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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.

Executive
summary
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1.2 | Previously at the EMC

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 1. Erasmus Mc, Rotterdam.

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 

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.

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 

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

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 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 

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).

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].

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 

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

Human-
centered alarms
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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.

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. 

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 

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].

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].

Anxiety
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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. 

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 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 

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 

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 

Social 
support
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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.

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 un-
derstand what had happened, 

you see people entering and 
leaving your room, there are 

people touching you, and 
annoying alarms that continu-

ously 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 hav-

ing any control over it.

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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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”, “under-
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 […]something you use 
when you have car trouble […]” 
[P01]

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 […] “ 
[P02]

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

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 

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 

[…]” [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]

“[…] being of medical staff 
or being a patient it’s like 

Saturn and Pluto, different 
planets, different worlds 

with no connection at all “ 
[P03]

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 

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 

The patients’
experience
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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 

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 

The nurses’
experience
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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.

3.3 | Conclusions

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?

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-
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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. 

Design
directions

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.
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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 
contact and - with some patients - 
even physical contact (e.g. touch-
ing the shoulder, hold the hand) 
are fundamental ingredients to 
employ in the attempt of calm-
ing a patient down and remove 
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 

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

Figure 29

Figure 31

Figure 32 Figure 33

Figure 30
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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.

4.3 | Design requirements
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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 

5.2 | What is a feedback?

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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5.5 | 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 

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 
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 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.

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

Animated 
Icons 

1. correct 2a. wrong 2b. wrong/opposite 3. don t know 

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).
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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 7 (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 

0% 20% 40% 60% 80% 100%

Index of comprehension
Former patients General population

68%

58%

51%
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72%
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79%
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40%
29%Animated Icon 1

47%
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93%
41%Animated Icon 5

Figure 55. Index of comprehensibility for each animated icon with respect to the two groups, and total average.

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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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: 

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 

“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 

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.
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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.



145 144             

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 - 
P16]

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.



149              

Acknowledgements

I love my job. I love my job 
because I can help people and 
improve the quality of their life. 

Overcome for me is not just a 
product, but represents me as 
a designer and as a person. The 
journey I had in this graduation 
project was a mixture of surprises, 
knowledge, innovation, People, 
hope, love, passion and nights 
spent awake thinking about how, 
as a designer, I can contribute to 
making the life of people in criti-
cally ill conditions more pleasant 
in such complex environment 
where professionals from many 
fields continuously interact not 
only to save people life but also to 
give them and their families hope.
I want to express my gratitude to 
Elif for her time, trust, support, 
motivation and to have given me 
the opportunity to enter, for the 
first time in my life, inside an ICU. 
I want to express my gratitude to 
Joos for his time, support and to 
have continuously motivating me. 
You have both taught me a lot, 
and I am really honoured to have 
worked together with you.

I want to express my gratitude to 
Dr Diederick for his time, the hon-

est point of view on my job and 
to have opened the doors of the 
Department of Intensive Care at 
the Erasmus MC where, for more 
than a year, I have been welcomed 
and I had the chance to do my 
researches.

I want to express my gratitude to 
Mrs Marianne for her kindness 
and to have welcomed me at the 
IC connect organization where I 
met really brave people: Mrs Di-
ana and Mrs Hans. Thank you to 
all of you to have open you heart 
and share with me your incredible 
experience at the ICU.

I want to express my gratitude to 
the ICU nurses at the Erasmus mc 
for your comprehension, time and 
patience. I want to particularly 
thanks Mrs Erna, Mrs Margo and 
Zoran.

I want to express my gratitude to 
Arno for his time, availability and 
support in my experience with 
Virtual reality. I want to thanks 
Jeron for his support and to be a 
really good friend even if we were 
just two strangers.

I want to express my gratitude to 

my flatmates and colleagues, you 
are good friends. You always had 
time for me, to talk about work 
and about life, I want to thank you 
guys for all your support and for 
all the beautiful smiles you shared 
with me.

Last but not least, I want to ex-
press my gratitude to my Parents, 
my Sister and my love, Clara. Your 
love and support have been es-
sential in all this time during this 
amazing experience here in the 
Netherlands at TU Delft, without 
you all of this could not have been 
possible but just a dream.

Reference

1. Byers J.F., Smyth K.A. Appli-
cation of a Model of Stress and 
Coping with Critically Ill Patients. 
Dimension Critical Care Nurs-
ing. Nursing Diagnosis. VOL.16, 
November-December. 1997, 292 
- 300.

2. Johansson L., Bergbom I., 
Lindahl B. Meanings of Being 
Critically Ill in a Sound-Intensive 
ICU Patient Room - A Phenom-
enological Hermeneutical Study. 
The Open Nursing Journal. 2012, 
6, 108-116.

3. Peplau H.E. Peplau’s Theory of 
Interpersonal Relations. Nursing 
Science Quarterly. 1997, 162 - 167.

4. Min Cho, Ok & Kim, Hwasoon 
& Lee, Young Whee & Cho, In-
sook. Clinical Alarms in Intensive 
Care Units: Perceived Obstacles 
of Alarm Management and Alarm 
Fatigue in Nurses. Healthcare 
Informatics Research. 2016. 

5. Topcu S., Alpar S.E., Gulseven 
B., Kebapci A. Patient experience 
in intensive care units: a system-
atic review. Patient Experience 
Journal. 2017. Vol. 4. Issue 3. Art. 
17.

6. Ozcan E., Birdja D., Edworthy 
J.R. A Holistic and Collaborative 
Approach to Audible Alarm De-
sign. Biomedical Instrumentation 
& Technology, November/Decem-

ber, 2018, 422-432.

7. Scott A. Managing anxiety in 
ICU patients: the role of pre-op-
erative information provision. 
British Association of Critical Care 
Nurses, Nursing in Critical Care, 
2004. Vol. 9 No 2.

8. Van Mol M.M.C. et al. Joined 
forces in person-centered care 
in the intensive care unit: a casa 
report from the Netherlands. 
Journal of compassion Health 
Care. 2016.

9. Fleischer S., Berg A., Behrens 
J., Kuss O.,  Becker R., Horbach 
A., Neubert T.R.  Does an addi-
tional structured information 
program during the intensive 
care unit stay reduce anxiety 
in ICU patients?: a multicenter 
randomized  controlled trial. BMC 
Anaesthesiology 2014, 14:48.

10. Blackwood B., Albarran J.W., 
Latour J.M. Research priorities 
of adult intensive care nurses in 
20 European countries: a Delphi 
study. Journal of Advanced Nurs-
ing (JAN). Balckwell Publishing 
Ltd. 2010. 550-560.

11. Frazier S.K., Moser D.K., 
Riegel B., McKinley S., Blakely W., 
Kim K.A., Garvin B.J. Critical Care 
Nurses’ Assessment of Patients’ 
Anxiety: Reliance on Physiolog-
ical and Behavioral Parameters. 

American Journal of critical care. 
Jan. 2002. 11(1): 57-64.

12. Bhutkar G., Deshmukh S. Vital 
Medical Devices in Intensive Care 
Unit. Medical Equipment & Auto-
mation. Mar-Apr 2012. 44-47.

13. Svenningsen H., Langhorn L., 
Agard A.S., Dreyer P. Post-ICU 
symptoms, consequences, and 
follow-up: an integrative review. 
British Association of Critical Care 
Nurses, 2015. Vol. 22, No. 4.

14. Devlin JW. The pharmacology 
of over sedation in mechanically 
ventilated adults. Curr Opin Crit 
Care. 2008;14:403–7. 

15. Christensen M, Dodds A, Sau-
er J, Watts N. Alarm setting for 
the critically ill patient: a descrip-
tive pilot survey of nurses’ per-
ceptions of current practice in an 
Australian Regional Critical Care 
Unit. Intensive Crit Care Nurs 
2014;30(4):204-10.

16. Chambrin M.C. Alarms in 
the intensive care unit: How can 
the number of false alarms be 
reduced? Crit Care 2001; 5:184–
188.

17. Pugh R.J., Jones C., Griffiths 
R.D. The Impact of Noise in the 
Intensive Care Unit. Intensive 
Care and Emergency Medicine, 
2007. 



151 150             

18. Purbaugh T., Alarm Fatigue: 
A roadmap for mitigating the 
Cacophony of beeps. Dimen-
sion Critical Care Nursuing. 
2014;33(1):4-7.

19. Siebig S., Kuhls S., Imhoff M., 
Gather U., Scholmerich J., Wrede 
C.E., Intensive care units alarms: 
how many do we need? Critical 
Care Medicine 2010, Vol.38, No.2, 
451-456.

20. Cvach M., Dang D., Foster J., 
Irechukwu J. Clinical Alarms and 
the Impact on Patients Safety.  
Initiatives in Safe Patient Care. 
Saxe Healthcare Communications. 
2009.

21. Bell L. Monitor alarm fatigue. 
Am J Crit Care 2010; 19(1):38.

22. Bridi A.C., da Silva R.C.L., de 
Farias C.C.P., Franco A.s., dos 
Santos V.deL.Q. Reaction time 
of health care team to monitor-
ing alarms in the intensive care 
unit: implications for the safety of 
seriously ill patients. Res Bras Ter 
Intensiva. 2014; 26 (1): 28-35.

23. Chambrin MC, Ravaux P, 
Calvelo-Aros D, et al: Multicentric 
study of monitoring alarms in the 
adult intensive care unit (ICU): 
A descriptive analysis. Intensive 
Care Med 1999; 25:1360–1366.

24.Balogh D, Kittinger E, Benzer 

A, et al. Noise in the ICU. Inten-
sive Care Med 1993; 19:343–346.

25.Imhoff M., Kuhls S. Alarm 
Algorithms in Critical Care Mon-
itoring. International Anesthesia 
Research Society, 2006;102:1525–
37.

26.Wilson-Barnett J. Patients’ 
emotional reactions to hospital-
ization: an exploratory study. 
Journal of Advanced Nursing. Vol. 
1 (5). 1976.

27. emotiontypology.com/typolo-
gy/list/anxiety.  Delft Instituite of 
Positive Design.

28. Inokuchi R., Sato H., Nanjo 
Y., Echigo M., Tanaka A., Ishii T., 
Matsubara T., Doi K., Gunshin M., 
Hiruma T., Nakamura K., Shino-
hara K., Kitsuta Y., Nakajima S., 
Umezu M., Yahag N. The propor-
tion of clinically relevant alarms 
decreases as patient clinical se-
verity decreases in intensive care 
units: a pilot study. BMJ Open, 
September 2013.

29. Novaes M.A.F.P., Aronovich 
A., Ferraz M.B., Knobel E. Stress-
ors in ICU: patients’ evalua-
tion. Intensive Care Med. 1997. 
23:1282-1285.

30.Wade D., Howell D. What can 
psychologist do in intensive care? 
ICU management & practice. 

VOL.16. Issue: 4. 2016. 242-244.

31. Hatch, R., Young, D., Barber, 
V. et al. Anxiety, Depression and 
Post Traumatic Stress Disorder 
after critical illness: a UK-wide 
prospective cohort study. Crit 
Care 22, 310. 2018. 

32. Blair K.T.A, Eccleston S.D., 
McCarthy M.S. Improving the 
patient experience by implement-
ing an ICU diary for those at risk 
of Post-intensive care syndrome. 
Journal of patient experience. 
2017. Vol. 4(1) 4-9.

33. Peris A., Bonizzoli M., Iozzelli 
D. et al. Early intra-intensive care 
unit psychological intervention 
promotes recovery from post 
traumatic stress disorders, anxiety 
and depression symptoms in 
critically ill patients. Critical Care. 
2011. Vol. 15(1): R41.

34. The Joint Commission. 
Advancing Effective Communica-
tion, Cultural Competence, and 
Patient- and Family-Centered 
Care: A Roadmap for Hospitals. 
Oakbrook Terrace, IL: The Joint 
Commission, 2010.

35. Castillo M.I., Cooke M.L.,  
Macfarlane B., Aitken M.L. In 
ICU state anxiety is not associated 
with posttraumatic stress symp-
toms over six months after ICU 
discharge: A prospective study. 

Australian Critical Care. Vol. 29, 
Issue 3, 2016. 158-164.

36. Lazarus R.S., Folkman S. 
Stress, Appraisal, and Coping. 
New York. Springer Publishing 
Co, 1984. 

37. McLeroy K. R., Gottlieb N. H., 
and Heaney C. A. Health Promo-
tion in the Workplace. Albany, 
New York: Delmar, 2001.

38. Agneessens F., Waege H., 
and Lievens J. Diversity in Social 
Support by Role Relations: A 
Typology. Social Networks, 2006, 
28, 427–441.

39. Blanchard C. G., et al. The 
Role of Social Support in Adap-
tation to Cancer and Survival. 
Journal of Psychosocial Oncology, 
1995, 13, 75–95.

40. Stappers, P. J. Teaching prin-
ciples of qualitative analysis to 
industrial design engineers. In DS 
74: Proceedings of the 14th Inter-
national Conference on Engineer-
ing & Product Design Education 
(E&PDE12) Design Education for 
Future Wellbeing. 2012. 109–114.

41. Corbin, J. M., & Strauss, A. 
Grounded Theory Research: Pro-
cedures, Canons, and Evaluative 
Criteria. Qualitative Sociology, 
1990. 13(1), 3–12.

42. House, J. S. Work Stress and 
Social Support. Reading, Mass.: 
Addison-Wesley, 1981.

43. wikipedia.org

44. Schokkin M. Sound cultures 
of critical care: how design could 
tune sound-related practices of in-
tensive care nurses. Master thesis. 
Delft University of Technology. 
Delft. 2019.

45. Mulhall, A. In the field: Notes 
on observation in qualitative 
research. Journal of Advanced 
Nursing. 2003. 41(3), 306–313.

46. servicedesigntools.org

47. Mazza D. Reducig Cognitive 
Load and Supporting Memory in 
Visual Design for HCI. CHI 2017, 
May 6-11, Denver, CO, USA.

48. Kluger A. N., DeNisi A. The ef-
fects of feedback interventions on 
performance: A historical review, 
a meta-analysis, and a prelimi-
nary feedback intervention theory. 
Psychological Bulletin, 119(2). 
1996. 254–284. 

49.Hermsen S., Frost J., Renes 
R.J., Kerkhof P. Using feedback 
through difital technology to dis-
rupt and change habitual behav-
iour: A critical review of current 
literature. Computers in Human 
Behavior. 2016. Volume 57, 61-74.

50. Mai L. M., Freudenthaler R., 
Schneider F. M., Vorderer P. “I 
know you’ve seen it!” Individ-
ual and social factors for users’ 
chatting behavior on Facebook.  
Computers in Human Behavior, 
49. 2015. 296-302.

51. ISO 9186-1:2014. Graphical 
symbols - Test methods. Methods 
for testing comprehensibility.

53. ISO 9241-112:2017. Principles 
for the presentation of informa-
tion.

54. Tarvainen M. P., Lipponen 
J., Niskanen J-P., Ranta-aho P. 
O. Kubios HRV (ver. 3.3). User’s 
guide. 2019.

55. Spielberg D. Stait-Trait Anxi-
ety Inventory for Adults. Manual, 
Instrument and Scoring Guide. 
Mind Garden. Consulting Psy-
chologists Press, Inc. 1983.

56. Brooke J. SUS: A retrospec-
tive. Journal of Usability Studies. 
8 (2), 29-40. 2013.

57. Bangor A., Kortum P.T., Miller 
J.T. Determining what individu-
al SUS scores mean: Adding an 
adjective rating scale. Journal of 
Usability Studies, 4(3), 114-123. 
2009.

58. Taelman J., Vandeput S., 
Spaepen A., Van Huffel S. Influ-



153 152             

ence of mental stress on heart rate 
and Heart rate variability.  4th 
European Conference of the Inter-
national Federation for Medical 
and Biological Engineering. IF-
MBE Proceedings, Vol. 22.. 2009.

59. Kayikcioglu O., Bilgin S., Sey-
menoglu G., Deveci A. State and 
Trait Anxiety Scores of Patients 
Receiving Intravitreal Injections. 
Biomed Hub. 2(2). 2017.1-5. 

60. Chambrin M.C., Storme 
L., Lemoine D., Usselio A. Les 
alarmes des parametres mon-
itores: principes generaux et 
gestion. Editions scientifiques et 
medicales Elsevier SAS. 2000; 9: 
432/438.

61. Glanz K., Rimer B.K., 
Viswanath K. Health Behaviour 
and Health Education: Theory, 
Education, and Practice. Jos-
sey-Bass. 4th edition. 2008.

62. mayoclinic.org

63. Philips. Experience flows: 
understanding people and their 
experiences to deliver meaningful 
innovations. Philips Design & In-
novation Communications. 2014.



155              

Appendices

Appendix A: Project brief

Appendix B: Recruitment process

Appendix C: Contextmapping tools

Appendix D: Personas

Appendix E: User Interfaces

Appendix F: Experience flow

Appendix G: Questionnaire - Testing comprehensibility

Appendix H: VR video storyboard

Appendix I: VR Flyer for recruitment

Appendix L: Questionnaire - Evaluating the design



163 162             

Appendix  B - Recruitment process



165 164             

01_Newsletter : recruiting participants

“Hello, my name is Salvo and I am from Italy. I am a Master’s student in De-
sign for Interaction at TU Delft. For my graduation project I 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. 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 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. 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 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, I send you my best greetings.
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Appendix  C - Contextmapping tools
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Appendix  F - Experience flow
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Appendix  G - Questionnaire- Testing comprehensibility
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Appendix  H - Virtual reality video storyboard
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Appendix  I - VR flyer for recruitment Appendix  L - Questionnaire  - Evaluating the design
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