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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 issues have a negative influence on
the patients’ healing process and
dramatically reduce the quality of
life during and after ICU.

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 guarantee them an improved quality
of life during and after such an
experience.

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

Overcome is a feedback interface 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.

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

Through the provision of feedback, Overcome informs patients
about the nurses’ decisions over
medical alarms while they are approaching the room thus restoring
the perceived sense of safety.

Nurses are the main resource for
patients to cope with such a threat. 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

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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1.2 | Previously at the EMC
sions, to assess psychological
well-being.
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 reactions 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.

Figure 1. Erasmus Mc, Rotterdam.

During my internship at the Erasmus Medical Center - EMC (Figure 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 typology 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 different work shift (morning, afternoon 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 provoked by sounds producing events
(SPEs) with a focus on patients
emotional reactions and sleep/
wake cycles.
Based on the top 5 anxiety indicators [11] (agitation, increased blood pressure, increased heart rate,
patients’ verbalization of anxiety,
and restlessness), to estimate patients 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-

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 corresponding 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 patients respond to SPEs with negative
emotional reactions and long
exposure to such unpleasant
emotions might contribute to low
psychological well-being. As a result, SPEs were defined as a cause

of sleep disruption and considered
as a source of stress and anxiety
as their occurrence interferes with
patient well-being.
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Humancentered alarms

king a holistic view of the
alarm issues and emerging technologies” [6].

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 conditions 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 development of audible alarms is
fundamental”.
The framework illustrates a non-linear collaborative approach that
aims to “being inclusive
in decision making by ta-

Medical
alarms

In this project, the collaboration of the knowledge institutes (TU Delft
and Erasmus MC) and
users (ICU nurses and
former ICU Patients)
was considered to understand how alarms are
managed by clinical staff
and perceived by users,
and to design a solution
that satisfies their needs.

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

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 80 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 different monitoring systems [16],
can negatively impact the working
conditions of the medical staff and
causing stress to patients hospitalized 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 medical devices (e.g. physiological
monitor), such as crisis alarm
(detection of life-threatening
situations), system failure (detection of life/threatening device
malfunction), warning alarm
(detection of imminent danger),
system warning (detection of
potential device malfunction), and
advisory alarm (detection of unsafe 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 situation that triggers an alarm [20].

According to the Association
Francaise de Normalisation (AFNOR) alarms can be classified into
three categories [60]:
•Les alarmes de priorite’ haute - high priority alarms: which
indicate an emergency situation:
an immediate response from the
nursing staff is necessary to resolve an immediately vital problem
for the patient;
• Les alarmes de priorite moyenne - medium priority alarms:
which indicate a danger; prompt
response from caregivers is required;
• Les alarmse de priorite basse
- low priority alarms: which indicate 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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In [26], anxiety is defined as “fear of
the unknown, as disproportionate to
the threat involved, related to the future”. At the Delft Institute of Positive
Design (DIoPD), anxiety is described
as a negative emotion experienced

cases, they result from measurement and movement artefacts [23,
24].
False alarms are the most problematic 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 depends 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 reacting to an alarm. In addition, it
was shown that the most common
procedures performed by clinicians 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 repositioning of the pulse oximetry sensor (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 desensitization to alarms and may
cause nurses to improperly cope
with significant alarms that affect
patient’s safety [21].
According to [20], “alarm fatigue 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 alarms 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.

by individuals as a response to an

Anxiety

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

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 reducing 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), inducing 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 differences 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, explanation 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.

know what the threat is” [27].

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 resources 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 uncertain which, as a result,
adversely affects their
wellbeing (e.g. increased
stress levels).
In such emotional conditions, people start to
become vigilant and scan
their surroundings for
more information [27].

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

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 autonomic nervous system” [50].

About anxiety, it is necessary
to understand the differences
between trait anxiety and state of
anxiety.

In this research, I did not take
into consideration the personality
(anxiety trait) of patients into account, but I focused on the emotional and physiological manifestation of anxiety (state of anxiety)
in relation to medical alarms.

Trait anxiety is the “tendency of a
person to experience anxiety” and
this depends on his/her personality, 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.

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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a threat and appraised as dangerous. 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, people start to analyse their available
resources and, if the resources to
cope with the threat are sufficient,
the person will suddenly overcome the stress, but if the resources are insufficient, people develop
stress.
To cope, people use two different 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 strategies, in which people change the
situation itself (e.g. social support,
problem-solving skills).
Resources provide people with the
abilities to regulate their emotional 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 minimize stress levels in the
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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.

patients cannot solve or escape
from. The imbalance between
external demands and the individual’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].

In the ICUs, patients are constantly exposed to many sensory stimuli which aggravate the feeling of
anxiety and affect or even induce
new health complications (e.g.
intensive care syndrome) prolonging the recovery process, and
which alters individuals’ mental
functions (e.g. confusion, disorientation, hallucinations) [7].

Social support can
enhance patients’ ability to access new information and to identify
and solve problems. The
provision of information
might help to reduce uncertainty and help to produce desired outcomes.

Noise-induced stress is a condition that physically and emotionally occurs when a person is
“unable to ignore, block out or
otherwise cope with the unwanted
sound” [29].
3

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 conditions reduce the patients’ fight-orflight response.
Medical alarms, considered as
negative sources of influence, are
an example of sensory stimuli that

Social
support

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 resources he/she has to cope with the threat;
thus, the more are the resources, the
higher are the possibilities to succeed.

“When people experience
stressors, having enhanced individual or community resources increases
the likelihood that stressors 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 supervisors; 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 informational support from health care
professionals” [39].
The social network of ICU patient is composed by many social
relationships including different
professionals, family members
and friends.
Patients’ social relationships are
characterized by different functions, such as social support and
companionship. In the case of this
project, we focused on the social

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-patient 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 provision of empathy, love, trust, and
caring.
2. Instrumental support, or the
provision of tangible aid and services 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 provision of information that is useful
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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 ventilators 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 nursing care. They are more aware
about their surroundings.
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Being critically ill

Try to imagine being an ICU
patient.
Imagine waking up in a new
and unfamiliar environment
where you are forced to lay
down in a bed, surrounded by
many medical devices, noise,
and sound.
Imagine being overwhelmed
by cables, sensors and tubes
that enter your body.
You cannot move, you are
weak; however, your brain
is working well and your last
memory is about a few days
ago when you were at work.
While you are trying to understand what had happened,
you see people entering and
leaving your room, there are
people touching you, and
annoying alarms that continuously go on.
Every time an alarm goes off
you get scared because you
cannot figure out whether that
alarm means that you are in a
life-threatening situation.
In addition, imagine that you
are alone when an alarm goes
off: no one enters the room to
provide you with the expected
support, and you must submit
to such this event without having any control over it.

Patients in ICUs are dependent, 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 interesting case - can instead elicit
feelings of being dehumanized.
Indeed, keeping patients alive is
of top priority in ICUs and, sometimes, healthcare professionals
may ignore the fact that patients
have psychological needs and they
focus mainly on fulfilling physiological needs [5].
Healing from traumatic incidents
or delicate surgeries, such as organs 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 experiences 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 provide users with better experiences
and outcomes in ICU.
This research focuses on a specific
aspect of the whole ICU patients’
experience, the patient-nursealarms interaction. Such experience has been studied from the

moment when a medical alarm
goes off to the moment when a
nurse leaves the room.

50

tired, too much noise […]” [P03]
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”, “understanding”, “fear”, “stress”, “emergency”, “control” and “anxiety”
(Fig. 21).
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[…]” [P02]
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
[…]” [P01]

The patients’
experience

[P03]

“ […] alarms are an emergence
because that’s what alarm represents for me [...] an emergency
triangle […]something you use
when you have car trouble […]”
[P01]

In this study, I focused on understanding patients’ needs and emotions starting from the moment
when a medical alarm goes off to
the moment when a nurse leaves
the room after his/her intervention to stop the auditory stimulus.

Due to the lack of understanding,
medical alarms were experienced
by patients as a threat that indicated the start of a life-threatening situation.

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.

“ […] the alarm tells me there’s a
problem […] you feel it like, like
a threat and you’re afraid […] “
[P02]

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

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

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

“ […] if there’s not a nurse available, you’ll feel trapped or quote
in alarm saying you can’t explain

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

“ […] what if there’s something
wrong with me?[…]” [P01]

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

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, patients 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.

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 experience will be examined phase by
phase.
The experience

I put more attention on a specific
phase of the ICU patients’ medical
alarm experience: Waiting because is the phase when patients
get anxious and not only because
they cannot determine whether
or not an alarm is life-threatening, 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

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 alertness and fear.
An alarm takes by surprise patients, 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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The nurses’
experience

The nurses’ experience
Nurses are a fundamental resource 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 physiological and psychological deleterious
effects of the stress in critically ill
patients” [1]. Nurses are resource
persons who have the information 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 delay; 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., patient 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 patients with informative, instrumental, 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 human-human interaction.
The ICU nurses experience was
analysed focusing on the practices, behaviours and decision-making process from the moment
when a medical alarm goes off to
the moment when they leave a
room.
Information regarding the obstacles nurses encounter when
handle medical alarms and the
strategies employed to reduce
patients’ anxiety were collected.
Seven different phases were identified: (1) Managing, (2) Receiving, (3) Interpreting; (4) Deciding, (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 accordingly 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 patients 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 reporting 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 patient on the monitor, think about
the medical devices inside the
room, check the patient through
the window to understand whether 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 quiclky 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

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, nurses 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 something is not going good, in order
to do not further scare and stress
the patient.
Inside the room, and before interacting with the patient, nurses take all the required actions
to stop the alarm and solve the
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3.3 | Conclusions

It appears that medical alarms
might contribute to the development 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 option 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 patients 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 cannot control nor interpret them,
especially due to their lack of
understanding. Without any available 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 adversely 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 medical 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’ expectations 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 represent 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 ongoing 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 information 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 believe 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 support. 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:

How 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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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.

Design
directions

The idea of developing an interactive tool that put in communication nurses with patients by a
distance was already discussed
with the parties involved in this
graduation project at the beginning 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 communication with patients to comfort 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) acknowledge 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) Acknowledging 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 combination with information provided
by nurses to patients through the
interactive tool during hospitalization, might enable the latter
to easily identify and properly
interpret the stressor.
Acknowledging:
Reassuring and acknowledging
Patients could be passively
involved in the nurses’ decision-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.

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 something 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 accordingly to the types of alarm, their
frequency, decibel or duration.
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how they are conveyed by nurses
to patients were identified. Findings 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 content 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-verbal communication), I was able
to define some personality traits a
nurse should show in such interaction.
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,
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a low and soft tone of voice, eyes
contact and - with some patients even physical contact (e.g. touching the shoulder, hold the hand)
are fundamental ingredients to
employ in the attempt of calming a patient down and remove
anxiety.
In the analysis of the content of
the conversation (verbal communication), it has emerged that
there are topics commonly treated
and presented, usually in a specific 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, including 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

make sure that patients have
understood what has happened
and whether they are at ease;
finally, they should always reassure patients that they are continuously monitored, even if from a
distance.

Figure 29

Figure 30

Figure 31

Figure 32

Figure 33
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4.3 | Design requirements

In this section, the characteristics of the Interactive tool are
described and a list of requirements 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;

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

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

- 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 monitored;

- No physical interactions should

- 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 accepted 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 instructing them on how to deactivate some of them;
Appearance
- The appearance of the interactive tool should reassure and
comfort patients;
- The information shown on the
interactive tool should be easy to
recognize and discriminate, concise and consistent;
- The information provided in the
interactive tool should be readable 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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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 design, which investigates “methods
to communicate and inform visually 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 cognitive load when interacting with
the system [47].
Feedback is defined as “actions
taken by (an) external agent(s)
to provide information regarding some aspect(s) of one’s task
performance” [48]. When designing 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, modality and presentation and user
experience [49].
Technology
Feedback can be delivered
through many different technological channels, such as websites,
Smartphone apps, wearable,
home displays, etc.
Content
Content, which must fit the receiver 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 determine, for instance,
the level of detail [49].
Timing
To improve effectiveness, feedback should be provided with no
or a short delay to give the recipient 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 reflection-on-action or reflections on
activities already occurred which
reduces the possibility for a
change on behaviour [49].
Modality
To increase feedback effectiveness, it is also necessary to select
the optimal delivery channel or a
combination of channels, such as
visual, auditive, or tactile channels. 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. Similarly, 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’ cognitive capacity. As a result, as long
as the frequency of the feedback
does not overwhelm an individual’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 necessary 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, feedback 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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5.5 | Testing comprehensibility

In the development of the interface, particular attention was put
on the principle of Interpretability presented in the ISO 9241112:2017, which is discussed on
the next section of this chapter.
Due to ICU patients restricted
cognitive abilities, the risks of
misinterpret information presented are high.
Providing patients with ambiguous information could add stress
and anxiety, thus failing the
design goal. As a result, it was important to test the extent to which
these animated icons (which represent the main information) were
easy to comprehend.
The animated icons were designed
to visually inform a patient promoting the understanding of medical 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 comprehensibility
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 symbols 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 understand 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 participated. 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 answers with those given by people
that represent the general population.
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 patients (13 female / age 52.85 and 2
male / age 54), 47% general population (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 proposed 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 animated 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, participants 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 categories are: 1=correct; 2a=wrong;
2b=wrong and the response given 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 separately and their frequency recorded
separately [51].
For each group, responses were
analysed separately and later
compared. The intended responses 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

Question A : What do you think this animated icon means?
1. correct

2a. wrong

2b. wrong/opposite

3. don t know
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Icons
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7

17

57%

12
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-

-

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 percentage values by dividing them by the
total number of responses given
for each animated icon in category
1 to 3, and later multiplied by 100.
The percentages were entered in
the column headed “%”. Finally,
the cumulative percentage values
were entered in the column headed “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 provided 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 information. This result can be classified
as satisfactory, considering the
58% as our index of comprehensibility.
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Index of comprehension
Former patients
29%

Animated Icon 1

General population

40%
47%

Animated Icon 2

79%
57%

Animated Icon 3

61%
72%
68%

Animated Icon 4
41%

Animated Icon 5

93%
53%

Animated Icon 6
Animated Icon 7

47%

75%

56%

51%

Average
Total average

66 %
58%

0%

20%

40%

60%

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 population the index is equal to 66%.
According to this result, we can
conclude that the animated icon 1
(Fig.48) was the less understandable for both the groups; while the
animated icons 3, 4, 6 and 7 (Fig.
50, 51, 53 and 54) were equally
understood by both the respondents 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 interpretation. 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 convey, 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 dramatically 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 animated 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 animated icons need to be introduced
by the medical staff to patients,
as well as to family members and
friends of the patients, before interacting with them. Previous explanations 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-contextualization and lack of information
might have influenced the ability
of these participants to clearly
understand such animated icons.
Therefore, presenting this information in the real context to real
patients who are in a state of consciousness, might give different
and more satisfactory results and
if presented with the remaining
information.
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“I feel relaxed”) [55].

ment with respect to the number
of the participant and the group
to which he/she belonged. Finally,
a T-test was performed to determine whether or not there was a
significant statistical difference
between Group A and Group B
with stress levels.

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 statistical difference between Group
A and Group B before and after
the experience regarding the state
of anxiety.

(Anxiety) Slider device
The Slider device and the dedicated software were borrowed at
the Delft University of Technology. 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 analysis. In addition, I divided this data
into four parts corresponding to
the Waking up, Waiting, Interacting and Separating phases.
In addition, the Waiting phase
was subdivided into 3 subparts:

Experience
To calculate the experience of participants, 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:

Figure 65. Kubios HRV Standard 3.3.1. The figure shows how the RR intervals are visualized on Kubios. In light-blue, the intervals analysed (03:30 min.) which are related
to the six phases of the experience.

Questioning, Searching and Submitting.
For each step, the average of
values within ranges of 5 seconds
was calculated. These values were
later entered in one Excel document with respect to the number
of the participant and the group
to which he/she belonged. Finally,
a T-test was performed to determine whether or not there was a

significant statistical difference
between Group A and Group B
with perceived anxiety.

the Trait Anxiety Scale (T-Anxiety
- 20 items) and the State Anxiety
Scale (S-Anxiety - 20 items).

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 generalized propensity to be anxious
[50]. It consists of two subscales:

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 subjective feelings of apprehension,
tension, nervousness, worry, and

activation/arousal of the autonomic 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 indicates 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 remaining ten items (e.g. “I feel calm” or

- to what extent did you feel acknowledged when the alarm was
going off?
- to what extent did you feel informed about the alarm?
- to what extent did you feel distracted from the medical alarm?
- to what extent did you feel
comforted while the alarm was
going off?
The remaining 2 items were related to the perceived sense of safety
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6.5 | Discussion

There were different aspects that
could have influenced the outcomes of this test.
Sample
Firstly, the sample of users involved 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 experience. 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 detachment of the sensor and the movement 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 Introductory 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 participants was difficult to read the
information provided by Overcome.
For some people, the VR glasses
resulted as uncomfortable especially 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 participants 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 detachment 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 possible to access. VR gave to people
involved in the test, the possibility 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 (fightor-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 reality; instead, patients are forced
to submit to the events, and this
limitation (lack of control) has
emotional and physiological consequences 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 problem 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 sensation 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 representation 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 similar physiological and emotional
reactions to an ICU patient to
medical alarms.
Data on HRv show that no statistical 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 reactions towards a medical alarm;
the sample of people was too
small; participants had different
personalities (some were more
sensitive to the stressor than others / some are anxious person);
participants cognitively regulate

their body reactions.

reassuring” [Group B - P11]

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.

It seems that, despite there are no
significant effects on HRv, Overcome tends to keep people stress
levels stable even when there is a
reason for an increase in anxiety.
As a result, putting in communication nurses with patients by a
distance might benefit the psychological 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.

As a result, it can be concluded
that there is a correlation between
physiological and subjective
measurements, but further investigations are needed to statistically 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 showing 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

In conclusion, the design of
Overcome worked well in terms
of usability, provision of information, 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, recommendations 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 background and the user-interface elements are not in a good contrast
with each other. Low contrast reduced the Detectability, Interpretability and Discriminability of the
presented information, especially
the progress indicator.
To minimize the problem, colours 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 progress indicator (which is one of
the element that needs to be distinguishable), 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 medical 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 P16]
As a result, it seems that the
implementation of the Level of
Instructing, which was designed
for promoting medical alarms
understanding and increase collaboration 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 distract them from the most important 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 information. 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 participants who, also, expected the
arrival of the nurse before the indicator reached the end. Although
initially, it reassured the participants, 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 satisfaction 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’ progress 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 decreases 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 participants the feeling of being monitored (“I felt like there is someone
watching at me […] you know
someone is taking action”), but
the continuous pulsing frequently disrupted such a feeling, thus
leading to misinterpretations and
the belief that there was a problem in the connection with the
nurse (“it gives me the impression 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 connect”).
As a result, the icon should be redesigned. 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 impersonal, 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 informal, 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 implementation 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 professors from Tu Delft about Overcome 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 psychologically 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 Overcome 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 development 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 hospital stay.
I believe that the use of visual design for the provision of feedback
should be employed also in future
versions of Overcome. People can
easily comprehend such information 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. Moreover, 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 possibilities 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 consideration the use of a bigger TV screen
or a dedicated screen to place
closer to the patients’ bed. Indeed,

the elderly and people with limited vision abilities might find difficult to effectively read information
from a 40 inch TV screen placed
at a distance of about three meters
from their eyes. These considerations should be also extended for
people with colour vision deficiency; 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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01_Newsletter : recruiting participants

“Hello, my name is Salvo and I am from Italy. I am a Master’s student in Design for Interaction at TU Delft. For my graduation project I am investigating
on the effects medical alarms have on ICU patients’ psychological well-being.
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 illnesses. 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. I
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

H

e

l

l

o

!

I am Salvo from the Delft University of Technology.
I am conducting a study at the Critical Alarms Lab (TU Delft) in collaboration
with the Department of Intensive Care (Erasmus MC), the IC Connect organization 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. I 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 perform 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 carefully, and if you have questions, please, call or send an email to me or the
supervisory team.
While waiting for your reply, I send you my best greetings.
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