort the patient.

In addition, feedback in the form
of a progress indicator bar (Fig.
45) was also designed to provide
patients with information about
how long is the waiting time.

On the one hand, showing the
waiting time might have a nega-
tive effect if the nurse enters the
room in delay compared to the
time shown. Indeed, showing

the time might increase patients’
expectations and, a delay, result
in more stress. On the other hand,
to do not fail the expectations of
a patient, the waiting time shown
must reflect the reality.

Therefore, more research on
sensors and into the development
of a network that could enable the

Figure 42

accomplishment of such a goal

is needed. Perhaps, the use of
GPS embedded in the pagers, or
Bluetooth Beacons installed in dif-
ferent locations in the unit could
help to calculate the time a patient
needs to wait based on the veloci-
ty and exact location of a nurse.

Level of distracting

On the level of distracting, the aim
of Overcome feedback interface is
to move the attention of the pa-
tient from the auditory stimuli, as
well as help to properly appraise
them. Animated icons, labels and
progress indicator bar not only
provide patients with information
to promote their understanding
and increase their perceived sense
of safety, but also to distract them
from the medical alarms.

Presentation of information
and user experience

To guide focus on and prioritise
certain information, a visual
hierarchy was needed to establish
and modulate the influence of the
various elements implemented.

Three user-interface elements
were chosen for the provision of
information: (a) text, (b) Animat-
ed Icons, and (c) progress indi-
cators.

Progress indicator was used

to show the time required by a
nurse to enter the patient’s room,;
animated icons, considered as the
most important piece of informa-
tion, were used to visually show
the content of the message; text,
in the form of label was used to
provide users with additional
information and to improve the
understanding of the meaning of
animated icons.

ISO 9241-125:2017
Guidance on visual presentation
of information

The ISO 9241-125:2017, which
provides recommendations
relating to the design and eval-
uation of visual user interfaces,
was adopted for developing a user
interface that could enable ICU
patients to perform the required
task effectively, efficiently and
with satisfaction [52]. The ISO

. 1. identification area

. 2. input/output area

e—1}—| 3.control area

o—1}—| 4. messagearea

Figure 46. ISO 9241-125:2017. Possible layout of different areas.

includes specific rules and gives
provisions for the organization
of information taking account of
human perception and memory
capabilities [52].

The ISO provides explanations
of the different areas, or section
or region of a display or window
(Fig. 46), that characterize a user
interface and which must be
considered for the distribution
of information when designing
the layout since each region must
display specific information:

1. Identification area, where the
title of the displayed information
is provided, is often located above
the input/output area;

2. Input/output area, where
information is received form users
and/or presented to users;

3. Control area, where control
information and/or controls

- user-interface elements - for
interaction, command entry and
command selection is provided,
may be positioned in different
parts of the display - such as the
input/output area;

4. Message area, where informa-
tion such as status updates and/or
other information - e.g. progress
indication - is provided, may be
positioned in different parts of the
display - such as the input/output
area.

Rules given in this document were
not applied in its entirety rather
selected according to the require-
ments established from design
research.

In conclusion, for the application
of the ISO 9241-125, there are
requirements that must be accom-
plished by referring to other ISO



Table 1

ISO 9241-125 | Section 5 - Visual structuring of information

The information presented in the Overcome’ feedback interface follows the these rules:

Information location

Information should be located to meet user expecta-
tions and task requirements;

Required information

All the information required to perform a given
task should be displayed in the input/output area;

Consistent location of areas

Areas used in the dialogue within an application
should be consistently located;

Density of displayed information

The density of displayed information should be
such that the information is not perceived as being
“cluttered” by the user and does not lead to a degra-
dation of tasks performance;

Distinction of groups

- Ensuring visual distinction of group, groups
should be perceptually distinguished by spacing

and location;

- Application of Gestalt principles (a) law of
proximity, elements in close spatial proximity are
perceived as belonging to each other; (b) law of
similarity, elements are perceived as belonging to
each other if they are similar; (c) law of closure,
non-existent parts of a figure are added or incom-
plete figures are completed automatically.

Sequencing
If the task requires a specific sequence for the

presentation of data, visual information should be
placed in an order which support that sequence;

ISO 9241-125 | Section 7 - Graphical objects

Arrangement of groups for rapid detection
and diserimination

If the task requires rapid visual search for a user
interface element, group of user interface elemen-
ts or a piece of information, each user interface
element, group and piece of information should, if
possible, occupy a portion of the display area that
is covered by the visual focus of the eyes (i.e. central
field of the view);

Labelling user interface elements

User interface elements (e.g. fields, items, icons and
graphs) or groups of user interface elements (e.g.
groups of checkboxes) should be labelled unless
their meaning is obvious and can be understood
clearly by the intended users;

Label designation

Labels should name the purpose and content of the
designated information item;

Grammatical construction of labels

Labels should be grammatically consistent, e.g.
consistent use of noun-verb combinations;

Label position

Labels should be consistently located adjacent to
the designated user-interface element;

Separation of labels and associated
information

Labels should be distinguishable from the infor-
mation which they are designating (e.g. icons, and
graphs).

The icons presented in the Overcome’ feedback interface follows these rules:

Neutral icons

In choosing graphical representations for objects
and actions, gender, racial, or other stereotyping
should be avoided;

Easy learning

To facilitate learning, concrete objects, familiar
symbols, or metaphors commonly associated with
what is being represented should be used
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standards which provide general
information about the visual
presentation of information. As a
result, for this project, I took into
consideration the general princi-
ples for the presentation of visual
information provided by ISO
0241-112:2017.

In the next paragraph, the ISO
9241-125 is discussed in more
detail and a list of rules adopted
in this project is presented. These
rules regard three sections of the
IS0, (a) Section 4 - Application
of ISO 9241-125, (b) Section 5 -
Visual structuring of information
and (c) Section 7 - Graphical
objects.

Section 4

Application of ISO 9241-125
This section consists of four sub-
sets, (1) Subset 4.1 - Accessibility,
(2) Subset 4.2 General guidance
for presentation of information,
(3) Subset 4.3 - Guidance on the
presentation of visual informa-
tion and (4) Subset 4.4 - General
issues for the display of visual
information.

In this project, the Subset 4.2 was
accounted and more details are
presented in the paragraph ISO
0241-112:2017.

Section 5

Visual structuring of information
This section consists of two sub-
sets, (1) Subset 5.1 - Arranging

and labelling information and
(2) Subset 5.2 - Using windows
to present information, and only
Subset 5.1 was accounted for the
development of the interface
(Table 1).

Section 7

Graphical objects

This section consist of two sub-
sets, (1) Subset 7.1 - Cursors

and pointers and (2) Subset 7.2

- Icons, and only Subset 7.2 was
accounted because no cursors and
pointers are used for this interface
(Table 2).

ISO 9241 - 112:2017
Principles for the presentation of
information

The principles presented in the
ISO 9241-112:2017 were used to
design an interface that prevents
users from experiencing usability
problems with presented infor-
mation, such misinterpret infor-
mation since the meaning of the
information is ambiguous, etc.

In general, the principles are not
necessarily independent from one
another and the applicability and
the priority given to each princi-
ple vary with the specific field of
application, user groups, and the
dialogue technique chosen [53].
In Table 3 more details about the
principles.



Table 3

ISO 9241-112 | Section 6 - Principles and recommendations

The layout of Overcome’ feedback interface follows the these principles:

Detectability

The presented information is detectable if the in-
formation is presented so that it will be recognized
as a present [53]. Detectability concern four diffe-
rent aspects: prominence, timely presentation of
information, design the controls to be detectable,
and continuity. The guidance related in making
controls detectable by the users were not consi-
dered as Overcome’s feedback Interface does not
requires patients any physical interaction.

Prominence

- The user’s attention should be directed towards
information as required;

- The focus of attention should be set on important
information;

- The most important information (including
critical elements) should be presented to stand out
Jfrom other presented items of information and
secure the user’s attention.

Timely presentation of information

- The sequence of presentation of information
should take into account the logical flow and pri-
ority/importance of the information that is being
presented;

- Information that is less important should not
interfere with the presentation of important infor-
mation;

- The system should indicate when it is busy.

Continuity
- The system should make the user aware of the

end of a set of information.

Freedom from distraction

Presented information is free from distractions if
“the information is presented so that require infor-
mation will be perceived without other presented
information interfering with its perception” [53].
Distractions can result from both distracting
events and information overload.

- Presented task-relevant information should be
clearly distinct from any background or changing
information that is added to the presentation for
non-task-relevant purposes.

Discriminability

The presented information is discriminable if “the
information is presented such that discrete items
or groups of items can be accurately differentiated,
and if the items of information are presented in

a manner that supports their association with or
differentiation from other items or groups of items”

[53].

Structuring

The information should be structured in a consi-
stent manner according to the semantic approach
that best suits its use [53].

In this sub-section, four different types of approa-
ches to structure information are given.

For my project, I decided to use approach B -
usage-based structuring / option 1 - impor-
tance-based structuring, where the content is
structured based on the estimated order of relative
importance of different chunks of content to the
user.

Presentation attributes

- Items of information that are logically dissimilar
should be presented differently to make their diffe-
rences obvious.

Proximity

- Information should be presented in groups which
can be recognized as distinct from one

another;

- Items of information that belong together should
be presented in physical/temporal proximity to one
another;

- Objects in spatial, temporal, or acoustic proximity
to one another should be sufficiently separated to
avoid accidental activation of the wrong object;

- Physical and/or temporal spaces should be used
to separate groups of information.

Similarity

- Items of information that are logically dissimilar
should be presented using one or more different
attributes to draw attention to their dissimilarities.

Interpretability

The presented information is interpretable if “it will
be comprehended as intended” [53].

Comprehensibility

- Information should be complete (e.g. containing
all information items relevant for completing a
task);

- Information on the current states that affect inte-
ractions and processing should be available;

- Choices representing states should be titled using
adjectives (e.g. active/inactive) that unambiguou-
sly represent the state.

Unambiguous meaning

- Information should be presented with vocabulary
that the user is familiar with;

- Information should be expressed in a way which
will facilitate the user’s understanding;

- Simple linguistic constructions and word forms
should be used whenever possible;

- Presented information should be unambiguous.

- The meaning of abbreviations, acronyms, sym-
bols, and symbolism (including metaphors) should
be clear to the user.

Closure

- Where the presented information is intentionally
incomplete, this incompleteness should be clearly
indicated.

Textual coherence

- Short sentences should be used, where possible;
- Sentence structure should follow the preferred
ordering of the language being use (In English,
the ordering of subject-predicate-object improves
readability).

Selection and use of media/modality

- Where it is necessary to present dynamic media
concurrently in a single modality (e.g. two au-

dio tracks, two video presentations), they should

be managed or configurable so that the user can
obtain the primary information by focusing on only
one of the media at a time.

User capabilities

- Information presentation should be within the
cognitive abilities of users;

- Cognitive workload may be reduced by: (a)
focusing on the goal(s) and task(s) in a manner
unambiguous for the users; (b ) providing the users
with strategies for accomplishing goals and tasks;
(c) providing support for the users’ task(s), (d)
providing all necessary information in a manner
unambiguous for the users, (e) reducing memory
demands on the users, and (f) providing informa-
tion in a manner that best suits the users’ individual
needs.

Conciseness

The information presentation is concise if “only the
necessary information is presented” [53].

Conciseness of content

- The presentation should avoid excess information
(e.g. excessive wordiness, unnecessary visual attri-
butes, unnecessary background music, unnecessary
tactile stimulations);

- Redundant information should be minimized
unless it supports understanding;

- The user should be presented with information
that supports the recognition of which possible
tasks can be accomplished at this point in the inte-
raction;

- The system should enable users to access diffe-
rent amounts of information in order to meet their
individual needs.

Consistency

The presented information is consistent if “items of
information with similar intent are presented simi-
larly and items of information with different intent
are presented in different style and form within
and across the interactive systems and the user’s
environment” [53].

-Terminology should be consistent throughout

the interactive system, including terminology for
object names, classes of objects, actions and events,
command/control names, control options and at-
tributes, abbreviations, instructions and prompts,
feedback and error messages, and status reports.

- The grammatical format (e.g. verb tense) of simi-
lar items of information should be consistent;

- The behaviour of components should be consistent
throughout the interactive system;

- The relative positioning and layout of different
groups of user interface elements should be consi-
stent throughout the interactive system.
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Message area

Information about the status update
is provided in the form of two
looped-animation: a bar (both side)
and the nurse’s icon showing that
the system is properly working and
the nurse is connected.

Identification area

The title of the displayed
information is provided

Output area

The (main) information is present-
ed to users.

e The nurse is notified

Message area

The information about the status
update is provided in the form of a
progress indicator showing,
also, the steps required to conclude
the interaction.

Message area

Information about the status
update is provided in the form of a
looped-amimation: a bar
showing that the system is
properly working.
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Looped animation

The line situated between  content of the label and
the label and the progress separating text from other

Animated
Icon

The animated icon on
the top left of the
interface is a
representation of a
nurse who is taking
care of the patient.
This is a looped
animation. The
position in which the
icon is positioned is
the final one, or the
position reached after
a medical alarm is
detected. The icon
grows in size and
changes its position
(middle of the inter-
face) after the alarm
is stopped and the
nurse left the room.

Progress
indicator

The progress indica-
tor is positioned in
the middle of the
interface surround-
ing the animated
icon.

It communicates to
users approximately
how much time
remains them to
wait.

indicator is a looped visual elements.

animation which continu-
ously changes in length,
thus highlighting the

The nurse is notified

v

Animated Icon

A second animated icon is
positioned on top of the
main icon. This icon is also
animated and visually
explains to users the
meaning of the step in
which they are.

Label

The label is positioned on
the top part of the inter-
face to facilitate users
readability.

The use of a label is
needed to guide users

Animated Icon

The Animated icons are
looped animation posi-
tioned in the middle of the
interface to stress their
importance. They are the
most significant informa-
tion shown to patient
containig the main mes-

during the process and
increase the under-
standability of the

animated icons.

Looped
animation

The two bars placed
on both side of the
interface offer feed-
back that the system
is working, but it does
not give any further
information about
how long the user will
have to wait.

Bullet points

Four bullet points are
integrated in the
progress indicator.
Each one is changing
in color after the
progress line reach
them. Their aim is to
show that an activity
has been concluded.

/Ciz . | 2020

sage to convey. There are
three different animated
icons: a ringing bell, a
walking nurse, and a
moving hand. Only at the
third and fourth step, the
ringing bell will be replaced
by the other animated icons.
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The nurse is connected

Alarm detected

The nurse is notified

Level of acknowledging

Step 01.
Animated icon of the pulsing nurse.

This animation (and the label) are con-
tinuously shown. Only in the case of an
alarm, it reduces in size moving to the
top-left corner of the interface.

Level of acknowledging

Step 02.
Animated icon of the bell.

This animated icon (and the label) is
shown when a medical alarm goes off
and disappears only after the alarm is
deactivated.

Level of acknowledging

Step 03.
Animated icon of the Check mark.

This animated icon (and the label) is
shown only after a nurse has received, read
and accepted the notification reporting the
medical alarm.

) 1

The nurse is checking

Reattach the sensor

The nurse is on the way

Level of informing

Step 04.
Animated icon of the hand lens.

This animation (and the label) are shown
while the nurse is checking over the alarm.

Level of instructing

Step 05.
Animated icon of the reason for the alarm
/ how to solve the alarm.

This animated icon (and the label) is
shown after the nurse has interpreted the
alarm.

The icon of a “hand and a sensor” is just
an example; indeed, the icons can vary
according to the types of and the sources
of alarms.

Level of comforting

Step 06.
Animated icon of the walking nurse.

This animated icon (and the label) is
shown in correspondence of the nurses’
approaching phase in which the latter is
walks towards the patient room.
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5.4 | Prototype

To validate whether the design
qualities were well translated and
the information effectively provid-
ed, a prototype was created in the
form of a video which served as a
reproduction of the Overcome’s
feedback interface.

Firstly, by using Adobe Illustra-
tor, the layout of Overcome and
the user-interface elements were
designed. Labels, icons and the
progress indicator were later an-
imated and properly arranged on
the interface by using Adobe After
Effects.

For the video, created in Adobe
After Effects, it was necessary to
reason upon the steps patients go
through when a medical alarm
goes off (Paragraph 3.3), to
determine the duration and how
the user-interface elements must
interact between them.

Based on literature research, on
average patients can wait from

a minimum of 20 seconds to a
maximum of 5 minutes before a
nurse enters the room [22]. By
comparing this data with those
collected during the observation-
al study conducted at the EMC
as student-intern where I also
measured the reaction time of
ICU nurses on medical alarms, I
concluded that on average, at the
EMC, the waiting time is about 2
minutes.

Such a conclusion was used to
establish how long the provision
of feedback must last during

the waiting phase (questioning,
searching and submitting). In
addition, about two minutes were
added to the total length of the
video considering the phases of
waking up, interacting and sepa-
rating.

The nurse is connected

) 1

1. Status of the sytem: ACTIVE!

The nurse is connected

i ) 1

2. Status of the sytem: ACTIVE!

The nurse is connected
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The nurse is checking Reattach the seviso
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Figure 47. Motion graphics. The figure shows how the animated icons interact with each other.
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5.5 | Testing comprehensibility

In the development of the inter-
face, particular attention was put
on the principle of Interpreta-
bility presented in the ISO 9241-
112:2017, which is discussed on
the next section of this chapter.
Due to ICU patients restricted
cognitive abilities, the risks of
misinterpret information present-
ed are high.

Providing patients with ambigu-
ous information could add stress
and anxiety, thus failing the
design goal. As a result, it was im-
portant to test the extent to which
these animated icons (which rep-
resent the main information) were
easy to comprehend.

The animated icons were designed
to visually inform a patient pro-
moting the understanding of med-
ical alarms and nurses reactions
to increase their perceived sense
of safety.

To test their comprehensibility,
the ISO standard 9186-1:2014 was
adopted as a guide to design the
test.

ISO 9186-1:2014
Method for testing comprehensi-
bility

The ISO standard 9186-1:2014
specifies methods for assessing
the comprehensibility of graphical
symbols.

The standard provides a measure
of the extent to which a variant of
a graphical symbol communicate
its intended message. Its purpose
is to ensure that graphical sym-
bols and signs using graphical
symbols are readily understood.
The intention is to encourage the
development of graphical symbols
which are correctly understood
by users when no supplementary
(i.e. explanatory) text is presented
[51].

The study

The aim of this study was to un-
derstand how well the animated
icons - shown out of the context

- were understood by people from
different age-groups, gender and
educational levels. As a result,

a comprehension test has been
conducted over the Internet and
a total number of 30 persons par-
ticipated. In addition, because of
the main users of these animated
icons are conscious ICU patients,
we decided to invite former ICU
patients and to compare their an-
swers with those given by people
that represent the general popu-
lation.

Most of the participants were
recruited through Facebook,

in particular from Facabook’s
groups of former Intensive Care
patients. Participants were invited
to answer to questions in a Google
form and to share their personal

data.

Participants

80% of the participants (24) were
female (age 45.08), while the
remaining 20% (6) were male
(age 38). In addition, 50% of the
participants were former ICU pa-
tients (13 female / age 52.85 and 2
male / age 54), 47% general popu-
lation (10 female / age 25.14 and 4
male / age 30) and the remaining
3% was an ICU nurse (1 female /
age 43) who was included in the
group of former patients. Finally,
former ICU patients were older
(48.2 years old) than the other
respondents (34.4 years old).

Participants were divided into
two groups: general population
(N=14) and former ICU patients
(N=16).

12 of the 15 former patients were
in coma or induced coma for most
of the time spent in the ICU and
they were not conscious during
the period of hospitalization.

The test

Seven animated icons were pro-
posed to the participants and for
each animated icon, two questions
were asked (Q1. What do you
think this animated icon means?
and Q2. What do you think will
happen when you see this ani-
mated icon?).

Firstly, participants were briefly

introduced to the context where
the animated icons were shown.
In addition, information about the
concept and the design goal were
also given. In conclusion, partic-
ipants were invited to evaluate
the animated icons by writing
down what they thought each icon
meant and what could they expect
that would happen when such
icons were shown.

Data analysis

The five standard categories
proposed by the ISO 9186-1:2014
were applied to analyse the data
collected. The five standard cate-
gories are: 1=correct; 2a=wrong;
2b=wrong and the response giv-
en is the opposite of the intended
meaning; 3=the response given
is “don’t know”; 4=no response is
given [51].

Responses in category 2a and

2b are both to be categorized as
“wrong”, but those which indicate
an interpretation opposite to that
intended are to be listed separate-
ly and their frequency recorded
separately [51].

For each group, responses were
analysed separately and later
compared. The intended respons-
es for each animated icon were
prepared by the researcher and
used to categorize the responses
given by the participants. Each
given response was assigned to
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Question A : What do you think this animated icon means?
Animated 1. correct 2a. wrong 2b. wrong/opposite 3. dont know
Icons f % f f % f %
1 10 33% 19 64% 1 3%
2 20 67% 9 30% 1 3%
3 17 57% 11 37% 2 7%
4 24 80% 3 10% 3 10%
5 17 57% 12 40% 1 3%
6 21 70% 8 27% 1 3%
7 17 57% 12 40% 1 3%
Tot. 126 60% 74 35% 10 5%

Table 1. General results from all the participants (N=30) - Question A. f (frequencies) -

% (percentages).

one of the five standard categories
and the results were tabulated in
a matrix.

The matrix has three columns

and one row for each category of
response: 1 Correct, 2 Wrong, 3
Don’t know, and 4 No response.
For each animated icon, the
number of responses given in
each category was counted and
entered in the column headed “f”
(frequency). The frequencies were
later converted to obtain percent-
age values by dividing them by the
total number of responses given
for each animated icon in category
1to 3, and later multiplied by 100.

The percentages were entered in
the column headed “%”. Finally,
the cumulative percentage values
were entered in the column head-
ed “cum%”.

Results
According to the given responses,
the animated icons were com-

prehensible for the 58% of the
participants (correct answers =
Question A : 60% - Question B :
55%). In general, participants pro-
vided clear evaluations for most of
the icons shown, only one of the
seven animated icons was difficult
to interpret by all the respondents
(Animated Icon 1).

In Table 1, it is possible to see
that the animated icons 2, 3, 4,

5, 6 and 7 were well understood
by all the participants, while

only the animated icon 1 was not
really clear. In addition, the table
shows that a low percentage of
respondents (5%) was not able

to provide an explanation about
some proposed icons; thus, it can
be concluded that the message the
animated icons intend to convey is
comprehensible even without the
provision of additional informa-
tion. This result can be classified
as satisfactory, considering the
58% as our index of comprehen-
sibility.
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In Table 2, it is possible to see that
for most of the participants pro-
viding an explanation about what
they could expect when they see
the animated icon 1 was difficult;
however, in general, respondents
found easy to explain their expec-
tations when an icon was shown.
Interestingly, despite the 63% of
respondents clearly provided an
explanation about what to expect
with the animated icon 4, 30%,
instead, found difficult to give an
explanation. In conclusion, we
can say that the results from this
question are satisfactory, with an
index of comprehension equal to
55%. Thus, it seems that people
can have a clear understanding
of what they could expect after
seeing such icons.

Animated Icons

Animated icon 1

The intended meaning of the
animated icon 1 (Fig.48) is: “The
nurse is connected” (Question A),
while the explanation expected
about what could happen when
people see this icon is: “A nurse is
monitoring me” (Question B).

In Table 3 and Table 4, it is pos-
sible to see that for all the three
groups of participants the animat-
ed icon was not comprehensible.
The concept behind this icon is

to communicate people/patients
that a nurse is monitoring a pa-
tient continuously; instead, most

Question B : What do you think will happen when you see this animated icon?

Animated 1. correct 2a. wrong 2b. wrong/opposite 3. don t know
Icons f % f % f % f %
1 9 30% 19 63% 2 7%

2 17 57% 12 40% = = 1 3%

3 18 60% 10 33% 2 7%
4 19 63% 2 7% - - 9 30%

5 22 73% 23% 1 3%

6 16 53% 13 43% - = 1 3%

7 15 50% 13 43% - - 2 7%
Tot. 116 55% 76 36% - - 18 9%

Table 2. General results from all the participants (N=30) - Question B. f (frequencies) -

% (percentages).

of the respondents linked this
icon to the concept of calling a
nurse. Participants were thinking
that such an icon is shown after a
patient uses the alarm-bell to call
a nurse; thus, they were expecting
that, after calling, a nurse will
approach the patient’s room. As

a result, the icon seems to sym-
bolise the accepted help-request
from a nurse. However, despite
of this unexpected result, the
concept of calling a nurse might
be categorized on the section of
correct answers because the idea
of calling gives the feeling of being
connected with a professional
who, after receiving a request, will
reach the patient.

Animated icon 2

The intended meaning of the ani-
mated icon 2 (Fig.49) is: “Alarm
detected” (Question A), while the
explanation expected about what
could happen when people see
this icon is: “A nurse will come to
handle the alarm” (Question B).

Figure 48

Table 3. Question A: What do you think
this animated icon means?

Participants N  Correct Wrong Don‘ t

Former pat. 16 38% 55% 7%

Generalpop. 14 20% 1% -
Total 30

Table 4. Question B: What do you think
will happen when you see this animated
icon?

Participants N  Correct Wrong %
Former pat. 16 19% 67% 14%
Generalpop. 14  50% 50% -

Total 30

In Table 5 and Table 6, it is possi-
ble to see that the animated icon
was comprehensible for most of
the participants; however, for-
mer ICU patients were those that
encountered more problems in
providing the correct answer.

The concept behind this icon is to
communicate people/patients that
a medical alarm has been detected
by the system. Respondents pro-
vided, in most of the cases, a good
interpretation of the meaning and
expectancy. Especially within for-
mer patients, the icon was more
related to the call bell; thus, they
were expecting that such an icon
is shown when a patient press the
button for the call bell. However,
what participants were expecting
could happen after seeing this
icon was the arrival of a nurse
who will handle the alarm and/or
check what the patient needs.

Animated icon 3

The intended meaning of the
animated icon 3 (Fig.50) is: “The
nurse is notified” (Question A),
while the explanation expected
about what could happen when
people see this icon is: “A nurse
will soon come to handle the
alarm” (Question B).

In Table 7 and Table 8, it is pos-
sible to see that for most of the
respondents in the three groups
the animated icon was compre-
hensible.

Table 5.
Participants
Former pat.

General pop.
Total

Table 6.
Participants
Former pat.

General pop.
Total

Table 7.
Participants
Former pat.
General pop.
Total
Table 8.
Participants
Former pat.

General pop.
Total

Figure 49

N

16

14
30

Correct Wrong
44%  49%
93% 7%

Correct Wrong
50%  44%
64%  36%

Figure 50

N
16
14
30

N

14
30

Correct Wrong
63% 24%
50% 50%

Correct Wrong
50%  37%
71%  29%

Don't
know

Don't
know

6%

Don't
know

13%

Don't
know

13%

Th e concept behind this icon is

to communicate people/patients
that a nurse has been notified and
has accepted to handle the med-
ical alarm. As a result, patients
should expect that there is a nurse
who already is taking care of them
(by a distance).

Despite the general positive re-
sults, some of the participants in-
terpreted wrongly the check-mark
on the animated bell. The check
mark was described as a sign that
indicates that everything is ok
(despite an alarm is going off)
and the alarm has been already
handled/switched off. However,
in the real situation, this animated
icon will be shown while an alarm
will go off and before a nurse will
handle it.

In conclusion, it seems that the
check mark is an ambiguous sign
that could lead some people/pa-
tients to a wrong interpretation
and conclusion.

Animated icon 4

The intended meaning of the
animated icon 4 (Fig.51) is: “The
nurse is checking” (Question A),
while the explanation expected
about what could happen when
people see this icon is: “A nurse is
looking for the cause of the alarm”
(Question B).

In Table 9 and Table 10, it is pos-
sible to see that for all the three
groups of participants the ani-
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mated icon was comprehensible.
The concept behind this icon is to
communicate people/patients that
a nurse is checking for the cause
of the alarm. In general, the in-
terpretation of this animated icon
was good and participants were
able to understand what to expect
by seeing such an animation.
However, a considerable percent-
age of respondents were not able
to provide an answer, especially
when question B was asked.

In conclusion, it seems that the
lens moving on the bell can be dif-
ficult to interpret for some people,
and it might lead to confusion and
uncertainty rather than clarify the
situation and provide comfort.

Animated icon 5

The intended meaning of the
animated icon 5 (Fig.52) is: “The
nurse is on the way” (Question A),
while the explanation expected
about what could happen when
people see this icon is: “A nurse is
arriving “ (Question B).

In Table 11 and Table 12, it is pos-
sible to see that while the general
population and the ICU nurse
correctly interpreted the animated
icon, the former patients had a
wrong interpretation of it.

The animation with a nurse who
runs has been described, especial-
ly by former ICU patients, as an
emergency situation. The concept
behind this icon was to commu-

Table 9.
Participants
Former pat.
General pop.
Total
Table 10.
Participants
Former pat.

General pop.
Total

Table 11.
Participants
Former pat.

General pop.
Total

Table 12.
Participants
Former pat.

General pop.
Total

Q

Figure 51

N

16

14
30

N

16
14
30

16
14
30

16

30

Correct Wrong D’Mﬂ
81% 12% 7%
71%  15%  14%

Correct Wrong m
63% 4%  33%
64% 7% 20%

X

Figure 52

Don't
Correct Wrong P
31% 62% 7%
86%  14% -

Don't

CorrectWrong‘

50%

nicate patients that someone is
coming to help them, but it was
not our intention communicate

a state of emergency. The hur-

ry nurse was preferred over a
walking nurse because we hy-
pothesised that seeing someone
running could have made patients
feel safer. Indeed, the idea of a
running person might give the
impression that a nurse will reach
a patient very soon.

In conclusion, it seems that the
icon requires some adjustments
to facilitate people comprehen-
sion and to lead them to a correct
interpretation. It is important

to consider the fact that seeing a
person who runs can make others
feel in danger. As a result, patients
should became more stressed,
instead of calm down.

Finally, the way how this animat-
ed nurse is moving need to be
adjusted from running to walking.

Animated icon 6

The intended meaning of the
animated icon 6 (Fig.53) is: “The
sensor is detached/Reattach the
sensor” (Question A), while the
explanation expected about what
could happen when people see
this icon is: “The patient needs to
reattach the sensor “ (Question B).

In Table 13 and Table 14, it is pos-
sible to see that for all the three
groups of participants the ani-

mated icon was comprehensible,
except for the former ICU patients
who in the question B provided a
not correct answer.

The concept behind this icon is to
communicate people/patients that
the SPO2 sensor is detached from
the patient’s finger, and it, also,
invites the patient to reattach it.
Some former patients interpreted
this animated icon as a message
that inform and invite people to
measure their oxygen level or vital
signs, or as an emergency. Howev-
er, for most of the others partici-
pants the message conveyed and
the invite of reattach the sensor
was clear; only in some cases,
some respondents were not sure
whether the invitation of reattach-
ing the sensor was intended for
the patient or the nurse.

In conclusion, it seems that the
animated icon must be presented
with additional information that
clarify what is happening and

who have to perform the action
suggested.

Animated icon 7

The intended meaning of the an-
imated icon 7 (Fig.54) is: “Alarm
off” (Question A), while the expla-
nation expected about what could
happen when people see this

icon is: “Everything will be quiet”
(Question B).

In Table 15 and Table 16, it is pos-
sible to see that for all the three

Table 13.
Participants
Former pat.

General pop.
Total

Table 14.
Participants
Former pat.

General pop.
Total

Table 15.
Participants
Former pat.

General pop.
Total

Table 16.
Participants
Former pat.

General pop.
Total

L

N

14
30

N

16

14

30

N

14
30

N

14
30

W

Figure 53

Correct Wrong zf:;
56% 37% 7%
86% 14% -

Correct Wrong 210:1:
50%  43% 7%
64%  36% -

Correct Wrong g:;‘w"
56% 37% 7%
57% 43% -

Correct Wrong g!":w"
56% 33% 7%
36% 57% 7%

groups of participants the ani-
mated icon was comprehensible,
except for the general population
who interpreted the cross (X) over
the bell in different ways, such

as the alarm do not need to be
checked, a non urgent situation or
malfunctioning.

The concept behind this icon is

to communicate people that an
alarm has been switched off. How-
ever, as in the case of the check
mark (animated icon 2), the cross
can be misinterpreted.

In conclusion, it seems that the
Cross (X) is ambiguous and it

can lead patients to misinter-

pret the message that wants to

be conveyed. It is important to
notice that, in this case, was more
difficult for the general popula-
tion to correctly interpret such a
message, while it was easier for
the former patients.

Conclusions

In general, the results from the
comprehension test were sat-
isfactory; in fact, 58% of all the
participants were able to pro-

vide a correct interpretation of
the animated icons. In addition,
former ICU patients are those that
had lower performance (correct
answers: A: 52% / B: 48%) com-
pared to the other respondents
(correct answers: A: 67% / B:
64%). As a result, we can conclude
that for former ICU patients the
index of comprehension is equal
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Index of comprehension

Animated Icon 1
Animated Icon 2
Animated Icon 3
Animated Icon 4
Animated Icon 5
Animated Icon 6
Animated Icon 7

Average

Total average

0% 20%

B Former patients ® General population

290%
40%
47%
57%
41%
53%
56%
47%
51%
58%
40% 60%

79%

61%

72%
68%

93%

75%

66 %

80% 100%

Figure 55. Index of comprehensibility for each animated icon with respect to the two groups, and total average.

to 50%, while for the general pop-
ulation the index is equal to 66%.

According to this result, we can
conclude that the animated icon 1
(Fig.48) was the less understand-
able for both the groups; while the
animated icons 3, 4, 6 and 77 (Fig.
50, 51, 53 and 54) were equally
understood by both the respond-
ents of each group; however,

the animated icons 2 and 5 (Fig.
49 and 52) were more easy to
comprehend for the group of the
general population, than for the
group of former ICU patients.

In light of this conclusions, it

seems necessary to improve the
design of the animated icons
making them more clear and less
confusing.

Firstly, it is important to reduce
the ambiguity that some element
could create during interpre-
tation. To help overcome the
ambiguity of some icons, a text
label must be present alongside an
icon to clarify its meaning in that
particular context. Implementing
labels that provide users with an
explanation of the message that
the animated icons want to con-
vey, is considered a good solution
that might reduce misinterpreta-

tion and ambiguity. By showing
a label, the percentage of people
that can understand the meaning
of each animated icon might dra-
matically increase.

In addition, some animated icons,
such as the Animated Icon 5,
need to be modified to change in
people the perception of being in
a state of emergency. Indeed, it

is important that these animat-
ed icons help patients to reduce
not only uncertainty, but also to
reduce the risks of developing a
state of anxiety; thus, the way how
the message must be conveyed
need to be as more reassuring as

possible inviting patients to calm
down and relax while waiting for
the arrival of a nurse.

Finally, I believe that such ani-
mated icons need to be introduced
by the medical staff to patients,
as well as to family members and
friends of the patients, before in-
teracting with them. Previous ex-
planations about the meanings of
the animated icons and how and
when they will be shown to the
patients are necessary to increase
comprehensibility within users.

Limitations

The animated icons were shown
out of their context and without
providing all the information that
has been, instead, included in the
final prototype. De-contextual-
ization and lack of information
might have influenced the ability
of these participants to clearly
understand such animated icons.
Therefore, presenting this infor-
mation in the real context to real
patients who are in a state of con-
sciousness, might give different
and more satisfactory results and
if presented with the remaining
information.
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In this chapter, the evaluation
of Overcome’s feedback interfa-

ce is presented.

hapteRe:
Chapte .

The main goal of this activity
was to testwhether the inte-
raction with Overcome reduced
the risks for patients to develop
a state of anxiety when exposed
to a medical alarm and in the
absence of a nurse; as a result,
a between-group design expe-
riment was conducted with 20

users.

e redits of this evaluation
ided an understanding of
ectiveness of the design in
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reducing anxiety and also
usability of the interface, prouvi;
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ston of information, as wellas g

t
the design qualities. \ ﬂ =

Finally, recommendations on

how to umprove the design are
also described at the end of this

chapter.
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evaluating the
design

6.1 | Virtual reality

Testing a design with real patients in the ho-
spital is not possible without the permissions
of the Medical Ethical Committee. As a result,
it was necessary to found an alternative that
could have given me the possibility to evalua-
te my design in a similar environment as the
ICUs.

I decided to opt for Virtual reality (VR) to cre-
ate a digital environment where all the factors,
to which patients in an ICU room are usually
exposed to, can be simulated.

At the Delft University of Technology there

is the VR Zone Lab where students, as well as
employees of the University, can access and de-
velop their own VR or AR (augmented reality)
project with the technical support of experts.
After introducing my project to the members of
the VR Zone Lab, a decision about the method
to use to create a digital version of an ICU
room was taken. A week later the meeting, I
went with two experts from the VR Zone Lab

at the department of Adult Intensive Care of
the EMC to film a video using a 360-Degree
Spherical Virtual Reality Camera.

The video was shoot inside an empty room
with just a bed and some medical devices
inside; in addition, a nurse was recruited to
take part in the video as an actress. With the
use of a storyboard, I explained the outline of
the video and what needed to happen in the
video (from start to finish) in order to provide
participants, who later tested my design, with
the experience of the ICU from the eyes of a
real patient.

Two weeks were needed to edit the VR video.
By using Adobe Premiere, the prototype (a
video reproducing the Overcome’s feedback
Interface) was digitally implemented on the VR
video and placed where it would be in reality,
or on the TV screen of the patient’s room.
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6.2 | VR videos

For the test a total of four videos “their medical conditions”. This after the arrival of a nurse who for information that could help

were created, an Introductory video served as a means of emo- opens the door and enters the him to understand the reason i '“m“' off - o . | oo | Senwmcloes

video (Fig. 57), a video show- tionally preparing participants room, the interaction with the for the alarm and to interpret it. ° ) e

ing the current situation (Fig. for the experience. Through this nurse who reassures the patient A Bedside monitor showing the ‘ * & .. ..o :

59), and two videos showing the video, I tried to evoke emotions and deactivates the alarm, and vitals signs, is placed next to the ’ ’

envisioned situation (Fig. 58). such as worry, fear and anxiety, finally, the nurse who leaves the bed. —O0 W =

The main difference between the which are generally experienced room leaving the patient alone. @ ¢ @ ¢ ¢ °

last two videos is on the types of by patients admitted to ICU. The only difference between these Step 3. Submitting phase | 40 sec. 2 9 2 9 2 8 e ® A 92

information Overcome’s feedback videos is in the implementation In this step, the patient is alone Mme fose i s e R R
waking up questioning searching submitting interacting ~ separating

interface shows.

The division into two videos in
which the information provided
by the interface are different, it
was made by taking into consid-
eration that the levels of informa-
tion need to be studied separately
to better understand which of
these levels mostly contribute to
reducing anxiety.

It was decided to have partic-
ipants test the interface that
provided information on the levels
of acknowledging and informing,
including the levels of comforting
and distracting.

Introductory video

The goal of showing this video
was duplex (1) to help participants
to familiarize with the ICU envi-
ronment and its soundscape, and
(2) to create empathy with ICU
patients.

For about two minutes, partici-
pants had the opportunity to look
around while listening to a back-
ground voice which was explain-
ing them the reasons “why they
were admitted in the ICU” and

Video 1: Current situation

The goal of this video was to make
the participants from the control
group experience the ICU as cur-
rently is. In this video, there was
no prototype implemented, but
participants were just exposed to
a medical alarm while waiting for
anurse.

Video 2: Envisioned situation
The goal of this video was to make
participants experience the ICU
as envisioned. During this experi-
ence, participants from the exper-
imental group were also exposed
to a medical alarm while waiting
for a nurse. The only difference
with the previous video was that,
through Overcome, they were
provided with feedback while the
alarm was going off.

Videos 1 and Video 2 have the
same structure and content: a
continuous background sound
produced by different medical de-
vices, the patient alone and para-
lyzed on the bed, a medical alarm
that goes off after 30 seconds and
which ends after 2 minutes, and

of Overcome (test variable). Only
articipants belonging to Group B
(experimental group) were there-
fore provided with medical alarms
feedback while waiting for the
arrival of a nurse.

Each video (1 and 2) last about 3
minutes and 30 seconds (Fig. 56)
and they are structured as follow:

Phase 1 | Waking up | 30 sec.
In this phase, the patient/par-
ticipant is alone inside the room
and sourranded by background
sounds.

Phase 2 | Waiting time | 2 min.
Step 1. Questionin O sec.

In this step, the patient is sur-
prised by a sudden and loud
medical alarm thus moving from
a state of quiet to a state of stress.
Also, the background sounds

are still active and the patient is
alone.

Step 2. Searchin 0 sec.

In this step, the patient is still
alaon and he isexpected to look
around the room and searching

and he is expected to submit to
the alarm. It is possible to see
what is happening outside the
room through the door; indeed,
the patient is expected to look at
the door waiting for the arrival of
a nurse.

Phase 3 | Interacting | 30 sec.
Step 1. Approaching | 10 sec.

In this step, a nurse enters the
room. The alarm is still active.

Step 2. Comforting phase | 10 sec
In this step, the nurse talks and
comforts the patient while deacti-
vating the medical alarm.

Step 3. Understanding phase | 10
sec

In this step, the nurse helps the
patient to understand the reason
for the alarm while putting the
detached sensor back.

Phase 4 | Separating | 30 sec.
The alarm is off and the nurse
leaves the room leaving the pa-
tient again alone. Once alone, the
patient is surrounded still by the
background sounds.

Figure 56. Structure of Video 1 and 2.

Figure 57. Introductory video.

Figure 58. Video 2: Envisioned situation.

Figure 59. Video 1: Current situation.
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6.3 | Methods

A Between-group design exper-
iment was performed in a three-
day study period to compare

the physiological reactions and
subjective evaluations of anxiety
in relation to the proposed expe-
rience between the experimental
group (Group B) - who interacted
with Overcome (variable tested),
and the control group (Group

A). Therefore, only participants
from the experimental group were
asked to evaluate Overcome’s
feedback interface on usability,
provision of information and
design qualities.

Research questions
Research questions were mainly
focused on the Waiting phase.
Three main questions were
formulated and asked to both
groups:

Stress and anxiety

To what extent participants feel
anxious with/without the feed-
back provision?

To what extent the perceived
sense of safety in participants
changes with/without the feed-
back provision?

To measure stress levels and the
perceived state of anxiety data
from a Hear rate valiability (HRv)
device, Slider device and State
Anxiety Scale questionnaire [50]
were collected.

Experience
How do the participants experi-

ence the waiting time in relation
to the medical alarm in terms of:

- being Acknowledged during the
medical alarm;

- being Informed about the medi-
cal alarm;

- being Distracted from the medi-
cal alarm;

- being Comforted during the
medical alarm.

Furthermore, additional questions
were formulated and asked only
to participants of Group B:

What do participants think about
the use of Overcome’s feedback
interface in terms of usability,
design qualities and presentation
of information?

Usability
The System Usability Scale (SUS)

was used as a tool for measuring
usability, and participants were
asked to grade from 1 (Strongly
disagree ) to 5 (Strongly agree) 10
items.

Design qualities
To what extent Overcome is:

- Unreliable/Reliable;

- Unfriendly/Friendly;

- Deceitful/Honest;

- Uninvolving/Engaging;
- Worrying/Reassuring;

Table 17. Participants.

pasicipats SRR IR

Age 26.1 28.2
Male 7 6
Female 3 4
Total 10 10
- Overwhelming/Simple;
- Uninformative/Explanatory;
- Late/Timely.

Presentation of Information

To what extent the presented
information are:

- Easy to detect;

- Free from distractions;
- Easy to discriminate;

- Easy to interpret;

- Concise;

- Consistent.

Participants

Three weeks before starting with
the test, a recruitment flyer was
physically and digitally posted,
respectively, at TU Delft and on
Facebook.

In total, 20 people (19 students
and 1 nurse | average age 27.2
years) were recruited, and 65% of
them were male and 35% female
(Table 17).

Finally, for the test participants
were divided into two groups:

- Group A | Control group (7 male
and 3 female | average age 26.1);
- Group B | Experimental group
(6 male and 4 female | average
age 28.2).

Procedure

After being recruited, participants
were informed about the study
goal, while more detailed infor-
mation was provided the day of
the test.

The study was conducted at the
Faculty of Industrial Design
Engineering - Tu Delft, in a silent
room to make sure the partici-
pants were concentrated and not
disturbed during the test. The
duration of the test was about 50
minutes for each participant.

The room was divided into two
areas:

- Area A | Welcome and interview
area;

- Area B | Testing area.

In area A, participants were intro-
duced to the problem and invited
to sign the Informed consent. Be-
fore moving to area B, they were
asked to answer to the State Anx-
iety Scale questionnaire (STAI).
In area B, participants were asked
to participate in the test as they
were ICU patients. To help them
further immerse in the experi-
ence, a bedside monitor, pictures
of the ICU, a hospital cabinet and
a hospital bed were placed around
to recreate a hospital room.

Before starting with the test,
participants worn the HRv chest
strap (Fig. 63/b) and sat on the

Figure 61. Area B. Testing area.

Figure 61. Area B. Testing area.
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hospital bed. In addition, after
the Slider device (Fig. 63/a)

was placed on the bed next to
them, the VR glasses were worn
(Fig. 62). While calibrating and
connecting the HRv chest strap
and the Slider device with their
respective softwares, the Intro-
ductory video was them shown. At
the end of this video, participants
from Group A were shown the
video 1, while participants from
group B were shown the video 2.

At the end of the video, and after
removing the VR glasses and
before leaving the bed, partici-
pants were asked to answer to the
State Anxiety Scale questionnaire
(STAI) for a second time.

Lastly, after the HRv chest strap
was removed, a semi-structured
interview was performed in Area
A

Measurements

To test the impact of Overcome in
the reduction of anxiety, physio-
logical and subjective evaluations
were performed to assess levels
of stress and anxiety. In general,
the test was recorded by means of
audio and video.

To measure stress levels, Heart
rate variability (HRv) was
measured by using a chest strap
that participants wore during the
test and which was connected via

é
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Figure 62. VR set.
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Figure 63. (a) Slider device, (b) HRv chest strap.

Bluetooth to an application (Elite
HRYV) that recorded the HRv
values. The chest strap was placed
in contact with the skin and in

the centre of the chest after the
sensors had been moistened with
water.

To measure anxiety, a Slider De-
vice with values from 1 (Not anx-
ious at all) to 10 (Really anxious)
was given to participants to inter-
act with during the experience in
order to grade the perceived level
of anxiety; to help participants
with scoring, three elements in
relief with respect to the surface
of the slider were added at the
beginning, middle and end of the
slider to help participants orien-
tate through the sense of touch.

Furthermore, participants were

asked to answer to the State Anx-
iety Scale questionnaire (STAI)
questionnaire in order to assess
their state of anxiety before and
after the experience in VR. In
both cases, they were asked to
answer the questionnaire consid-
ering how they felt in the specific
moment the questionnaire was
given [50]. As a result, I was able
to compare their state of anxiety
before and after the experience
thus having an understanding
about whether it has increased
or not after being exposed to the
experience in VR.

Data on experience, usability,
design qualities and provision

of information were collected by
using a Google form that partic-
ipants filled out while thinking
aloud during the semi-structured

interviews. Before answering to
these questionnaires, participants
from Group B were shown the
Overcome’s feedback interface
through a TV screen placed on
Area A. As a result, participants
were able to give more detailed
information about how the use
was experienced.

Analysis

In general, data from each partic-
ipant were individually analysed
and later, according to the type of
data, collected in Excel documents
to compare the responses of
Group A with those from partici-
pants of Group B.

To determine if there was a signif-
icant statistical difference be-
tween the two groups, a t-test was
performed, especially for data re-
lated to HRv, Slider device , STAI
questionnaire, and experience.

Heart Rate variability (HRv)
HRYV provides a measure to ex-
press the activity of the Autonom-
ic Nervous System (ANS), which
is part of the Central Nervous
System (CNS). ANS consists of
the sympathetic division, which is
responsible for the fight or flight
responses of our body during an
activity, and the parasympathetic
division, which is responsible for
saving energy and promoting rest

[43].
In general, the sympathetic

division leads to an increase in
heart rate (HR), while the para-
sympathetic division induces a
lower HR. These two divisions
are constantly interacting, and
this interaction is reflected in
HRYV which, then, can be used to
measure stress [58]. In general
(Fig. 64), HRV looks at the correct
differences in time between con-
secutive heartbeats (also called
inter-beat intervals, RR intervals,
NN intervals, etc).

Analysis of RR intervals

Data collected from the HRv chest
strap were transferred via Blue-
tooth into the Elite HRV appli-
cation. From the app, data were
downloaded as a text document
in which a list of RR-intervals
(e.g. 674 - 701 -701 - 678 - 642 -
etc.) was provided. The data were
transferred and analysed by using
the free version of the software
Kubios HRV Standard 3.3.1. For
each participant, information
about the date of birth, gender,
height (cm) and weight (kg) were
entered into the software and the
MAX HR (bpm) automatically
calculated. These data were used
by the software in HR zones and
energy expenditure computation
[541.

On average, for each participant,
the HRV recordings lasted about
7 minutes, but only the range of
time from minute 02:26 to 05:56
(which is the time range corre-

850ms 953 ms 1230 ms

Figure 64. HRv. RR Intervals.

sponding to the measurements
taken when Video 1 or 2 were
shown) was considered for anal-
ysis.The first 02:26 minutes were
related to the Introductory video.

The 03:30 minutes (Fig. 65)
considered were divided into four
parts corresponding to the Wak-
ing up, Waiting, Interacting and
Separating phases. In addition,
the Waiting phase was subdivid-
ed into 3 subparts: Questioning,
Searching and Submitting. This
division gave me the opportunity
to study how participants’ stress
varied from the beginning to the
end in each part of the experi-
ence, especially in relation to the
feedback provision in Group B,
thus evaluating which information
affected the most on stress levels.
For each part, the Stress In-

dex (SI) was calculated by the
software. Kubios calculates SI

by doing the square root of the
Baeuvsky’s stress index [54] values
resulting in a value that can range
from < 7.1 (low-stress level) to >=
30 (very high-stress level).

The SI values calculated were
later entered in one Excel docu-
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ment with respect to the number
of the participant and the group
to which he/she belonged. Finally,
a T-test was performed to deter-
mine whether or not there was a
significant statistical difference
between Group A and Group B
with stress levels.

(Anxiety) Slider device

The Slider device and the dedi-
cated software were borrowed at
the Delft University of Technol-
ogy. The device and the software
were initially developed to study
how people perceive sounds

on a scale from 1 (pleasant) to

10 (unpleasant). The software
collects the data generated by the
slider in a timestamp sequence
(e.g. 00:01:18.03,1 - 00:01:18.13,2
- 00:01:18.23,8 - etc.), in which
the last number after comma
represents the value given by the
participant.

After data collection, timestamp
sequences were downloaded from
the Slider device’s software in the
form of a text document, and the
given values transferred to Excel.
In Excel, and for each participant,
only values from minute 02:26 to
05:56 were considered for analy-
sis. In addition, I divided this data
into four parts corresponding to
the Waking up, Waiting, Inter-
acting and Separating phases.

In addition, the Waiting phase
was subdivided into 3 subparts:
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Figure 65. Kubios HRV Standard 3.3.1. The figure shows how the RR intervals are vi-
sualized on Kubios. In light-blue, the intervals analysed (03:30 min.) which are related

to the six phases of the experience.

Questioning, Searching and Sub-
mitting.

For each step, the average of
values within ranges of 5 seconds
was calculated. These values were
later entered in one Excel docu-
ment with respect to the number
of the participant and the group
to which he/she belonged. Finally,
a T-test was performed to deter-
mine whether or not there was a

significant statistical difference
between Group A and Group B
with perceived anxiety.

State Anxiety Scale questionnaire
The State-Trait Anxiety Inventory
(STAI) is a questionnaire used

to measure via self-report the
presence and severity of current
symptoms of anxiety and a gen-
eralized propensity to be anxious
[50]. It consists of two subscales:

the Trait Anxiety Scale (T-Anxiety
- 20 items) and the State Anxiety
Scale (S-Anxiety - 20 items).

For this study, only the State
Anxiety Scale was taken into
consideration, which evaluates
the current state of anxiety, asking
how a person feels “right now,”
using items that measure sub-
jective feelings of apprehension,
tension, nervousness, worry, and

activation/arousal of the auto-
nomic nervous system [55].

In the 20 S-Anxiety items scores
can be given from 1 (not at all) to
4 (very much so). However, 4 in-
dicates the presence of a high level
of anxiety only for ten items (e.g.
“I feel frightened” or “I feel upset),
while a high rating indicates the
absence of anxiety for the remain-
ing ten items (e.g. “I feel calm” or
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“I feel relaxed”) [55].

The obtained scores were later
entered in one Excel document
with respect to the number of the
participant, the group to which
he/she belonged and the order of
completion. Finally, a T-test was
performed to determine whether
or not there was a significant sta-
tistical difference between Group
A and Group B before and after
the experience regarding the state
of anxiety.

Experience

To calculate the experience of par-
ticipants, they were asked to give
a score from 1 (no at all) to 7 (very
much so) to 6 different items. 4

of these items were related just

to the Waiting phase, when the
participant was exposed to the
medical alarm and waiting for the
arrival of a nurse. As a result, it
was asked:

- to what extent did you feel ac-
knowledged when the alarm was
going off?

- to what extent did you feel in-
formed about the alarm?

- to what extent did you feel dis-
tracted from the medical alarm?
- to what extent did you feel
comforted while the alarm was

going off?

The remaining 2 items were relat-
ed to the perceived sense of safety
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and to the overall experience. To Group B. Data collected were later  Participants were asked to score From fieldwork research, result- =GROUPA =GROUPB
calculate the perceived sense of entered in an Excel document from 1 (strongly agree) to 7 ed that high-stress levels and =
safety, participants were asked to ~ with respect to the number of the = (strongly disagree) the extent to a low perceived sense of safety
score from 1 (not at all) to 7 (very  participants, and a standard de- which: elicit anxiety. Therefore, stress z
much so) the extent to which viation calculated. Finally, results and perceived sense of safety are
they perceived themselves safe were used to draw conclusions on - All the Information on the closely related, as the stress levels o =
while the alarm was going off. To the usability of Overcome and to Overcome’s feedback interface increase as the perceived sense s
calculate the overall experience a define possible improvements. was easy to detect; of safety decreases. As a result, § -
question was asked in which par- - All the Information on the Over- a hypothesis was generated: the E»
ticipants had to score from 1 (bad) Design qualities come’s feedback interface was higher is the perceived sense of ,,
to 7 (good) the overall experience.  Evaluations from Group B on free from distractions; safety, the lower will be the risk
the design qualities were used - All the Information on the Over- to develop a state of anxiety. [, ]
The scores were later entered in to determine the quality of the come’s feedback interface was
one Excel document with respect experience in terms of quality of easy to discriminate/distinguish; For the evaluation of the design, A . . N . 5o

to the number of the participant
and the group to which he/she
belonged, and a T-test was per-
formed to determine whether or
not there was a significant statis-
tical difference between Group A
and Group B in relation to how
they experience the waiting time.

System Usability Scale (SUS)
The SUS is a tool for measuring
usability. It consists of a 10 item
questionnaire with five response
options for respondents, from 1
(Strongly disagree) to 5 (Strongly
agree).

A SUS produces a single number
representing a composite measure
of the overall usability of Over-
come. Scores for individual items
on the scale are not meaningful on
their own.

The SUS questionnaire was pro-
posed only to participants from

interaction with Overcome.

Qualities were presented in cou-
ples (negative/positive adjective)
and participants were asked to
score the most representative val-
ue that could have described the
experience of use by placing their
answer next to the most repre-
sentative adjective.

Data collected were later entered
in an Excel document with respect
to the number of the participants,
and a standard deviation calculat-
ed. Finally, results were used to
draw conclusions on the quality
of the interaction between the in-
terface and the user and to define
possible improvements.

Provision of information
Evaluations from Group B on the
presentation of information were
used to evaluate the layout of
Overcome.

- All the Information on the Over-
come’s feedback interface was
easy to interpret;

- All the Information on the Over-
come’s feedback interface was
concise;

- All the Information on the Over-
come’s feedback interface was
consistent.

Data collected were later entered
in an Excel document with respect
to the number of the participants,
and a standard deviation calculat-
ed. Finally, the results were used
to draw conclusions on the layout
of the interface and its content
and to define possible improve-
ments.

two hypotheses were formulated:
(1) levels of stress and anxiety
are lower in participants from
Group B who are provided with
feedback than participants from
Group A; (2) the perceived sense
of safety is higher in participants
from Group B who are provided
with feedback than participants
from Group A.

Proving these hypotheses could
have given me the possibility to
show that the provision of feed-
back that acknowledges, informs,
comforts and distracts patients
who are alone when exposed to

a medical alarm, have a benefi-
cial effect on their psychological
well-being.

As a result, values concerning
stress levels and the perceived
sense of safety, as well as the sub-
jective evaluation of anxiety, from
participants of Group B, were

Figure 66. HRv: Stress index. The values are related to the full experience.

Full Experience Waiting
Avg StDv p - value Avg StDv p - value
1184 5519 0748 13.01 6371 0,842
11.1 4563 1247 5510

compared with those from par-
ticipants of Group A to determine
whether there was a statistical
difference between these groups.

HRv and SI - (N = 20)

A t-test was conducted to deter-
mine the effect of medical alarms
feedback provision on stress
levels.

In general (Fig. 66), between
Group B that was provided with
feedback (M = 11.10; SD = +/-
4.56) and Group A with no feed-
back (M = 11.84; SD = +/- 5.51)
there was not a significant differ-
ence (p= 0.75).

However, main attention was put

on the Waiting phase (Question-
ing, Searching and Submitting)
and, for each step, a t-test was
conducted.

In general, during the Waiting
phase (Fig.67), between Group

B (M =12.47; SD = +/- 5.51) and
Group A (M =13.01; SD = +/-
6.37) there was not a significant
difference (p= 0.84).

As a result, no statistical evidence
exists that medical alarms feed-
back provision has an effect on
reducing stress levels.
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From a non-statistical point of
view (Fig.68) , it is possible to
observe that despite both groups
were exposed to the same situa-
tion, it is interesting to notice in
Figure X that there are two dif-
ferent trends between the Control
group (A) and the Experimental
Group (B). In addition, it seems
that the trend of Control group is
similar to the conjectured trend
from Context mapping during
fieldwork research, thus confirm-
ing our initial hypothesis.

Figure X shows that, although
Group B was more stressed than
Group A at the beginning, since
the Waiting phase to the Separat-
ing phase, their stress levels never
exceed the level of the Waking Up
phase; on the contrary, Group A
exceeded the stress level regis-
tered in the Waking up phase
twice in the Waiting phase.

In the Interacting phase, instead,
stress levels of Group B are higher
than the Control group; apparent-
ly, the progress indicator on the
interface (which shows the time
left before the arrival of a nurse),
added more stress, especially in
the last section when the nurse is
almost opening the door.

In general, despite both groups
experienced elevated stress,
Group B had less elevated stress
levels also at the end of the experi-
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Figure 67. HRv: Stress index. The values are related to the Waiting and Interacting

phases.
amedical anurse enters - the nurse leaves
alarm goes off @ ¥ the room the room
© CE
%
i x 2
&
@ ®
fom )
© 1) @
o o [>) o o o
i 5 2 ;) z 2 T ¥ & X x T S
- - — - — - - —t — — -
30sec. . 40 sec. 40 sec. . 40 sec. . 30 sec. . 30 sec.
waking up questioning searching submitting interacting - separating
b4 03:30 min. .
B
7
tgh

5_lmeracting S6_Separating

Figure 68. HRv: Stress index. Analysis from a non-statistical point of view.

ence (Separating phase) where the
use of Overcome seems to relieve
participants despite the nurse had
left the room.

Slider device - (N = 20)
Focusing only on the Waiting
phase (Fig. 70), a t-test was con-
ducted to determine the effect of
medical alarms feedback provi-
sion on the anxiety people per-
ceived during the experience.

ANXIETY SLIDER scores

i

Figure 69. (Anxiety) Slider scores. Full experience.

Between Group B that was pro-
vided with feedback (M = 4.31;

SD = +/- 3.16) and Group A with I
no feedback (M = 4.74; SD = +/-

2.68) there was not a significant
difference (p= 0.74).

In addition, for each step charac-
terizing the Waiting phase (Ques-
tioning, Searching and Submit-
ting) a t-test was also conducted
but it was not found a significant
difference, as shown in Table X.
As a result, no statistical evidence
exists that medical alarms feed-
back provision has an effect on the
anxiety people perceived during

ANXIETY SLIDER scores

S2_Questionning S3_Searting S4_Swmitting S5_Interacting

Figure 70. (Anxiety) Slider scores. Waiting and Interacting phases.

. 1 52 s3 sa | s5 | se
the experience. M_ | 4764 | 4914 | 5096 | 4213 | 3832 | 2647
SD_| 3369 | 3326 | 3203 | 2731 | 3041 | 3500

o 1 s2 S3 | sS4 | s5 | s6
However, from a non-statisti- 2868 | 4229 | 4338 | 4352 | 27 | 1971
SD_| 2301 | 3112 | 3187 | 3478 | 2315 | 2097

cal point of view, the graph X
shows that, in general, people
from Group B felt less anxious
compared to Group A during the
entire experience.

[pvalue | 0161 | 0640 | 0602 | 0922 | 0361 | 0506 |

Although in the Waiting phase
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STAlscores

Before

Figure 71. STAI questionnaire. State of anxiety before the immersion in VR.

STAlscores

Atfter

Figure 72. STAI questionnaire. State of anxiety after the immersion in VR.

Avg 30.6 29.7 Avg 56.8 431
StDv 8.168 5.396 StDv 12.796 8.787
p-value | 0.774 p-value 0.012

the levels of perceived anxiety in-
creased compared to the Waking
Up phase within the Group B,
these values remained stable as
well as lower than Group A which,
in general, showed more elevated
anxiety levels.

In the last step of the Waiting
phase (Submitting step), levels of
perceived anxiety were higher in
Group B than in Group A; appar-
ently, as already discussed before,
the progress indicator had a neg-
ative influence on this experience
influencing not only stress levels
but also making people feeling
more anxious.

In conclusion, the graph shows
that in the phases of Interacting
and Separating, Group B had less
elevated anxiety levels. This find-
ing might reinforce the conclu-
sion about the fact that the use of
Overcome reassures and comfort
people also when alone.

State Anxiety Scale question-
naire - (N = 20)

In analysing the data, it was
important to take into consid-
eration that while the values

of the anxiety-present items
(3,4,6,7,9,12,13,14,17,18) must

be taken as given, the val-

ues of anxiety-absent items
(1,2,5,8,10,11,15,16,19,20) must
be reversed (e.g. responses scored
1,2,3 or 4 must respectively be

scored as 4,3,2 or 1).

After clarifying the scores, to
obtain a score for the S-Anxiety
scale, it was necessary to sum the
given scores for the twenty items.
Scores can range from 20 to 37
(no or low anxiety), from 38 to 44
(moderate anxiety), and from 45
to 80 (high anxiety) [59].

Lastly, a t-test was conducted to
determine the effect of medical
alarms feedback provision on the
state of anxiety of participants.

Measurements were executed
before and after the experience in
VR. People were asked to score
the items on the questionnaire
considering how they felt at the
specific moment the questions
were asked.

Before the experience (Fig. 71),
between participants from Group
B (M =29.7; SD = +/- 5.39) and
Group A(M = 30.6; SD = +/-
8.17) there was not a significant
difference (p= 0.77).

After the experience (Fig. 72),
between participants from Group
B who were provided with feed-
back (M =43.1; SD = +/-8.78)
and Group A with no feedback (M
=56.8; SD = +/-12.79) there was
a significant difference (p= 0.01).

As a result, while evidence from

the questionnaire filled out before
the experience suggests that
participants from Group A and B
were in the same state of anxiety,
results from the questionnaire
filled out after the experience sug-
gest, instead, that exists a statisti-
cal evidence that medical alarms
feedback provision has an effect
on the people state of anxiety.

Through this evaluation, it has
been shown that despite both
groups had elevated stress, Group
B had less elevated stress after the
experience. Thus Overcome has
an impact on reducing anxiety on
people.
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Experience - (N = 20)

A t-test was conducted to deter-
mine the effect of medical alarms
feedback provision on the experi-
ence of participants. Both groups
were asked to evaluate the extent
to which they felt acknowledged,
informed, distracted, comforted
and safe while being exposed to a
medical alarm (Fig. 73). Besides,
they were asked to score their
overall experience (Fig. 74).

Level of acknowledging

Between Group B that was pro-
vided with feedback (M = 5.5; SD
= +/-1.27) and Group A with no
feedback (M = 2; SD = +/- 0.67)
there was a significant difference
(p < 0.01) (Fig. 73).

Level of Informing

Between Group B (M = 5.2; SD =
+/-1.48) and Group A (M = 2.3;
SD = +/- 1.25) there was a signif-
icant difference (p < 0.01) (Fig.
73)

Level of Distracting

Between Group B (M = 4.3; SD =
+/-1.83) and Group A (M = 2.9;
SD = +/-1.37) there was not a
significant difference (p = 0.07)
(Fig. 73).

Level of Comforting

Between Group B (M = 5.5; SD
=+/-0.98) and Group A (M =
2.3; SD = +/- 0.95) there was a
significant difference (p < 0.01)
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Figure 73. Design goals.
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Acknowledged

Informed Distracted Comforted
Acknowledged Informed Distracted Comforted
Avg StDv p - value Avg StDv p - value Avg StDv p - value Avg StDv p - value
2 0667 23 1.252 29 1370 23 0.949
p<0,01 p<0,01 0.069 p <0,01
55 1269 52 1476 43 1.829 55 0977

Figure 74. Overall experience.
mGROUPA mGROUPB

Experience
Avg StDv p - value
22 1.549
p<0,01
55 1.080
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Safe
Avg StDv p - value
22 1.229 p<0,01
52 1.549

Figure 75. Perceived sense of safety.
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(Fig. 73).

Perceived Sense of Safety
Between Group B (M = 5.2; SD =
+/-1.55) and Group A (M = 2.2;
SD = +/- 1.23) there was a signif-
icant difference (p < 0.01) (Fig.
75)-

Overall experience

Between Group B that was pro-
vided with feedback (M = 5.5; SD
= +/-1.08) and Group A with no
feedback (M = 2.2; SD = +/-1.55)
there was a significant difference
(p < 0.01) (Fig. 74).

As a result, statistical evidence
exists that medical alarms feed-
back provision, and on the levels
of acknowledging, informing and
comforting, improved the expe-
rience of participants, as well as
their perceived sense of safety.
Instead, results in the level of
Distracting showed that there is
no statistical difference between
the two groups.

In general, these results suggest
that interacting with Overcome
can satisfy the need for patients
for feeling safe when a medical
alarm goes off.

To better understand the impact
of Overcome on the experience of
Group B, it is necessary to consid-
er some of the behaviours partici-
pants form Group A had, especial-

ly during the Waiting phase.

Results from the statistical anal-
ysis on the Level of Distracting
suggest that do not exists any
statistical difference between
the groups, thus demonstrating
that both groups were similarly
distracted from the medical alarm
during the experience. But, what
is important to understand is
what distracted them from the
medical alarm.

Persons belonging to the con-

trol group experienced a lack of
information which pushed them
to search for data that could have
helped them to interpret the on-
going alarm. Indeed, most of them
started to move their heads, and
in a continuous way, from side to
side of the room when the medical
alarm went off.

“[...] I was looking around for
signs or information that would
tell me what was going on”
[Group A -P20]

Basically, they were trying to
figure out what was happening.
In doing so, their attention was
moved to the bedside monitor;
moreover, between the Search-
ing and Submitting steps, most
of them were concentrated on
the door, they were waiting for
someone to show up, they were
trying to understand whether a

nurse was monitoring them or if
there was someone aware about
the ongoing situation.

“[...] I was watching the door and
the monitor to see whether some-
one is coming and to understand
what is happening [...] I was
looking for information” [Group
A - Po7]

On the contrary, people from
Group B were mostly focused on
Overcome since the beginning of
the experience; they did not move
their heads from side to side of
the room but they were focused on
the feedback. However, when the
progress indicator on the interface
was almost at the end, most of the
participants from Group B started
to watch also at the door, mainly
because they were checking if the
nurse would arrive at the same
time indicated on the interface.

As shown in Table X, Group A was
less distracted than Group B from
the medical alarm; therefore,
Overcome captured and moved
their attention from the auditory
stimuli in a more effective way.

Unreliable

Unfriendly

Deceitfult

Uninvolving

Worrying

Overwhelming

Uninformative

Late

1 2

Figure 76. Desing qualities.

Design qualities - (N = 10)
The outcomes of the Design quali-
ties questionnaire were compared
on frequency. The scales of the
design qualities were positioned
with a negative adjective on the
left and a positive one on the
right. The mean score and stand-
ard deviation for each design
quality were calculated to meas-
ure the spread of the data about
the mean value .

In general (Fig. 76), the outcomes
for the design qualities suggest
that participants agreed more on
the qualities Reassuring (M = 5;
SD = +/-1.05), Honest (M = 6.1;
SD = +/- 0.99) and Reliable (M

= 5.9; SD = +/- 1.10); while they

- Reliable

Reassuring

Simple

Timely

had more different opinions on
the qualities Simple (M = 4.9; SD
= +/-1.79) and Engaging (M =
5.1; SD = +/- 1.91). Lastly, for the
qualities Timely (M = 5.5; SD =
+/-1.72), Explanatory (M = 5.5;
SD = +/-1.27) and Friendly (M =
5.4; SD = +/-1.65), the majority
of the opinions tend to the posi-
tive adjective, indeed only a small
percentage of participants opted
for a negative description.

“[...] the most important thing is
that the info provided refer to the
reality” [Group B - P11]

In conclusion, labels and most of
the icons were easily understand-
able by all the participants who, in

addition, trusted Overcome as the
information provided referred to
the reality and they were perfect-
ly synchronized with the nurse
reactions.
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Figure 77. Provision of Information. Figure 78. System Usability Scale (SUS) scores.

Provision of Information

(N =10)

The outcomes of the presentation
of Information questionnaire were
compared on frequency (Fig. 77).
The scales of the items were posi-
tioned from 1 (Strongly Agree) to
7 (Strongly Disagree). The mean
score and standard deviation for
each pronciple were calculated to
measure the spread of the data
about the mean value.

In general, the outcomes for the

provision of information suggest
that participants agreed more on
easy Detectability (M = 2.1; SD =

+/-1.20), easy Interpretability (M
=2; SD = +/- 0.94), Consistency
(M =1.3; SD = +/- 0.48) of the
information presented; while they
had more different opinions about
the Freedom from distractions (M
=2.7; SD = +/- 2), easy Discrimi-
nability (M = 2.3; SD = +/-1.42),
and Conciseness (M = 2.4; SD =
+/-1.90).

However, the majority of the
opinions related to the last three
principles, clearly leaan to one
side of the graph, which means
that most of them were agree with
the research questions.

SUS-(N =10)

To calculate the SUS score, first,
the score contributions from each
item needed to be clarified. These
scores contributions range from

0 to 4. For items 1,3,5,7 and 9
(the positive statements in the
scale) the score contribution is the
scale position minus 1. For items
2,4,6,8 and 10 (the negative state-
ments in the scale) the contribu-
tion is 5 minus the scale position.

To calculate the overall value of
system usability, the sum of the
scores needs to be multiplied by
2.5. The SUS score can range from

0 to 100 and can be rated using an
adjective rating system [56, 57].

Regarding the usability, Over-
come got an average SUS score of
82.75 (SD = +/-10.1), which cor-
responds with an adjective rating
of “Excellent” (Fig. 78). There-
fore, it can be concluded that the
usability of Overcome is good and
acceptable.

Furthermore, from the results, it
can be derived that users can easi-
ly learn how to use the device and
they can quickly become familiar
with it and making good use of its
features and capabilities.
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6.5 | Discussion

There were different aspects that
could have influenced the out-
comes of this test.

Sample

Firstly, the sample of users in-
volved in the evaluation was not
representative of ICU patients.
They were mostly young students
without or limited experience in
hospitals, especially in the ICU.
Few of them had knowledge
about the ICU, while the biggest
percentage did not know what

an ICU is and which the reasons
why people are admitted in ICUs.
As a result, for participants was
difficult to really empathise with
an ICU patient whose medical
conditions are critical, and the
emotional state compromised by
the fear of dying.

Broken immersion in VR

The use of the (Anxiety) Slider
device could have broken the
immersion in VR and affected
the physiological measurements
and the subjective evaluations of
participants during the experi-
ence. Indeed, the interaction with
the slider could have influenced
the people perception of being in
a different place than the testing
room; furthermore, while in the
video the arms and hands of the
patients were mostly in the same
position until the end, the left
hand and arm of the participants
was constantly in movement.

Furthermore, in the video, the
patient attached an SPO2 sensor
to his finger (right hand) and
between the Waking up and the
Waiting phases, the sensor detach
due to a sudden movement of the
patient’s right hand. The detach-
ment of the sensor and the move-
ment of the patient’s hand were
clearly visible to the participants
who, instead, were not wearing
the sensor nor experienced the
detachment.

Also, the introductory video and
the second video were not merged
but two separate entities. In fact,
between the end of the Introduc-
tory video and the start of the
second video, there was a pause
of 30seconds and a black screen
shown to participants.

All these factors could have

broken the immersion in VR and
reduced the levels of anxiety and
stress evoked in the introduction
video and during the experience.

Readability and VR glasses
Although the resolution of the
video was high (4K), for some par-
ticipants was difficult to read the
information provided by Over-
come.

For some people, the VR glasses
resulted as uncomfortable espe-
cially when they tried to focus;
some people would have preferred
to keep the VR glasses at a bigger

distance from their eyes, others
would have preferred to keep
their own glasses while wearing
the VR glasses; unfortunately, it
was not possible to satisfy such
needs, thus some participants had
readability problems, especially in
reading the text of the labels.

As a result, this problem could
have influenced the outcomes of
the test, especially in relation to
the provision of information and
usability.

Video

The audio volume of the video,
especially the medical alarm
volume, was described as too soft
from some participants. Actually,
in the ICU the alarm volume is
higher than the alarm volume in
the video. As a result, the too soft
medical alarm volume could have
reduced the “surprise effect” that,
in general, an alarm cause thus
eliciting anxiety and stress in the
patients.

Also, the Introductory video was
designed to elicit anxiety and
increasing stress levels on par-
ticipants at a level similar to ICU
patients.

However, it could be possible
that the length of the video and
the background voice were not
enough to elicit such emotion and
stress. Images showing an inci-

dent or the parents worried about
the condition of the participant/
patient could have helped better
in reaching the levels of stress and
anxiety expected.

Finally, in the video, the detach-
ment of the sensor could have
influenced the participants’ levels
of stress and anxiety. Indeed, the
detachment of the sensor could
have been associated with a not
dangerous situation, and the
alarm appraised as not a threat.
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6.6 | Conclusions

For the evaluation of the design,
Virtual reality (VR) revealed big
potentiality, especially because

I was able to simulate a context
which, otherwise, was not possi-
ble to access. VR gave to people
involved in the test, the possibil-
ity to experience the ICU from
the perspective of a real patient
and better empathise with them.
However, evoking the emotions
that usually patients experience
during ICU stay when a medical
alarm goes off, was difficult.

In this study, the possibilities

to resolve or escape from (fight-
or-flight response) the threat
(medical alarm) were unlimited
for participants, they were able to
choose whether or not to stop the
experiment and return to their re-
ality; instead, patients are forced
to submit to the events, and this
limitation (lack of control) has
emotional and physiological con-
sequences difficult to replicate.

As a result, to really understand
the impact of Overcome on the
reduction of anxiety is necessary
to test the design with real users,
such as former ICU patients who
could better understand the prob-
lem and be, in a more realistic
way, emotionally involved.

However, recreating a hospital
room was a good choice because
participants were able to bet-

ter immerse themselves on the
experience and identify with the
patient. Especially, the use of a
hospital bed gave them the sensa-
tion of being really inside the VR
room, as the position of their body
was the same as the body shown
on the video.

Despite the people involved in
this study were not a good rep-
resentation of my target group,
involving them as potential users
was necessary to test my design
and to collect evidence that could
have proved my hypotheses. VR
offered me a great opportunity for
seeing how my design fits into the
context and, especially, to collect
data that potentially reflect sim-
ilar physiological and emotional
reactions to an ICU patient to
medical alarms.

Data on HRv show that no statis-
tical evidence exists that medical
alarms feedback provision has an
effect on reducing stress levels,
and there are several reasons that
could explain such a result; for
instance, the design did not work;
the experiment was not strong
enough to evoke the expected re-
actions towards a medical alarm;
the sample of people was too
small; participants had different
personalities (some were more
sensitive to the stressor than oth-
ers / some are anxious person);
participants cognitively regulate

their body reactions.

However, by comparing stress
levels of both Groups, and from
not a statistical point of view, it
was observed that stress levels of
Group B were lower than Group
A. In addition, results from the
State Anxiety Scale questionnaire
revealed that exists a statistical
evidence that medical alarms
feedback provision has an effect
on the people state of anxiety.

As a result, it can be concluded
that there is a correlation between
physiological and subjective
measurements, but further inves-
tigations are needed to statistical-
ly prove it; for instance, a bigger
group of people who have similar
characteristics, such as heart
functions and personality, should
be recruited.

From a not statistically point of
view, it is interesting to notice that
by comparing the results from

the HRv, Slider Device and STAI
there is a trend in the data show-
ing that Group B was less stressed
and anxious than Group A during
the whole experience.

In general, the experience of
Group B was better than Group A.

“[...] with the device I felt less
lonely and not in a ball as usual
patients feel [...] you did not lose
the contact with the world, is

reassuring” [Group B - P11]

It seems that, despite there are no
significant effects on HRv, Over-
come tends to keep people stress
levels stable even when there is a
reason for an increase in anxiety.
As a result, putting in communi-
cation nurses with patients by a
distance might benefit the psycho-
logical well-being of patients who
feel ignored or abandoned and not
in a safe situation, especially when
a nurse delays to intervene when a
medical alarm goes off.

In conclusion, the design of
Overcome worked well in terms

of usability, provision of informa-
tion, quality of interaction and for
the reduction of anxiety. However,
some additional changes in the
design are necessary to optimize
the interface more in the future.
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6.7 | Recommendations

Based on the test, recommenda-
tions to improve the usability,
content and layout of Overcome
were formulated. In addition, an
evaluation of the design approach
is given.

Colour

The used colours for the back-
ground and the user-interface el-
ements are not in a good contrast
with each other. Low contrast re-
duced the Detectability, Interpret-
ability and Discriminability of the
presented information, especially
the progress indicator.

To minimize the problem, col-
ours should be reconsidered in
terms of Discriminability (e.g. by
choosing colours that are widely
distributed in hue and saturation,
or by changing the luminance
difference [73]).

For example, by correcting the
colour of the background from a
high saturated to a low saturated
blue, the contrast with the pro-
gress indicator (which is one of
the element that needs to be dis-
tinguishable), could be maximized
and Discriminability improved.

In addition, to draw the attention
of users on the animated icons

in the input/output area, colours
should be the brighter and the
more highly saturated on the
screen [73]. It is recommended to

investigate this topic further.

Icons

More information about the med-
ical alarms

Most of the participants would
have preferred to receive more
information about the medical
alarm, such as the reasons for the
alarm, its meaning and whether or
not it is solvable.

“[...] more transparent info, like
explaining to me how to put the
sensor back also to understand
what is happening” [Group B -
Pi16]

As a result, it seems that the
implementation of the Level of
Instructing, which was designed
for promoting medical alarms
understanding and increase col-
laboration with the nurses, could
satisfy such needs and improve
the experience.

Animated lines

Some animations move too fast,
competing with other elements
and overwhelming users, such as
the moving lines placed between
the label and the animated icons.
Indeed, it seems that the lines do
not support users, but they dis-
tract them from the most impor-
tant information. As a result, such
lines should be removed.

Animated check-mark

The animated checkmark was
considered too fast in terms of
presentation and lasted too short
after its completion. As a result,
this animation should last longer
and be more evident, especially
because for the users it was a
relevant piece of information the
comforted them after the alarm
went off.

Animated bell

The animated bell placed behind
the icons captured totally the
attention of the users distracting
them from the other pieces of in-
formation. As a result, it should be
positioned in another area of the
interface, such as on the top-right
corner and in line with the icon of
the pulsing nurse.

Progress indicator

The progress indicator increased
the expectations of the partic-
ipants who, also, expected the
arrival of the nurse before the in-
dicator reached the end. Although
initially, it reassured the partici-
pants, in the end, it added stress.

In general, users seem to expect
that a progress indicator increases
its speed towards the end [A]; as
a result, to create more satisfac-
tion and reduce frustration, the
progress indicator of Overcome
should proceed with a constant
speed or go faster towards the
end, to make the waiting time

more pleasant. However, because
the speed of the indicator varies
with the variation of the speed

of the nurse, it could be better to
show patients the nurses’ pro-
gress without time indications.
Indeed, showing only steps could
be enough for patients to form, at
least, an estimation of the waiting
time and also it might reduce the
risks of adding stress [A] .

To further minimize the problem,
the progress indicator could be
positioned on the bottom part

of the interface, just under the
animated icons, and the shape
changed in a horizontal indicator.

Pulsing nurse

In Overcome, the pulsing nurse
icon is continuously shown and,
only in the case of an alarm, it de-
creases in size and moves on the
top-left corner of the screen thus
allowing to the other information
to be shown.

In general, the icon gave partici-
pants the feeling of being moni-
tored (“I felt like there is someone
watching at me [...] you know
someone is taking action”), but
the continuous pulsing frequent-
ly disrupted such a feeling, thus
leading to misinterpretations and
the belief that there was a prob-
lem in the connection with the
nurse (“it gives me the impres-
sion that there is a process going

on [...] it seems that a nurse is
taking time too much time to
doing something” - “it seems like
it is taking a lot of time to con-
nect”).

As a result, the icon should be re-
designed. It should be more static
and the circles removed; perhaps,
an online status indicator could
be added to show that the nurse is
currently connected.

Cold interaction

Participants would have preferred
to place a picture of the nurse
who was monitoring them inside
the icon of the pulsing nurse to
make the interaction less im-
personal, and more on a human
level. Such an intervention could
generally make the interaction
with Overcome more friendly and
reassuring; indeed, people might
feel more connected to another
human being (the nurse), rather
than with just a computer.

Terminology

Improving the terminology of the
labels could help in minimize the
aforementioned problem. Indeed,
messages should be more infor-
mal, less technical and straight
forward (e.g. A nurse has been
assigned to you).
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6.8 | Future directions

To further develop Overcome into
a tool that can be implemented

in the ICU, some work on the
design and the technology need to
be done. Possibilities for imple-
mentation of Overcome concept
seem promising, especially in

this transition phase in which the
removal of medical alarms from
patients’ rooms is still far away.
Indeed, Overcome can play a role
in improving the ICU patients’
experience, as well as empowers
the patient-nurse relationship, by
reducing the detrimental effect
medical alarms have on their
psychological well-being and
giving nurses the possibility to
timely and properly support their
patients.

Overcome is a resource that can
support ICU patients in coping
with medical alarms; indeed, it
can help to properly appraise an
alarm avoiding the rise of stress
levels and the development of a
state of anxiety.

A discussion at the EMC with the
head of the ICU and my profes-
sors from Tu Delft about Over-
come led to interesting insight
about the possibility for further
research.

Firstly, further research should
be done to develop the content of
medical alarm feedback provision,
not only information related to

the detachment of a sensor (e.g.
SPO2) should be shown but, for
instance, also on blood pressure,
an empty pump, missing drugs,
etc.; as a result, patients might

be informed that the end of the
drug was scheduled and be able to
distinguish an analgesic from an
antibiotic.

In addition, further research to
categorize high priority and low
priority alarms should be done
and tests conducted to understand
how clinically relevant alarms
should be shown to patients.

The tool could be used also for
keeping patients update about
their healing process and the
activities that need to be done
during the day, thus psycholog-
ically preparing patients about
the interactions that are going to
happen in advance.

Furthermore, attention should

be put on the development of

the network in which connecting
Overcome to the nurses’ pager
system. Nurses should be given
the possibility to control Over-
come and make choices on the
provision of feedback deciding
which information to share with

a patient to provide those that the
most suit with the personality and
needs of the latter. Such develop-
ment should take into account the
implementation of functions to

change the language on which the
feedback is provided. In addition,
nurses should give patients the
possibility to choose whether or
not to use Overcome during hos-
pital stay.

I believe that the use of visual de-
sign for the provision of feedback
should be employed also in future
versions of Overcome. People can
easily comprehend such informa-
tion without effort and the need
for someone who explains to them
the meanings.

However, after the admission

in the ICU, patients, as well as
family members and friends,
should always be introduced
about the features and capabilities
of Overcome by nurses. Patients’
relatives could benefit from
Overcome too, especially it could
reduce their overreactions when
a medical alarm goes off. Moreo-
ver, the needs of using Overcome
might reduce in patients who are
hospitalised for a long period of
time because the longer is the
stay, the higher are the possibili-
ties to learn how to recognize and
interpret a medical alarm, as well
as the nurses’ reactions.

In conclusion, in further research,
it should be taken into considera-
tion the use of a bigger TV screen
or a dedicated screen to place
closer to the patients’ bed. Indeed,

the elderly and people with limit-
ed vision abilities might find diffi-
cult to effectively read information
from a 40 inch TV screen placed
at a distance of about three meters
from their eyes. These considera-
tions should be also extended for
people with colour vision deficien-
cy; as a result, it is necessary that
a redesign of Overcome takes into
consideration the possibility to
adequate the interface to people
with such conditions.
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Appendix B - Recruitment process

Critical |
Alarms Lab

We would like to bring Salve Cucinella’s research to the atcention of former ICU

Fﬂii?. TS and lowved ones.

effects may lir

whelming experience and

after discharge from the hospital. Sound p ~ole in this, because the)

e patient from recovering from ser

NCe on the quality of =leep. butit also often scares peaple in the

=o unpredictable and it is not clear what the sound is for.

For my research | ask help from former ICU pati

and their far

with cheir experience we can get 38 better picture of what effe

of the patient. Tegether we can define guid

ta improve the experience of IC patients.

Dtudelft.stedentnl
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01_Newsletter : recruiting participants

)
\ i
\
Feay .
’ E MC
fuDelft Alatims Lab ﬁ sy vEdvn

“Hello, my name is Salvo and | am from lItaly. | am a Master’s student in De-
sign for Interaction at TU Delft. For my graduation project | am investigating
on the effects medical alarms have on ICU patients’ psychological well-be-

ing.

Staying in the ICU is an overwhelming experience and its effects may linger
long after discharge from the hospital. Medical alarms play a major role in
this because they can prevent the patient from recovering from serious ill-
nesses. They do not only have a negative influence on the quality of sleep
but they also often scare patients and thus increase the risks to develop
psychological issues, such as anxiety disorders.

We want to get an understanding of the contextual factors that influence
the behaviours and opinions on medical alarms in nurses and patients. |
ask help from ICU nurses and who have experience in single-bed rooms
and (former) patients who were conscious during hospital stay. They will be
involved in four activities: sensitizing (1 hour), one interview (1hour), one
group session (2 hours) and one users test (1 hour)”.

Do you want to participate?
S.L.Cucinella@tudelft.student.nl
+39 320 1890 113

02_Invitation to the study email

)
¢)
» 2
\ h
)
a .
FuDelft iy l? S visvn
H e I I o) !

| am Salvo from the Delft University of Technology.

| am conducting a study at the Critical Alarms Lab (TU Delft) in collaboration
with the Department of Intensive Care (Erasmus MC), the IC Connect organi-
zation and the V&VN Intensive Care association about the anxiety induced
by medical alarms on patients. The aim of the study is to understand the
experience of (conscious) ICU patients with medical alarms in relation to
the support provided by nurses. Nurses are considered the main resource
for patients to cope with medical alarms. We believe this is a very important
topic that needs to be explored and addressed to understand the gaps in the
interaction, and you can help.

The first phase of the study involves three activities with former ICU patients
who were conscious during the hospital stay. | will send you a Booklet that
you can complete over a week and each activity would take 5/10 minutes per
day to prepare you for the interview; a one-on-one interview that would be no
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more than 1 hour long; a group session that would be no more than 2 hours
long. No identifying information will be shared. These activities will help us
understand the needs and values of patients and will serve as a basis for
exploring a future solution.

To guarantee physical and emotional safety, participants are invited to per-
form the one-on-one interview and the group session at the Delft University
of Technology or at the Erasmus MC; however, participants are allowed to
choose the location where they want to be.

If you are interested in participating, please contact me at S.L.Cucinella@
student.tudelft.nl or (+39)3201890113.

In the attachment, you can find the Study Information with more details about
the research and the Informed Consent. Please, read these documents care-
fully, and if you have questions, please, call or send an email to me or the
supervisory team.

While waiting for your reply, | send you my best greetings.
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03_Welcome to the study email

visaal Erasmus MC
'?U Dalft ll.--r'-r-: Lab R A" E_"}\'ul'l I"'I

Welcome fto the study

Dear Mrs Xxxx]

Welcome to the study "Coping with medical alarms in the (CL: reduce the anxiety on ICU
patients by improving the communication with nurses”. The first phase of the study involves
a Booklet and a one-on-one interview.

« The Beoowsfet You will receive it by post | would like to ask you to complete
the Booklet before the interview. In this way, vou can reflect on vour experience
following the guestions as a guide. Completing the Booklet requires about fivesften
minutes per guestion. You can complete a question per day.

« The Interview. We will discuss the questions on the Booklettogether. We will do
some activities using elements designed to trigger associations andfor memaories.
The interview lasts about an hour.

Why do we want to involve you?

You are the expert, and therefore we consider yourexpernence and know'edge grecious and
meaningrul.

The primary goal of the study is to understand the experience of ICU patients with medical
alarms in relation to the support provided by nurses. We are interested in understanding
which emotions alarms evoke on conscious patients and the meanings they attribute to
them. We are interested in understanding what hinders the interaction between patients and
nurses andwhich needs have to be satisfied to improve comfort when a medical alamrm goes
off.
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Youwill be involved in the design process in orderto ensure thatwe can meetthe needs and
dreams of conscious ICLU patients for designing a future experience.

What do | need?

« Anaddresstosendyouthe Bookiet,

« Arrange a dateforthe interview: are yvou available between the 18th and the 23rd of
Augqust?

«  Settlethe locationwhere | can meet yvou forthe intenview.

If you have guestions, please contact me at S.l.Cucinelfai@student.tudefft.nl or {+39)
3201890113

| am looking fonward fo meeling yvou and to know each other better.

| really appreciate your help.
Thank you for your consideration and your time.

Sincerely,

Salvo

04 Confirmation to participation

@)

Fuoein ....‘;::'.:Ln S 1C vigvn

Dear Mrs X000

Thark you for your negiy!

Heretry | conferm gher darle, $mer and locadion of e irerviens:

Tima

o0 am

Day

Tist of August 2070
Location

Artr van SiEngsinlsln 62
2162 24 Hilsgam

Ri=ase If you prefer ohave the inlervlew sooner Jlaler than 10 am, send me an small with e dme mare
convenient for pou

“fiou will receive the Bookdetby Post ML between Monday the 12th and Tuesday the 13thof
August. Please, let me know if you do not receiveit.

Thank you for yourconside mtion and your ime.
Sincerely,
Sahvo
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Ktudy information

Coping with medical alarms in the ICU  reduce the anxiety on ICU patients by

improving the communication with nurses.

Salvafore Luca Cusinellz, M5s in Design for inferacfion. Cnfical Alarms Lab
{CAL). Faculty of Industrial Design Engineening. TL! Delff. The Netherands

Eraamus MG

-?U Delft mﬁ::ﬂl:lh

Purpose of the study

@conrect vBvn

The research is 3 qualitative stidy that uses a method developed in T1) Delft called Contextmapping.
The zim of the study is to get an understanding of the contextus] factors that influence the behaviours
and opinions on medical slarms in ICU nurses and (former) patients. We will investigste the meanings
users attribute to medical alarms and the emotions they asrouse, a5 well a5 on the interactions

betwesn nurses and patients in coping with medical alarms.

The purpose of this research is to generate insights into the experience of ICU nurses and (former)
pstients to have an understanding of anxiety caused by medical slarms. The research is for 3
graduation project developed at the Cofical Alarms Lab (J1) Delft) and in collaboration with the
Drepartment of Infensive Care of the Emsmus MG (Rotterdam), the IC Connect organizafion and the

VEVN Infensive Gare associzhion.

Benefits and risks of participating in the study

Dwring this research, the main risk for the participants is to feel uncomfortable due to activities that
might evoke negative memornies could and provoke psychological stress due fo the time they have
spent i the 1CU.

Comfort and safety of participants are considered of primary importance and the research will be
timely interrupted § one of these aspects is not assured. Participants will be invited to stop the
activities and quit the study st any time they want. Participants are free to not share their own
memaories of opinions if they feel uncomfortable. To guarantes physical and emotional safety, all
participants will be allowed to choose the location where they want to be and where they feel safer for
the interview. It is expected the panticipants will choose guiet spaces, such as homes or other spaces
(=.g., fibrary, community centre, etc.). For the workshop and the follow-up study {users’ test)
participants will be invited at the Delft University of Technology or the Erasmus MC.

The bensfits of this research are to generate knowledge regarding the masnings users attributs to
medical alarms. Talking about the stress provoked by medical slarms can help (farmear) patients to
become more aware about the problem, as well as nurses that might learm more about how their
patients are emotionally invelved and which are the most effective strategies to apply to reduce
anxiety. Hnowledge scquired might benefit clinical staff by increasing their empathic understanding
regarding patients and influencing the way care is delivered, making it more humanised.

At the end of the study, participants will be informed about the results.

Research activities
If participants will accept to take part of the study, they will ke invalved in three activities:

1. Sensidzing | September 2013 | Individual sctivity

Participants will be provided with 3 Booklef by post. A Booklet is a small book with exercises,
containing text and graphics. The aim of the Booklet is to prepare the participant to the
Infenview. Completing the Booklet reguires about fivalten minutes per guestion. Participants
have a week to complete it

2. One-on-one interview | September 2019 | Individual activity

Diuring the interview participants will be asked to take part in four activities. The location will be
determined according to the participant preference. The interview lasts around one hour,

The inferview is structured as follow:

#  Introduction | Knowing each ofther {10 munj}
The researcher and the participant will introduce themsehles. More detailed
infarmation regarding the project will be also provided.

*  Activity 1| Reflecting on the Booklef {10 min)
The researcher will ask the participant to reflect on the answers given in the Booklet
together.

*  Achivity 2 | Discussing Medical Alarms {15 min)
The researcher will ask the participant to talk freely about the medical alarms.

*  Activity 3 | Talking about Comforf (15 min}

The researcher will start 3 conversation with the participant regarding their experience
in the 1CU with medical alarms and comfort.
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#  Activity 4 | Future expenence {10 min)
The researcher will ask the participant to provide ideas to generate new insights.

3. Workshop | October 2015 | Group activity

Participants will be invited to participate in 3 group activity at the Erasmus MC. Durning the
Workshop, participants will be wpdate regarding the progress of the research and involved in
creative activities to generate together with the ressarcher idess regarding the future
experience of ICU nurses and patients in reducing anxiety when a medical slarm goes off. The
workshop will last around two hours.

4. Follow-up study | November 2013 | Individual activity

Participants will b invited at the Delft University of Technology for a howr session. During this
session, they will interact with 3 prototype developed by the reseancher and guestions sbout
Usability will be asked. The aim of the activity is to gather feedback and validate the design.

Mare details regarding the activities will be provided participants during the cowrse of the study periods
and before each activity.

Personal information collected

Dwring the research, written notes, pictures and audio recordings will be captured. The researcher will
use some quotes and pictures that depict important moments of the activities proposed to explain how
the research was conducted during presentations, in the report, and the portfolio.

To guarantes the privacy to participants, names, as well a5 faces of the participants in the pictures,
will not be shown in any of the presentations, report or portfolio. Collected Data will be safeguarded
physically and will be accessible only to the supervisory team involved in this research. Data will b=
de-identified. Mames of the participants will be coded {Parficipant 01) and faces on the pictures will be
blwrred in all the sitwations of use described before. Finally, sudio recordings will be destroyed after six
months.

Participants can always contact the researcher and the supervisony team to ask guestions sbout the
study if any doubts arise.

Participants will be allowed to access their own data if requested. To the participants that will request
the data, the researcher will provide a copy of all the materials produced by themselves during the
muiltiple activities, including the voice recordings and pictures that depict only the person interested.

Contacts

Rezearcher

5. L. Cucinella 5L Cueinela{@=tudent. fudeifin
Supengzory feam

Dr. O=can Vieira E. Durector of the Cntical Alamms Lab E Qzeani@fudeif ni

Dr. Krmal, J.J. JJKmalftudelft.ni

Prof. Or. D. Gommers Head of infensive Care Unif d.gommers{ferasmusme.nl

Informed consent

Confirmation of permission to participate in the study:

Coping with medical alarms in the ICU: reduce the anxiety on ICU patients by
improving the communication with nurses.

Herewith | confirm, the undersigned, that | give permission to pericipate in the
sforementioned study.

In connection with this, | declare the following:

Pleose tick the appropriote boxes
Taking partin the study

# | haveresd and understood the study information.

# |have had sufficient time to decide on participation in the study.

# | am sufficiently informed about the nature, purpose and procedures of the investigation.
# | consent voluntarily to be 3 participant in this study and understand that | can refuse to

answer questions and | can withdraw from the study at any time, without having to givea
rE3son.

# | understand that tzking part in the study involves that information will be captured using a
Booklet, sudic recordings, pictures and written notes.

# | agres to be photographed while taking part in the study

# | agres to be sudio recorded while taking part in the study

# | give permission that | can be approached for a3 follow-up study
Risks associated with participating in the study

# | am sware that taking part in the study could stress me and evoke negative experiences
and memaries regarding the medical slarms.

Use of the information in the study

# | understand that the information | provide will be wsed to depict important moments of the
Sctivities to explain how the research was conducted during presentstions, in the report,
and in the portfolio

# | understand that personsl information collected that can identify me will not be shared
b=yond the supervisory team.

# | agres that my information can be guoted in research outputs.

o o o O

Mo
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Appendix C - Contextmapping tools

Future use and reuse of the information by others
# | give permission for the materisls generated in this study to be archived in TuDeft o
repository so it can be used for futwre research and learning.

Signature

For the participant
| have read the informsation sheet carefully and understand what | freely agree with.

Cata Participant's namsa Participant’s signature

..when an alarm goes off!
For the researcher
| hereby certify, the undersigned, that | have fully explained to the sbove-mentioned patient

the nature, purpose and procedures of the examination, that | have given them a copy of the
comesponding "patient information” and that they heave volunteered to paricipate to the
inwvestigation.

Diate Resaarchers name Ressarchers signature

Hil | am Sakvo...

T twnokied 8 el s o o It o O (ot e e e ool ) o g o
PErnal mpee s wlh medcs v

Thirws: e s g v b Rl cpanalicrns e s el 2 Lot it ol nasmen gy e e
T iy 0 o i b s commmely it slichr i o e,

51, el shider i

0 £ 180 113
sl 90 Po0 W 10 1) T DO i 0 T i
Informed consent | version 1.1
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rage /s .
- '
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Me and my
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Dank u wel voor uw hulp!

| am logving forward fo see you

on the session. And please. donT

hestate on contacting me if you
herve querslions,
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Appendix D - Personas

Diana

participant 01

"

* 45 years old
« Volunteer in the ER
« Artist, photographer; writer

Diana has a syndrome inherited from
her mother. She is a sociable and
curious person asking lots of questions.
She likes being in control over the
situation and she does not like having
dubious.

She has been admitted 8 times in the
last 20 years in the ICU, but last time
she nearly died. Diana is strong and
loves life, she is positive. She is thank-
ful for the love and support received by
her best friends, because without their
support, she says, it would not have
been possible survive!

She developed PTSD after discharge,
but re-experiencing that environment

during her therapy was helpful.

Diana hopes to do not retum to the ICU
as a patient, but she often goes to the
hospital supporting patients by sharing
with them tricks to cope with medical
alarms.

ﬂvoﬂ‘
&
\"":‘
DarkAlight
vomm
e
& Talkis
Comfortable Pain free g 9
Call nurses
Know the situation
Loved ones
Whatdodaesdere -
Understanding
Personal care
Collaboration
WW"“';- B 4
Informing people before admission
Silent alarms

Hans

participant 02

"" N

N
A o
ﬁ"] e !

« 70 years old
* Retired
* Ex ICU nurses and project manager

Hans had a myocardial infarction and
he had surgery for four bypasses. He is
a highly educated and wise person. He
is specialised in anesthesiology and
ventilation, and for 20 years he has
been an IC nurse. He likes being in
control and he does not like surprises.

During a two-day period in ICU, he was
not able to remember what others said
to him, nor recognizing what was
happening to him. He developed
delirium and he still remembers how
crazy was being in ICU as a patient,
and how his background was useless in
that condition.

Hans retumed to the hospital after
discharge but for his new job. Every
time he heard a medical alarm he
switched it off as soon as possible if
nobody was tmely responding.

&
&
- f“' ant
Call nurses
Talking Loveand
support
Know the situation
Whatdodaeeders .
Understanding
Safety
Personal care
A voice that reassure you
Decrease alarms volume
Alarms&Music

Silent alarms
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Marianne

participant 03

- -~

-

* 75 years old

* Retired

» Chairman IC Connect, former ICU
patient, former Youth Heaithcare doctor

Marianne had a chronic severe and
autoimmune disease. She is an ambi-
tious and independent person who
always has been full of responsibilities
and in control.

Marianne woke up in the ICU after 10
days of coma. She remembered only
the Jast 4 days in ICU and when she
was conscious. Her husband has been
always next to her and his technical and
emotional support was fundamental for
her recovery.

In ICU, she got delirium because of lack
of sleep and the stress caused by lack
of care, the noisy environment and the
inability to talk and move.

After 11 years, Mananne still deals with
her PTSD. She can not tolerate crowd-
ed and noisy situations. Every sound
bothers and agitates her.

Marianna wants to help as much as
possible (former) ICU patients and
relatives in her organization

What's.i . s
Quiet
Call nurses
Love and
support
Privacy
Talking
Know the situation
JVDRL00 268G e
Understanding
Personal care
Compassion
W""ﬂ‘—" e
Visualize alarms
Alarmsé&Pleasant sounds
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Appendix F - Experience flow
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Appendix G - Questionnaire- Testing comprehensibility

Owvercome. A feedback interface for ICU
patients.

Overcome. A feedback interface for ICU
patients.

Thark you very much for evaluating our animated icons! If you have any
commeants for us, please write them down hers!

Back m . Page 11 0f 11

Overcome, A feedback interface for ICU
patients.

Cwercomie, A feadback interface for 1(CU
patients.

B ————————————————————————————
Chwvercome, A feedback interface for (CU
patients.

Wirae OO0 wour Think: this ankmeed Bon mesns
B ISP R R ARG

TN will FaSDOeen WiheT) a0 B6e TN

Wt O
T P TR TV CRMIGE § 7 B BT TR 23T B

— a1

Overcome. A feedback interface for ICL
patients.
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Cwercome. A feedback interface for ICU
patients.

Cwercome. A feedback interface for ICU
patients.
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Appendix H - Virtual reality video storyboard

Cwercome. A feedback interface for ICU Cwercome. A feedback interface for ICU
patients. patients,

PIDDEn WHES P00 B I IS OO W 0 1 TN, vl oo Wil ' M T PHTI0RT A0

Cwercome. A feedback interface for ICU
patients.

‘ Animated koon_&




194

Appendix I - VR flyer for recruitment Appendix L - Questionnaire - Evaluating the design

Test - Group A
Virtual Rea Iitv test _ Hella!

Tnenk you for participating i our test.

Qur praject is about preventing the development of 3 state of anxiety on ICU patients by
increasing patients perceived sense of safety.

CALL FO R We would like you to help us evaluate your experience as 2 patient hospitalized in the ICU. it

X is important that you put attention on the details of the experience trying to immerse totally
PARTICIPANTS 4 yoifaelt

Experience |ntm'ﬁ : gxperience.

thrOuEh thE EYEes ﬂf mﬁm The test will take about 13 minutes.
This is a projoct coospamted by T @ . Emﬂﬂ]‘:hylu-1“ bﬂMﬁ 1%_- D Haxt
Ermsrmuas MC aiming o moduce i ol I:Em'
piigis i0 develop a sisle of ansmar, nm.
—
We are looking for 20 participants! Intereated? Reglsier pow through the link or Qr Code
Test - Group A
i

Sprn oy e b g S ey B ey g P s w8 ke e
B

Tond WP

Tous arma

) e
) Femuie

0 oo

Catm of Birth. (Sfmendiy] *

Vgt Lo} *

Vit B

The next page 2sks you for some information about vourself. On the page after, you will find
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Instructions

Overcome's feedback-interface is a prototype.
When you are taking the test try to think zloud and explzain what you would expect to happen.
You can review the fesdback interface by watching at the video below.

Please, put attention on the content of the message, as well 25 on the way how the message is conveyed
and |ater answer 1o the questionnaires below.
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*Required

End-to-End User Experience

Ancevelyation of the end-to-end user experience provides insight into any changes that need to be made to
the workflow within the Overcome's faedback interface experience, such as a feature within an application
thet feels disconnected from another.

When you are teking the test try to think aloud.

2na scale from 1to 5 (1=nct at all likely, 7=very likely). how likely are you to
reccornmend this product to a patient? *

1 2 3 4 3 6 7

not at all likeby O O O O O O O very likely

If you were in the hospital as an ICU patient, how frequently would you refer to
this product? *

O Mever
(O Very rarely

Rarely

Frequertly

@
O Occaszionally
O
O

Vary frequently

Any comments or guestions?

YOur answer
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