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Abstract

Delirium occurs in upto 80% of the ICU patients and is one of the most common source of morbidity and
mortality in the ICU. Inattention is one of the core features and affects 97%-100% of the delirium patients.
This indicates that attention can be a good parameter for detecting delirium. In literature, it has been found
that the use of visual attention tests have been successful in detecting delirium among the ICU patients.
The VitalSky is a luminous ceiling used for providing light therapy to the ICU patients. Since, the VitalSky is
already available in the ICU and allows to render visual contents, it can be used for detecting delirium in the
ICU patients by performing visual attention tests. In this thesis, visual attention tests are developed for the
VitalSky. Moreover, different interaction devices are explored that can be used by the ICU patients to respond
to the tasks of the attention test and help in automation of the test. The technical feasibility and usability of
the automated setup is also evaluated in this thesis. The validation of the performance of the attention tests
and user preference of the response devices is assessed by conducting a pilot study on 10 healthy volunteers
and collecting their subjective feedback.
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1
Introduction

Being admitted to a hospital is a dreadful experience. Apart from the wounds or illness that a person suffers,
the environment and conditions in the hospital makes it more difficult for the person to relax and recover
at full pace. The factors like continuous noise from the monitoring devices, conversations of the nearby pa-
tients, absence of natural lighting which affects the circadian rhythm of the patients have a negative influence
on the well being of the patients. The conditions gets more intense in an Intensive care unit (ICU) where pa-
tients often suffer from cognitive disorders during or even after their stay in the ICU. A stay in ICU increases
the risk of mortality by two times and a risk of permanent cognitive impairment by nine times [8, 9]. One of
the most common cognitive disorder during the hospitalisation is delirium.

The term delirium refers to a severe neuropsychiatric disorder involving motor abnormalities and is com-
monly observed in acute medical patients, following surgery or trauma [10]. It is a common, serious, and
potentially preventable source of morbidity and mortality for medically ill or aging patients [11]. It occurs
in up to 80% of ventilated patients in the ICU and 60% of older hospitalized patients [12, 13]. It has been
estimated that if the length-of-stay for each acutely confused, elderly hospitalised patient is reduced by just 1
day, it will result in a saving of $1 to $2 billion per year for the Medicare [14]. Therefore, an early detection and
treatment of delirium is vital for improving the patient recovery and experience during and after their stay in
hospital.

The Philips venture VitalMinds works towards delirium management in the ICU and has developed an in-
novative luminous ceiling named the VitalSky. It improves the environment of the ICU by creating a healing
environment for the patients. It simulates natural lighting conditions and creates a calm and comforting
environment. Next to light therapy, the VitalSky also permits to render different visual content. It renders
content that helps the patient with the circadian rhythm by simulating day and night lighting conditions.

Timely diagnosis of delirium can not only reduce the mortality rate associated with delirium but also the
length-of-stay of patients in the hospital. Even though the severity, frequency and consequences of delirium
are known, it is still substantially under-detected in hospitals and clinical settings [15]. It has been found that
nearly 75% of delirium patients go undiagnosed [16]. In a study [15], it was found that the nurses in non-
ICU ward identified delirium in less than one out of three patients. These nurses showed very good negative
discriminatory assessment but a very poor positive discriminatory assessment. So, what could be the reason
that delirium is still substantially under-detected?

There are a number of factors that could be possible for the underdiagnosis of delirium. Firstly, most of the
tests used to detect delirium in clinical settings are subjective i.e they rely on the experience of the tester [17].
So they are suited for use by experts but not for untrained physicians and thus training of the physicians and
nurses becomes an important aspect in these tests. Secondly, some of the tests contains similar question and
thus the patients get used to the test over time and can learn to answer the questions. Another factor although
not a major factor is that the symptoms of delirium and other cognitive disorders like dementia overlap to a
high degree [18] which makes the diagnosis of the delirium difficult.

In previous research, it has been found that there exists many symptoms that can be linked as a cause of the
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delirium. However, inattention, sleep-wake cycle disturbances, disorientation in time, place and identity are
the core symptoms that are frequently observed in the patients. Inattention is one of the core features for
the diagnosis of delirium and is observed in 97%-100% of the delirium patients [19]. Hence, a measure of
inattention in ICU patients can provide a good way of diagnosing delirium.

This research aims to study existing tests of sustained attention used for the diagnosis of delirium and re-
search the ways to implement them on the VitalSky. Since, the VitalSky is a very unique device, the different
methods by which the test can be conducted with the VitalSky needs to be analyzed. The goal of this thesis
is to design and develop an attention test for the VitalSky and benchmark it’s performance with the reference
test which was used for the development of the attention test. In second phase of the study, various devices
will be explored to automate the attention test developed for the VitalSky such that it can be performed with
no or minimal intervention of the nurse or experimenter. In the later phases, a pilot study will be performed
on 10 healthy volunteers to benchmark the performance of the developed tests with the reference test and to
collect the subjective feedback of the participants. In the pilot study the participants will undergo five tests
of sustained attention including the reference test and the performance of the participants in the tests will be
used to benchmark the performance of the developed test with the reference test.

The relevant literature and the tests studied during the research are discussed in Chapter 2. Chapter 3 focuses
on the design approach adapted for development of the visual content for the VitalSky and the different de-
signs of the attention test that were developed during this thesis. Chapter 4 will explores the automated setup
of the test and describes various devices used in the automated setup, how the devices were selected and how
the entire system is integrated. The fifth chapter of the thesis explains the attention tests that will be used in
the pilot study. The objective, protocol and results of the pilot study are explained in Chapter 6. In this chap-
ter, the scores of the participants from different attention tests are compared and their subjective feedback
are used to understand the o views of the participants about the visual content of the test and preference of
the response device. Chapter 7 concludes the research and provides suggestions for the future work.
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Literature Review

In this chapter, we discuss the symptoms of delirium which is followed by how delirium is diagnosed in the
ICU and the problems with those methods. Then, we look for methods which have been useful to detect
delirium and can help to overcome the problems associated with the methods used to diagnose delirium in
the ICU. Lastly, critical analysis and comparison of the performance of the discussed tests are performed to
figure out which test was better than the rest in diagnosing delirium in the ICU.

2.1. Symptoms of delirium

There are a wide range of symptoms that are associated with delirium. These symptoms include cognitive
disturbances such as attentional deficits as well as non-cognitive neuropsychiatric symptoms like disturbed
sleep-wake cycle, increased or reduced motor behaviors, disorganized thinking and others. Attention is one
of the core diagnostic features of delirium and is impaired to an extent that the delirious patients struggle to
mobilize and maintain sustained attention. It is prevalent in 97%-100% of the delirium cases [20].

Since attention is such an important aspect for diagnosing delirium, it indicates that inattention can be used
to detect delirium. There are many tests which detect delirium by assessing the sustained attention ability of
the patients. Hence, it is important to understand how the existing tests of delirium detection are performed
on the patients. So, let us explore how is delirium detected in hospitals, what are the problems associated
with it and why is there a need for new or innovative methods for detection of delirium.

2.2. Delirium detection in practice

There is no consensus about which is the best test for delirium detection in clinical settings[21]. However,
CAM-ICU and ICDSC are the two most commonly used methods to detect delirium in the ICU [22]. In this
section, we will discuss about these two tests and the problems associated with these tests.

2.2.1. Confusion Assessment Method-Intensive Care unit (CAM-ICU)

CAM-ICU is a brief, accurate and reliable tool to detect delirium in the ICU patients [23]. It is a quick test for
delirium diagnosis and is based on the DSM-III diagnostic criteria. It can be used for nonverbal mechanically
ventilated patients. It can be completed in 2-3 minutes and can be incorporated into daily routines of nurses
and patients. It has the following four features:

1. An acute onset of mental status or a fluctuating course.

2. Inattention

3. Disorganized thinking
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4. An altered level of consciousness.

The patient is said to be delirious if he or she has feature 1 and feature 2 and either of feature 3 or 4. The
initial validation study displayed great promise to detect delirium using the CAM-ICU [23]. However, other
studies addressed that it has moderate sensitivity due to which milder cases of delirium could be missed and
it was also shown that the available CAM-ICU training program[24] is essential for the accurate judgement of
relevant diagnostic domains[17].

Figure 2.1: Different features of the CAM-ICU are described in the image. If the feature 1 and 2 and either 3 or 4 are present, patient is
assessed as delirious. Image taken from: E, Wesley Ely, MD, MPH and Vanderbilt University. The image is copyrighted and all the rights
are reserved by the owner.

In CAM-ICU, the nurse assesses if the patient has experienced fluctuations in the mental status in the past
24 hours. If the nurse observes fluctuation in the mental status of the patient then they proceed to examine
inattention in the patients. Inattention is assessed by asking the patient to squeeze the nurse’s hand when-
ever they hear a letter ’A’. However, if the patients are unable to complete the letter task, then inattention is
examined using Attention Screening Examination(ASE) or a visual task. The ASE or a visual task is performed
generally in <5% of the cases [25]. If mental state fluctuation and inattention are both present in the patient
then the nurse assesses the altered level of consciousness and disorganized thinking in the patients. If ei-
ther disorganized thinking or altered level of consciousness is present in the patient, the patient is diagnosed
with delirium. This process is illustrated in figure 2.1. Although CAM-ICU has nice sensitivity and specificity,
some studies have shown it to be partly dependent on the experience of the tester [26, 27] and have moderate
sensitivity in routine assessments [28]. Thus, CAM-ICU is good in diagnosing delirium but not very good in
terms of being an objective test for delirium diagnosis.
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2.2.2. Intensive Care Delirium Screening Checklist (ICDSC)

ICDSC [29] is a quick and easy tool for delirium classification but can also be used for delirium diagnosis [30].
It consists of eight features which are assessed by the nurses. Each feature accounts for one point and the
patient can have a score from zero to eight. The assessment is done based on the patient’s behaviour in the
previous 24 hours. In ICDSC, if a patient obtains a score of four or more, the patient is said to be suffering
from delirium. The checklist for the ICDSC is shown in figure 2.2.

Figure 2.2: The ICDSC flowchart describing the features of the ICDSC screening. The eight features listed are assessed by the nurse and
some features requires the nurse to assess the behavior of the patient in the past 24 hours. Image taken from: [1]. All rights of the image
are reserved by the owner.

The initial validation study of the ICDSC obtained a sensitivity of 99% and specificity of 64%. Some of the
features of the ICDSC were such that the nurses could monitor them in their daily routine. Hence, the patients
were indirectly involved in the ICDSC [31, 32]. In addition, the specificity of the ICDSC was also considered
to be low and the sensitivity was not as good as the CAM-ICU [33, 34].

2.2.3. Problems with existing tests

As discussed earlier, delirium is seen in upto 80% of the ICU population [12] and despite the severity of the
delirium it is still under-detected in the ICU [9]. There are a number of factors that could be possible for
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underdiagnosis of delirium. Firstly, most of the tests used to detect delirium in clinical settings are subjective
tests relying on the experience of the tester[17]. So they are suited for use by experts but not for untrained
nurses or physicians. This might be one of the factor which reduce the possibility of early detection of delir-
ium which is a vital element for the prevention of delirium. Secondly, the patients tend to get used to the
questions of the CAM-ICU over time and can learn how to answer the questions of the test. Also, the symp-
toms of delirium and other cognitive disorders like dementia overlap to a high degree [18].

Hence, there is a need for an objective test that can be used by clinicians with no or little experience of diag-
nosing delirium. The test should be sensitive enough to detect mild forms of delirium so that it can help with
the detection of delirium in early stages and at the same time should display high specificity to differentiate
between delirium and other cognitive disorders with overlapping symptoms like dementia.

2.3. Objective tests of attention

Various objective attention tests have been developed for the detection of delirium. The tests vary from being
pen and paper based to smartphone-based tests. They span across the auditory and visual domains while
testing the ability of the patients to sustain their attention on some pre-defined target. There are also tests
which do not rely exclusively on the sustained attention ability of the participants and also require them to
exhibit other abilities like psychomotor abilities, memory retention, speeded response formulation etc. We
will be going through some of the popular tests of attention in this section.

2.3.1. Trail Making Test (TMT)

TMT [35] is a popular neuropsychological test. It assess the selective, divided and sustained attention along
with visual searching abilities of the patient. Apart from the attentional domain it also relies on the psy-
chomotor speed abilities of the patients. There are two types of TMT test: TMT-A and TMT-B. In the TMT-A
test, the participants are presented with a sheet of paper consisting of 25 encircled numbers and the par-
ticipants are required to connect the numbers with a line in an ascending order as shown in figure 2.3. In
TMT-B, there are also alphabet in addition to the numbers and the participants should connect the circles in
ascending order alternating between numbers and letters (e.g 1, A, 2, B, 3 ,C and so on).

Figure 2.3: TMT-A(left) [2] and TMT-B(right) [3] tests. TMT-A consists of only numbers and participants need to connect them in an
ascending order. TMT-B consists of numbers as well as letters and the participants must alternate between letter and number when
connecting the circles in ascending order.

In a study[36] which compared the performance of 20 delirious and nine schizophrenic hospitalized patients
undergoing the TMT-B test, it was found that both groups were severely impaired in the TMT-B. A significant
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correlation was observed between TMT-B scores and Delirium Rating Sacle(DRS) scores(r=0.66)[37]. How-
ever, only nine out of 20 patients were able to attempt the test. Another study [38] evaluated the performance
of TMT-A and TMT-B on 52 stem cell transplantation patients and 10 healthy volunteers. During their hospi-
tal stay 19 patients developed delirium and there was a decrement in the post-operative performance on the
test. However, there was no difference noted in the performance between patients with and without delirium.

2.3.2. Digit Span Test (DST)

The DST requires the patients to listen to a sequence of digits, beginning with two-digit numbers, and repeat
them. The DST has two variants: Digit Span Forwards(DSF) and Digit Span Backwards(DSB). In DSF, the
nurse recites a sequence of numbers to the patients and the patients have to repeat the sequence in the same
order as the nurse [39]. The nurse starts with a two-digit number and on every correct response increases the
next sequence by one digit. For ex. The nurse recites a two-digit number and if the patient responds correctly
then the nurse recites a three-digit number and so on. The participants must be able to repeat at least five-
digit number else the score is considered to be abnormal. The test scores of the patient are assigned based
on the maximum number of digits they could repeat consistently without error.

Figure 2.4: The DSF and DSB versions of the DST. There is increase of a digit after every correct response. A wrong response leads to
second trial of the same digit. A maximum of five digits is used for delirium diagnosis using DSF and three digits for DSB.

In case of DSB, the task is very similar to the DSF except the patients had to repeat the sequence in reverse
of the original order [40]. The nurse starts with a two-digit number and continues upto a maximum of three-
digit numbers. Similar to DSF, the score is assigned based on the sequence of numbers that the patients can
repeat consistently without errors. For DSB, if the patients could not repeat three-digit numbers, the DSB
score is considered abnormal.

O’Keefe et al performed a study[41] on 87 acute geriatric patients, out of which 18 had delirium, 17 had de-
mentia and 52 had neither dementia nor delirium. The patients had to undergo four tests of attentiveness,
two of which were DSB and DSF. The study found that there was no difference in the results of delirious
and demented patients for DSF. However, the difference in the performance of delirious and control and de-
mented and control were significant. Hence, DSF was sensitive to delirium but specificity of DSF for delirium
was really bad. On the other hand, patients with delirium, dementia and neither displayed significantly differ-
ent performances for DSB. DSB was able to differentiate between delirium and dementia and had a sensitivity
of 83% and specificity of 88%.

Pompei et al [39] tested DSF on medical and surgical patients(n = 419, delirium = 56, control = 363) and ob-
served a sensitivity of 34% while a specificity of 90% for the test. In the DSF, a performance improvement over
time was observed in the patients [40, 42] . In a study conducted by Brown et al [43], 37 patients undergoing
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cardiac surgery were tested on the DSB. Out of 37 patients, 9 patients developed delirium during the hospital
stay. The patients took the DSB test before and after the surgery. There was a decrement in the pre-operative
to post-operative performance of the patients who developed delirium.

2.3.3. Spatial Span Test (SST)

The SST [44] is similar to the DST but includes visual stimuli rather than auditory stimuli. The SST assess the
spatial attention span of the patient and visuospatial memory abilities. The SST has two variations namely:
Spatial Span Forward(SSF) and Spatial Span Backward(SSB). The test consists of a sequence of blocks ar-
ranged in a grid or any other pattern. The nurse or the examiner taps the blocks in a certain sequence. The
participant must tap the blocks in the same sequence for the SSF and in the reverse sequence for the SSB.
The participant is scored based on the maximum length of sequence the participant consistently reproduces
without error.

In a study[21], 265 general hospital adult patients were asked to do the spatial span forward test. Out of
the 265 patients 48 were delirious and remaining patients belonged to the control group. With a cut-off of
5 correct box tappings, spatial span forward obtained a sensitivity of 92% and specificity of 69%. The test
missed a quarter of delirium cases if the cut-off level was set to 4 blocks. In a study by Meagher et al [45]
involving 140 palliative care patients(40 delirium, 40 delirium + dementia, 20 dementia and 40 control), SSF
was able to distinguish control group from delirium, dementia and delirium superimposed dementia groups.
SSF was also found to have significant correlation with DRS-R-98 [46, 47]. However, Rajlakshmi et al [48] did
not find a correlation between SSF and DRS-R-98 in their study.

Figure 2.5: A computerized version of the SST. The squares light up in a random pattern and the participant must reproduce the same
pattern for SSF and reverse pattern for SSB. The participant can register his or her response by using a mouse. [4]

2.3.4. Vigilance Test

Vigilance test [49] helps to assess an individual’s attention abilities by requiring them to detect one or more
pre-specified target among a range of other stimuli. It assess the sustained and divided attentional ability
of the patients. There exists many variations of the vigilance test and depending on the variation it may or
may not involve psychomotor abilities of the patients. Most common variation is the "Vigilance A" test in
which ’A’ is the pre-specified target and the patient need to perform an action whenever an ’A’ appears and
do nothing for the other stimuli. Vigilance test can be performed with an audio or video stimuli, in each of the
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case the task remains the same i.e the patients need to identify the target stimuli and perform some action
like tapping a pen, squeezing nurse’s hand, pressing a button, etc.

D Adamis et al[50], conducted the vigilance A test on acute medical patients aged 70 years and older. There
were 200 participants, out of which 34 had delirium, 95 had dementia and 71 had neither dementia nor delir-
ium. A list of 29 letters was presented to the patients and ’A’ occured for 11 times in the list. The patients
had to indicate each time they saw letter ’A’. If the patient indicated any letter other than ’A’ or if the patient
failed to indicate letter ’A’, it was considered an error. If the patient completed the test with two or less errors
they got a score of 1 otherwise they were assigned a score of 0. Vigilance test displayed a sensitivity of 82%
and specificity of 60%. It was found out that the vigilance test had a high negative predicted value and a low
positive predicted value.

In another study[41], vigilance A test was used and consisted of a list of 60 letters, 18 of which among them
were letter ’A’. This test was performed on the acute geriatric patients. The patients were asked to tap on the
table with a pen on hearing the letter ’A’. The list of letters were read out to the patient at the speed of 1 letter
per second. The criteria for an error was the same as in previously mentioned study. In this study, Vigilance
test obtained an overall sensitivity and specificity of 83% when considering all the patients. However, the
specificity dropped to 35% when considering only the patients with cognitive impairment.

However, Hart et al 1996 [51] performed vigilance ’A’ test and SST on 22 delirious ICU patients, 26 dementia,
30 depression and 25 schizophrenic psychiatry referred patients. But, no correlation was found between
the performance of patients in vigilance ’A’ test and their DRS-R98 score. Similar results were obtained by
Rajalakshmi et al [48] when testing the vigilance ’A’ test on 84 psychiatry referred delirium patients.

2.3.5. Clock Drawing Test (CDT)

The CDT is a test used to measure cognitive impairments and assess the visuo-constructive abilities of the
patients [52]. In the CDT, the participants are required to draw a clock and put the hands of the clock at the
mentioned time (see figure 2.6. For example, if the participant is asked to draw fifteen past 9, they need to
draw the position of the hands as they would be at fifteen past 9. 1 point is awarded for drawing the clock, 1
for numbers and 1 for hands. So, in total the participant can have a maximum of three points.

Figure 2.6: Different stages of the clock drawing test. (A) Drawing the boundary (B) Putting the numbers (C) Drawing the hands for
eleven past ten. Each step accounted for 1 point

In a study[53] conducted to evaluate the usefulness of the CDT for the detection of delirium a total of 200
acute medical patients took part out of which 46 patients were diagnosed with delirium. The patients being
delirious or not was determined using CAM. The results of the study indicated that the performance of the
patients in the CDT was not an indication of the presence or absence of delirium. The performance of CDT
was mainly a prediction of the general cognitive ability and not a diagnosis for delirium. The CDT could
provide a simple and time-efficient solution but at its current state there is no substantial proof to support
that CDT can be used as a diagnostic tool for delirium.

Bryson et al[54] also concluded that CDT was not a good test for screening delirium. However, in a study [55]
testing 90 urological surgery patients with CDT. The patients had to take CDT before and after the surgery. A
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significant difference was observed in the pre-operative and post-operative performance of the patients who
developed post-operative delirium.

2.3.6. Serial Sevens Subtraction Test (SSST)

In SSST [56], participants start from 100 and sequentially subtract seven from it. The participant can obtain
a score ranging from zero to a maximum of three. If the participant do not make any correct subtraction they
get a score of zero and a score of one if there is one correct subtraction. The score for two or three correct
submissions is two and a score of three is obtained on performing four or five correct subtractions [50].

D Adamis et al [50] performed a study involving 200 acute medical patients out of which 34 were diagnosed
with delirium using the CAM. The participants were asked to perform four tests one of which was the SSST.
The SSST obtained the sensitivity and specificity of 62% and 75% respectively when cut-off was set to the
score of one. For a cut-off score of three serial sevens displayed a sensitivity of 91% and a specificity of 46%.
Hence, the serial sevens subtraction test was good at detecting delirium but performed poorly in differenti-
ating delirium from other cognitive disorders.

2.3.7. Month Of The Year Backwards (MOTYB)

The MOTYB [57] test is also known as months backwards test. The MOTYB test assess attention, however
other studies have also found it to be assessing concentration [58], working memory, executive function [59],
cognitive flexibility [60] and central proessing speed [61]. As the name suggests, the participants of the test
need to recite the months of the year in reverse order. The participants who could recite the months upto
July without any error are considered to pass the test. However, if the participant could not recite the months
till July, the participant is said to have inattention. The score is either 0 (inattention present) or 1 (attention
intact).

In a study [62], 265 general hospital patients were tested with MOTYB test. In the total of 265 patients, 48 pa-
tients were found to be delirious. MOYTB displayed a high sensitivity and a modest specificity. MOTYB had a
sensitivity of 82% and specificity of 66%. It was also observed that MOTYB had a high negative predicted value
but a low positive predicted value. Another study [63] conducted MOTYB test on 234 acute geriatric ward pa-
tients. Among the 234 patients, 29 were diagnosed with delirium using DSM-IV criteria by a geriatrician. The
MOTYB showed a good sensitivity but the specificity was low in the case of delirium.

2.3.8. Digit Cancellation test (DCT)

This test focused on the sustained attention, visual search and divided attention abilities of a patient in the at-
tentional domain. The test determined the participants ability to search for a pre-defined target among other
stimuli. The participants were given 1 or 2 target letters and they needed to cross out the target letters among
a list of letters. The test is scored based on the number of letters crossed out. If the participant misses a target
letter or crosses out a letter other than the target letter, it was considered as an error. The participants get 1
point for each correct cancellation and a negative score for wrong cancellation or missing the cancellation of
a target letter.

DCT was tested on 87 patients of whom 18 were delirious, 17 had dementia and 52 had neither delirium nor
dementia [41]. For a cut-off score of less than 8, DCT achieved a sensitivity of 78% and a specificity of 76%.
But for a cut-off score of less than 9, DCT had a sensitivity of 94% and specificity of 87%. DCT was sensitive
to delirium and also able to successfully distinguish delirium from dementia.

2.3.9. Edinburgh Delirium Test Box(EDTB)

Edinburgh Delirium Test Box(EDTB)[6] is a custom-made hand-held device for bedside detection of delirium.
It assess the sustained attention abilities of the patients. The test box is made to be portable, robust and also
have large illuminable response buttons as shown in figure 2.8. The test box also has distracting LEDs which
is used to distract patients during the test. The patients must focus on one or both the response buttons and
count the number of illuminated of the button and in some levels ignore the distracting LEDs.
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Figure 2.7: A paper based six-letter DCT. The participants must scan through the list of letters and cancel out all the letters except the
target letters. The one-letter DCT and two-letter DCT are the most common DCT[5].

Figure 2.8: Edinburgh Delirium Test Box, a custom-made hardware device for detecting delirium. It consists of two illuminable buttons
and distracting LEDs in between the two buttons. The patients should count the number of illuminations of the buttons while ignoring
the distracting patterns from the LED(if any) [6]
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The test consists of eight sustained attention tasks of differing complexity. The complexity was altered by
adding distracting patterns by the central LEDs or by asking the participant to focus on two instead of one
response button. The first four tasks requires the patients to count the number of blinks of the response
button and respond it verbally whereas in tasks 5-8 the patients had to press a button each time a response
button is illuminated.

In task 1, the test box is placed in portrait orientation and the patient must count the illumination of the
response button closest to them. Task 2 is similar to task 1 but also consists of distracting stimuli on the
central LEDs. In task 3, the box is kept in landscape orientation and the patient must count the illumination
of both the response buttons. No distraction appears in task 3. In task 4, the task for the patient remained
same but with added distraction from the central LEDs. The tasks 5-8 are exactly similar to tasks 1-4 but the
patient must respond by pressing a button each time a response button illuminates.

The performance of EDTB was analyzed by performing a clinical study with general ward patients[6]. The
study consisted of 20 patients with delirium, 18 with dementia and 20 control group patients. The score
of delirium patients was the lowest in all the eight sustained attention tasks. The scores of patients with
dementia and control group patients was similar except on task 4 where patients with dementia scored less
than control patients.

The study demonstrated that EDTB was capable of detecting delirium and also able to distinguish it with de-
mentia. However, the study had some drawbacks. Firstly, some patients failed to complete all of the eight tests
as the the total test took around 35-40 minutes to administer. Secondly, it could not determine how EDTB
would perform for varying severities of delirium and dementia(eg. mild delirium versus severe dementia).

2.3.10. EDTB-ICU

The EDTB-ICU [64] was developed to facilitate the EDTB to detect delirium for intubated ICU patients. As a
result, it included non-verbal response methods like pointing, blinking, nodding, sticking tongue out and
squeezing the examiner’s hands. Similar to the EDTB, EDTB-ICU also assesses the sustained attentional
abilites of the patients. The EDTB-ICU consists of two tasks:

1. behavioral assessment task

2. attention task

The behavioral assessment task assesses the participant’s level of arousal and basic orienting response. The
participants need to respond to their name with eye contact and then if track the examiner’s moving finger
for five seconds. The patients who successfully complete the behavioral assessment then proceed to the
attention task otherwise the test is terminated.

The attention task of the EDTB-ICU consists of one practice trial and nine test trials. In each trial the patient
must count the number of illuminations of the target button and ignore the distracting LEDs that might flash
along with the target. For each correct response, the patient gets one point and no points if the response is
wrong. The target lights blinks between three to six times in each trial and the difficulty of the tasks increases
progressively.

A study [64] was performed to test the EDTB-ICU over the ICU patients. The study included 30 ICU patients
out of which 15 had delirium. The maximum score possible for the test was 11 i.e two for behavioral assess-
ment and nine for the attention task(one for each trial). For detection of delirium, the EDTB-ICU score of
five or less was 100% sensitive and 92% specific whereas a score of four or less was 100% sensitive and 93.7%
specific. There was a substantial difference noted between the scores of delirious and non-delirious people.

The results showed that the EDTB-ICU is a promising and objective tool for the detection of delirium with
excellent sensitivity and specificity. It was also much faster than the EDTB and took three to seven minutes
to administer the test and hence, it was easier for the patients with delirium to complete this test.
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2.3.11. DelApp

DelApp [7] is a software application based on the EDTB for detecting delirium by assessing impairment in the
visual sustained attention of the ICU patients. DelApp consists of two tasks:

1. visual acuity task

2. visual sustained attention task

The visual acuity task tests the ability of the patients to distinguish the color and shape of the stimuli. It
consists of six short trials where the participants have to identify a change in color of the stimuli (figure
2.9(a)), identify a change in shape of the stimuli (figure 2.9(b)) and identify the alphabet presented on the
screen(figure 2.10). Only if the participant successfully completes the visual acuity task, they can attempt the
visual sustained attention task.

In the visual sustained attention task, the participants need to count the number of blinks of the circle and ig-
nore distracting triangles which may appear randomly around the circles. The visual sustained attention task
consists of three levels and seven trials of counting task. In level 1 (trial 1-3), the participants are presented
with only blinking circles and no distractor appears. From level 2(trial 4-5) onwards, the distracting triangles
are introduced and the number of triangles might vary between one to four. The number of distractors in-
creases in level 3 and vary between five to eight. The participant gets one point for each trial in which they
responded the number of blinks of the circle correctly otherwise zero points.

Figure 2.9: The visual task in DelApp. The patients should be able to recognize the change in stimuli color (figure 2.9(a)) and change
in stimuli shape (figure 2.9(b)). If the patients are not able to complete these tests they are declared as unfit for the visual sustained
attention task of the test[7].

To assess the performance of DelApp in geriatric delirium patients and to evaluate if DelApp was able to
distinguish between delirium and dementia, a total of 156 patients were recruited from orthopedic and acute
and rehabilitation wards. [7]. Among the total population of 156 patients, 50 had delirium, 52 had dementia
and 54 were control group patients and did not suffer from delirium or dementia. The DelApp scores for the
group with delirium was found to be significantly lower than the patients with dementia and control group
and the patients with dementia scored significantly lower than the control group. Hence, DelApp was not
only able to detect delirium but also distinguished delirium from dementia. It had a sensitivity of 98% when
detecting delirium and a specificity of 93%.
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Figure 2.10: Alphabet change recognition task in DelApp Visual task where the patients need to recognize the alphabet shown by the
nurse. This part of the task was discontinued later because the nurse already used to assess the same in behavioural assessment[7].

Figure 2.11: Three levels of the visual sustained attention task of the DelApp. Level 1(left) involves just the target stimulus. The distractors
are introduced from level 2(center) and the number of distractors increases in level 3(right). In all the levels, the patients must count the
number of blinks of the circle and tell it to the nurse[7].

2.3.12. DelApp-ICU

DelApp-ICU[65] is similar to DelApp and was developed such that it can be used with ICU patients. It assess
the sustained attention abilities of the participant and includes behavioral assessment and also incorporates
non-verbal response methods. The test consists of three tasks namely:

1. behavioral assessment

2. visual task and

3. visual sustained attention task

The participant could proceed to the next task only if they completed the previous task successfully(figure
2.12 ). The behavioral assessment in DelApp-ICU is similar to EDTB-ICU with only difference being that
behavioral assessment in DelApp-ICU is a 3 point scale rather than a 2-point scale. The visual task of DelApp-
ICU is similar to the visual task of DelApp and do not account for any points in the final score.

The visual sustained attention task in DelApp-ICU (figure 2.11) was similar to DelApp and the participants
need to count the blinks of the circle while ignoring the distracting triangles. The patients committed more
mistakes in level 3 of the visual sustained attention task compared to level 2. This indicated a performance
difference between the levels. However, this performance difference did not reach significance as a result two
extra trials were added in the visual sustained attention task of the DelApp-ICU to make the performance
difference substantial [7]. So, DelApp-ICU consisted of nine trials instead of seven. In the DelApp-ICU, a
patient can score a minimum of zero point and a maximum of 12 points. The behavioral assessment accounts
for three points and the visual sustained attention task has a maximum of nine points. At the end of each trial,
the patient is asked to tell the number of times the circle blinked, if the patient tells the right count he or she
gets one point otherwise zero points .So, the patient can get one point for each trial totalling to a maximum
of nine points in the visual sustained attention task.
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Figure 2.12: Flowchart of the DelApp-ICU test. The participants can only proceed to a next task upon successfully completing the
previous task.

Tang et al conducted a study [65] which involved 47 ICU patients involving 20 delirious and 26 non-delirious
patients undergoing DelApp-ICU assessment. The DelApp-ICU took approximately three to eight minutes to
complete. The study found that patients with delirium scored significantly lower than the patients without
delirium. A DelApp-ICU score of six or less was 100% sensitive and 96% specific for delirium whereas a score
of five or less had a sensitivity of 95% but had a specificity of 100%. The positive and negative predicted values
for the DelApp-ICU were 91% and 100% respectively.

2.4. Comparison of attention tests

There are a vast range of attention tests that have been discussed in the previous section. The tests vary from
being paper-pen based to using smartphones. Some of the tests rely only on the core attentional abilities of
the patients whereas other tests also required rapid perceptual processing of information, speeded response
formation or execution of motor responses. Although the nature of the tests vary largely from one another, a
thorough comparison between the different tests is essential to come up with the test that displayed the best
promise to be used as a diagnostic test for delirium. The performance and other details about the various
attention tests is summarized in the Table 2.1. CDT and TMT are not mentioned in Table 2.1, because the
studies did not calculate the sensitivity and specificity for the tests and only observed a change in the pre-
operative to post-operative performance on the test.

Table 2.1: Summary of the performance and the type of population for the different tests.

Test Sensitivity Specificity Validation Patients
Number of Patients

Delirium Dementia None
Vigilance ’A’ 72% 71%* DSM-III Acute geriatric 18 17 52
SSST 77% 61% CAM, DRS-R98 Geriatric 34 - 166
DSB 83% 88% DSM-III Acute geriatric 34 - 166
MOTYB 83% 91% CAM, DRS-R98 General hospital 48 - 217
SSF 92% 69%** CAM, DRS-R98 General hospital 48 - 217
DCT 94% 87%*** DSM-III Acute geriatric 18 17 52
DelApp 98% 93% CAM-ICU Geriatric 50 52 54
EDTB-ICU 100% 92% CAM-ICU ICU patients 30 - 30
DelApp-ICU 100% 96% CAM-ICU ICU patients 20 - 26

Among all the tests discussed the tests DCT, EDTB, EDTB-ICU, DelApp and DelApp-ICU displayed really high
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sensitivity for delirium. The sensitivity of the tests was important because having false positive were more
preferred in case of delirium rather than having false negatives. Another factor was the ability of the test to
be performed using the visual stimuli as the test was to be used as a reference test for the development of an
attention test for the VitalSky.

The DCT was a quick and paper-based test showing a good sensitivity and specificity. But, it also relied on
the ability of the patient to read and cross out the target letters and hence included a dependency on motor
responses. Although EDTB and EDTB-ICU displayed excellent performance as a delirium diagnostic test, the
use custom-built hardware reduces the scope for the application device. The hardware needs to be carried to
each and every patient or made available in all the facilities. Moreover, the authors of EDTB and EDTB-ICU
also reported that the nurses had a concern with the infection control of the device. Hence, EDTB and EDTB-
ICU showed a great potential as a diagnostic tool for delirium but a solution implemented on universally
available device like smartphones would be more readily acceptable by clinicians and in research.

The DelApp and DelApp-ICU are the successors of EDTB and EDTB-ICU developed by the same group and
very identical to each other. They are developed taking into account the learnings from the EDTB and EDTB-
ICU respectively. However, DelApp-ICU incorporated non-verbal responses as well which meant the test
could also be used for the intubated ICU patients which was lacking in the case of DelApp. Also, in DelApp
the performance difference of the patients in the levels of DelApp did not reach significance which was im-
proved in DelApp-ICU. This is also evident by the performance of DelApp and DelApp-ICU as the sensitivity
of DelApp increased from 98% to 100% in DelApp-ICU and specificity from 93% to 96%. So, the DelApp-ICU

1. only focuses on the sustained attention abilities of the patients.

2. makes use of visual stimuli.

3. can be used with the ICU patients.

4. achieved the best sensitivity and specificity.

5. is a quick and short assessment which increases the probability of patients finishing the complete test.

Considering all the above mentioned points, DelApp-ICU seems to be a good reference test to design and
develop an attention test for the VitalSky.

2.5. Research Goal

The research goal of this thesis is to

To design and develop an attention test for the VitalSky and benchmark the performance of the
test with the reference test DelApp-ICU.

Apart from the primary goal, there are a number of secondary goals that we will be aiming to achieve in this
study.

1. To develop an automated version of the attention test which can be used without or with minimal nurse
intervention.

2. To gain insights on subjective experience of the participants about the used visual content in the dif-
ferent attention tests.

3. To understand the user experience and preference of the different set-ups for automatic execution of
the attention test.

4. To assess the usability of the various automated setups.

5. To assess the technical feasibility of the various automated setups.
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Exploration of the Visual Content

In this chapter, we examine the DelApp-ICU more closely and look into the details of the test and use it as
a reference for designing the attention test for the VitalSky. We start by exploring the structure and design
parameters of the DelApp-ICU. Later, in the chapter we go through the process of visual content design for
the VitalSky. The chapter ends with explanation of different types of targets, distractors and visual designs
used for the test.

3.1. DelApp-ICU

The DelApp-ICU performed well in diagnosing delirium and provided the best sensitivity and specificity
while also being a quick and objective tool for detecting delirium. Here, we explore the design features of
the visual content of the DelApp-ICU, the structure and scoring of the test. We will use this information as
reference later to design the test for the VitalSky.

The behavioral assessment and visual task of the DelApp-ICU are used to assess the level of arousal of the
participant and their ability to identify changes in shapes and size of the stimuli respectively. The measure
of these abilities is important for the ICU patients but not so much for the healthy population. Since, the
experiments in this thesis will involve healthy awake volunteers without any visual problems, the behavioral
assessment and the visual tasks are out of scope of this thesis. As a result, we will only be focusing on devel-
oping the visual sustained attention task of the DelApp-ICU.

3.1.1. Setup of the DelApp-ICU

The visual sustained attention task of the DelApp-ICU consists of three levels which are further divided into
trials. Each level consists of three trials which are performed sequentially (see figure 3.1). The visual content
in DelApp-ICU consists of a target and a distractor (depending on the level). The patients are shown a visual
content in each trial and the patients need to count the number of blinks of the circle and report the count
at the end of the trial. For all the trials, the circle blinks between three to six times and is always visible for a
duration of 1000ms. All the trials in all the levels are identical except for the interstimulus duration between
the circle in the trails. The interstimulus duration is 1000ms in trial 1, 2000ms in trial 2 and 3000ms in trial 3.
The number of distractors in the visual content vary with the level. The appearance of distractors is believed
to make the task difficult for the patients. The distractors begin to appear in level 2 where the number of
distractors varies from one to four. In level 3, the number of distractors increases and varies between five
to eight. The distractors are always shown for a duration between 300ms - 700ms. An example image of the
different levels is shown in figure 3.1.

17
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Figure 3.1: Division of the levels of the DelApp-ICU. Each level contains three trails which are performed sequentially. The participants
are presented with one visual content in each trial and go through a total of nine visual contents in the test. Level 1 consists of just the
target, i.e., white circle against a black background. The small downward pointing triangle distractors are introduced in level 2 and level
3.

3.1.2. Visual content of DelApp-ICU

The DelApp-ICU is an application on a Samsung Galaxy S2 smartphone. The smartphone has a screen size of
9.2 cm x 5.9 cm and is held at a distance of approximately 30 cm from the patients. The target is a large white
circle of 5 cm diameter whereas the distractors are small downward pointing white triangles of dimensions
0.3 cm x 0.3 cm x 0.4 cm. The target and distractors are presented against a black background (see figure ??).
The circle is positioned at the center of the screen and always appears at the same position. The distractors
appear around the circle and the number of distractors depends on the level of the test.

3.2. Visual content design for the VitalSky

The approach while designing the content for the VitalSky was to keep the visual content close to the visual
content of the DelApp-ICU. However, the VitalSky being a unique device posed quite some challenges for
designing the visual content:

1. Size and field of view: The DelApp-ICU was performed on a handheld smartphone device. This allowed
the patients to move the device and adjust the it such that the visual content was in their field of view.
However, as the VitalSky is a fixed luminous ceiling it is not possible for the patient to adjust the field of
view. Moreover, the entire smartphone was in the field of view of the participant when the participant
was looking at it. But, the VitalSky being a huge luminous ceiling, the participant will only have a certain
section of the VitalSky in their field of view at a given time. Hence, the section of the VitalSky needs to
be determined which is in the field of view of the patients.

2. Resolution: The VitalSky is a very low resolution device. The maximum possible resolution in the Vi-
talSky is 40 x 100 LEDs, which corresponds to a resolution of 432px x 1080px, i.e., approximately 10
pixels are represented by 1 LED. The resolution of the VitalSky in market varies from 32 x 50 to 32 x 80
LEDs, which is quite low and designing visual content for such low resolution is quite challenging.The
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VitalSky used in this thesis had a resolution of 32 X 70 LEDs or 346px x 756px.

The LEDs of the VitalSky are covered by a diffuser. The diffuser allows the light from the LEDs to spread
uniformly and prevents the glare on the patients eye. However, because of this the visual content loses
its sharpness and details and this gives the visual content a blurry look and feel.

3. Position of the visual content: In the VitalSky, the position of the elements in the visual content is very
important as the patient cannot see the entire device in one sight. If the element is not in the right
position, the patient will need to move his or her head to see the visual element which could result in
discomfort for the ICU patients or making the test difficult.

4. Size of the visual content: Another important factor is the size of the elements of the visual content. If
the position of the content is appropriate, but if it’s size is not correct, the patient might have difficulty
in seeing the content. If the size of the visual element is too big it might be difficult for the patient to
focus on the element. On the other hand, if the content is too small the content might not be visible
at all due to the blurred nature of the visual content on the VitalSky. Moreover, as the VitalSky is a
luminous device, the size of the objects will also affect the luminosity of the environment. Hence, a too
big of visual element may suddenly increase the brightness of the room and could lead to stroboscopic
effect.

These factors make it challenging to design the visual content for the VitalSky while keeping the content close
to the DelApp-ICU. The following sections describes how different aspects of the visual content was devel-
oped and the various design decisions that were made while designing the visual content for the VitalSky.

3.2.1. Scaled version

The idea was to scale the visual content of the DelApp-ICU for the size of the VitalSky. The dimensions of
the VitalSky and the smartphone were compared and the percentage of area occupied by the target and dis-
tractors in the DelApp-ICU was calculated and the same percentage of area was allocated to the target and
distractors for the VitalSky 3.2.

This provided a lot of insights that were necessary to design the visual content for the VitalSky. The insights
are listed below:

1. Target and distractors out of proportion :The circle when scaled to the VitalSky dimensions was too
big and focusing on the circle was difficult. The distractors on the other hand were very small and
difficult to notice because of the big target.

2. Color scheme : The visual content had a black background and the target and distractors were white in
color. This created a large fluctuation in the luminosity because of two reasons:

• The circle being too big was the dominant and only source of light. So, whenever the circle ap-
peared there was a bright light in the room and once the circle disappeared there was no light.

• As the background of the visual content being black, there was no other source of light other than
the target and distractors.

3. Too bright visual content: The white content on the VitalSky was too bright. This may have been
because of the black background and sudden flashing of white visual elements, but also the brightness
levels of the VitalSky were at the maximum. So the brightness of the VitalSky was then brought down to
30% of the maximum brightness of the VitalSky.

These learnings helped to understand that the visual elements of the DelApp-ICU needs to be altered for
using it on the VitalSky. So, different parameters of the visual content was explored individually. These pa-
rameters are discussed in the sections below.



20 3. Exploration of the Visual Content

Figure 3.2: The scaled version tested on the VitalSky. The visual content was proportionally scaled to the size of the VitalSky. The content
was observed to be discomforting when tested on the VitalSky.

3.2.2. Background color

It was clear that the black background might not be the best choice for the VitalSky attention test. If the visual
content consists of black color, the VitalSky renders it by turning off the LEDs corresponding to the black
region in the visual content. This creates a large illuminance difference on the blinking of circle. When the
circle appears, the patients are exposed to bright light from the VitalSky whereas absolutely nothing is emitted
by the VitalSky when the circle disappears. This creates a very discomforting experience for the patients.

As a result, different colors were tried for the background of the visual content. Due to the size of the VitalSky,
the background color of the visual content affected the overall color of the lighting of the room. So, for any
color that was used as the background of the VitalSky, the lighting of the room was influenced by the same
color (see figure 3.3). This was not a good idea because the lighting of the room could influence the mood of
the patients and may have undesired effects on the patient.

However, when using white color as the background the lighting in the room had a natural feeling. Using
white background for the visual content reduced the change in lux or intensity of the light because of the
consistent light from the background. Finally, it also provided nice contrast for almost every other color
when used against a white background as the color for the target.

3.2.3. Shapes of target and distractors

In the DelApp-ICU test, a circle was used as the target stimulus. Different shapes were tried to observe if other
shapes might have a better appearance on the VitalSky. This included shapes like square, rectangle, triangle,
circle, star and hexagon. Due to the content being blurred and diffused when presented on the VitalSky, the
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Figure 3.3: Effect of background color on the room environment. In figure 3.3(a) green was used as the background color and the room
lighting also had the influence of green. Similar effect was seen for yellow and blue in (b) and (c) respectively. But, this was not in the
case when white background was used and the lighting of the room felt natural.

shapes lost the detail and at many occasions were difficult to recognize and distinguish from each other. The
edges of the shapes were diffused and this made the shapes difficult to identify.

The visual elements of the form of squares, hexagon and star were difficult to distinguish from a circle because
the detail of the edges were lost. The rectangular shape was better distinguished but the rectangle needed to
be sufficiently longer in one dimension to differ from a square or circle. Due to uniform circumference and
absence of edges in circle, the diffusion spread uniformly and it made it easier to recognize a circle than other
shapes. Hence, circle was chosen as the target for the visual content of the VitalSky (figure 3.4).

The distractor was kept as triangle because the other shapes when smaller were difficult to recognize and
were confused with the circle. Thus, circle was used as target and triangles were used as distractors. This was
also consistent with the target and distractors used in the DelApp-ICU.

3.2.4. Size of target and distractors

The size of the target and distractors was another important aspect while designing the visual content for the
VitalSky. The size of the circle was varied from 50 px to 250 px and the diameter values tried for the circle were
50 px, 75 px, 100 px, 135 px, 150 px, 170 px, 210 px and 250 px (figure 3.5). After the trials, the circle of diameter
135 px and 150 px was considered to be the best for visibility and focus of the patients. The difference between
the sizes of the 135px and 150px circles was very small. Five individuals were shown the two circles and asked
for their preference and four out of five people chose the 150px circle. So, the circle with diameter of 150px
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Figure 3.4: Appearance of different shapes on the VitalSky. The shapes of square and star were difficult to distinguish from the circle
when the size of the shapes were similar but rectangle and triangles were distinguished from circle better than other shapes. The color
of the shapes also had an effect and the shapes were more difficult to recognize when in yellow.

was selected for designing the visual content.

Figure 3.5: The visibility of the target circle on the VitalSky with different values of the diameter. The circles with diameter 135px and
150px were shortlisted. Later, the 150px circle was chosen for designing the visual content.

A Similar process was employed for the distractors. The distractors were downward pointing triangles ap-
pearing around the target or circle. The size of the distractor was varied until a size was reached which was
considered to be easy to focus on and had good visibility. A feedback was taken from five individuals and all
the people felt the triangles had good visibility and were easy to focus on. The triangles had a height of 39 px
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and base of 60 px.

3.2.5. Positioning of the content and distractors

The positions of the target and distractors was a very important aspect of the design phase. As discussed
earlier, even if the target and distractors are of the right size but not at the right position, the patients might
not be able to properly see the target. So, to determine the appropriate position for the target and distractors
different possible position combinations were tried and tested on the VitalSky.

The positions of the target was tested by developing visual content with the target at different positions on
the VitalSky. The tested combinations of the visual content are illustrated in the figure 3.6.

Figure 3.6: Testing the position of the circle at different places in the VitalSky. In the left figure it can be seen that the content on the curve
is much more blurred than the rest. The circle was placed below the curve on the figure on the right. The circle below the curve is still
blurred but less than the circle at the curve.

The VitalSky has a curve which helps it to extend to the wall in front of the patient. This is a unique feature of
the VitalSky and this provides a better experience for the patient. However, an observation made during the
experimentation was that the content on the curve is blurrier than the content above or below the curve of
the VitalSky. Hence, it was more difficult to recognize or focus on the content if the content was on the curve
of the VitalSky.

The blurrier content on the curve was caused due to the fact that the distance between the LEDs and the
diffuser of the VitalSky was greater on the curve than the distance between LEDs and the diffuser at the other
areas of the VitalSky (figure 3.7). As the distance between the LEDs and the diffuser was greater at the curve,
the light from the LEDs spread to a greater area before reaching the diffuser and were then diffused which
made the content become blurrier when compared to the content from other areas of the VitalSky.

Another learning from this process was that it was very difficult for the patient to focus on any content in the
top 50% area of the VitalSky. It required frequent head movements to see the content which could be really
strenuous if the patient is intubated or not well. Hence, the target and also preferably the distractors must
not be placed on the curve or top half of the VitalSky.

From the figure 3.8, it can be noticed that the best place for the circle was just above or below the curve,
i.e, regions C and E. When the circle was in the region C or E, the circle was the easiest to focus on and was
perfectly in the field of view for the patient. This also reduced the head movement required by the patient
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Figure 3.7: SideView cross-section of the VitalSky depicting that the distance between the LEDs and diffuser is largest at the curve.

Figure 3.8: Segmentation of the VitalSky into different regions based on the field of view of the patient. The region A is very difficult to
look at continuously and requires a lot of head movement. The region B was difficult as well and excessive use of region B for placing
content would be discomforting for the patient. Regions C,D,E were easy to look at and were in the field of view of the patient. But, the
content in region D was blurrier than the content in regions C and E.
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to see the target. However, the position preferred was region C because the content in region C was sharper
compared to the content in region E. Moreover, the curve was not present in all the variants of the VitalSky,
so keeping the content in region C ensured that the content can be used in all the variants of the VitalSky.

To have a distracting effect on the patient, the distractors need to be in the field of view of the patient. As a
result, the distractors cannot be placed in the upper half of the VitalSky as it is outside the field of view of the
patient. The distractors are smaller than the target and putting it on the curve greatly reduces the visibility of
the distractors. Thus, the only possible area of the VitalSky for the distractors was the region C (3.8) Since, the
target is also being displayed in the same area, it was decided to place the distractors around the circle.

3.3. Alternative design exploration for the VitalSky attention test

Other design options were explored deviating from the DelApp-ICU. The different distractors and target that
are used in these designs and how they are used is illustrated in figure 3.9 and figure 3.10. In all the design,
circle was used as the target because of its uniformity and easy identification on the VitalSky when compared
to other shapes. Below we will look into the various designs that were brainstormed in this thesis.

Figure 3.9: Circle being used as the only target in all the tests. The circle varies from being static to blinking or moving around the
VitalSky.

Figure 3.10: Different distractors used and the states in which they appear in the various test designs.

3.3.1. Colored edges

This design explored the use of colored edges as the distractors instead of the triangles. In the level 1 of the
test, only a blinking circle was presented and the task was to count how many times the circle blinked. The
difficulty was increased in level 2 by introducing the distractors. In level 2, a strip of different colors mixed
together was used as a distractor on the two vertical sides of the VitalSky. In level 3, the vertical sides as well
as the area below the curve of the VitalSky was used to display the distractors. The images for the three levels
are shown in figure 3.11.
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Figure 3.11: The images show the different instances of the levels (from left to right) of the colored edges test design. In level 1, the circle
blinks with no distracting patterns. In level 2, colored patches appear as distractors on the edges of the VitalSky. In level 3, the colored
patches also appear below the curve of the VitalSky.

3.3.2. Distracting star

The level 1 of this design is same as the previous design where the number of blinks of the circle needs to
be counted without the distractors. In level 2, a star is introduced as distractor. This star moves around the
VitalSky while the circle keeps blinking. The task was to count the number of blinks of the circle and ignore
the distractor. The only difference in level 3 and level 2 of the test is the number of distractors. The number of
moving stars increases from one to two in level 3. The three levels of the distracting star design are illustrated
in figure 3.12.

Figure 3.12: Three levels of the distracting star design. In level 1 (3.12 (a)), the participants only see the circle and count the number of
blinks. In level 2 (3.13 (b)), a distracting start is introduced and the number of star increases to two (3.13 (c)) in level 3. The task for the
participant remains the same to count the blinks of the circle while ignoring the distracting star.
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3.3.3. Moving target

In level 1 of this design, blinking circles had to be counted and no distractors appeared. In level 2, the target
moves while blinking, so the task was to focus on the moving target and count the number of blinks. No
distractors appeared in level 2. In level 3, while the target is moving and blinking, more shapes randomly
appear and disappear on the VitalSky as distractors. However, still the number of blinks of the moving circle
needed to be counted while ignoring the distractors. The visual content for the three levels are illustrated in
figure 3.13

Figure 3.13: The images show the different instances of the levels (from left to right) of the moving target test design. In level 1, the circle
blinks and the participant must count the number of blinks of the circle. In level 2, the circle starts to move around the VitalSky while
blinking. In level 3, while the circle is moving and blinking, other shapes also appear as distractors. In all the levels, the participants are
expected to count the number of blinks of the circle and ignore the distractors, if present.

3.3.4. Find the circle

In this test, level 1 included circle and other shapes like square, rectangle and triangle. All the shapes except
the circle were used as distractors. The circle and the other shapes were presented in a static images and
the participants must distinguish the circle from other shapes and count the number of circles present in the
image.

In level 2, two circles were placed next to each other and the circles blinked at the same pace. Other shapes(rectangle,
square and triangle) were introduced as distractors. These shapes were statically present and spread out
across the entire VitalSky. The task was to count the number of times each of the two circle blinked. Level 3
was similar to level 2 with the only difference being that the circle may or may not be next to each other.

The blinking circles only appeared above or below the curve of the VitalSky so that it stayed in the field of
view. The three levels of the test are illustrated in the figure 3.14
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Figure 3.14: The images show the different instances of the levels (from left to right) of the test design. In level 1, a static image is
displayed for a duration of 10 seconds and contains a lot of different geometric shapes. In level 2, two circles blink next to each other and
the patients must count the number of blinks. The distracting shapes are static and always present. In level 3, the blinking circles may or
may not be next to each other.

3.3.5. Shortlisting the design for the VitalSky

Considering the limitations for the duration of the study with the volunteers, it was possible to test only one
of the four tests discussed earlier.So, among all of the explored designs only one design was shortlisted to be
tested on the 10 healthy volunteers.

The "colored edge" test design was not selected because the blinking of colors caused high fluctuation in the
lux levels of the VitalSky and produced a discomforting feel. The designs "distracting star" and "moving tar-
get" included movements of the visual content. Since, the static blinking of the target and distractors of the
DelApp-ICU was already taxing for the patients, adding movements to them would make it too complicated
for the patients. Thus, "moving target" and the "distracting star" designs were not considered for testing on
volunteers. The "find the circle" design involved a lot of shapes and colors and was pleasant in appearance.
Moreover, the absence of movement and no extreme fluctuations in the luminosity made the design prefer-
able. Hence, out of all the test designs explored in this section "find the circle" design was selected to be
tested on the healthy volunteers. A more elaborate description of the attention tests selected to be tested on
the volunteers and their setup will be discussed in Chapter 5.
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Exploration of automation of the test

Apart from the design and development of an attention test for the VitalSky, the secondary goal of this study
was to automate this attention test so that it can be performed with minimal or no intervention of the nurse.
In this chapter, we will look into different devices that were considered to be used for the automation of the
attention tests on the VitalSky and their setup and technical challenges that were faced during the implemen-
tation of the entire setup. Lastly, we study the system architecture used to achieve this setup and the flow of
data between the various devices of the setup.

4.1. Requirements for the response device

The VitalSky allows rendering of different visual contents but there did not exists any method for the patients
to interact with the VitalSky. For the attention test to be automated, it was very important that the participants
were able to interact with the VitalSky. This helps the participants to register their responses to the tasks of the
attention test. The response devices for the automation of the attention test were selected keeping in mind
the state of the patients in the ICU. The requirements put in place for the selection of the response devices
were:

1. The response devices should be easy to use for the patients. The response device should be simple and
must not be too complicated like requiring multiple authentications or .

2. The response devices must not be error prone. The devices being error prone will require patients to
respond multiple times or can record incorrect data and both the cases can result in the patients being
irritated.

3. The response devices should be non-invasive. Since, the delirium patients tend to remove and throw
the measuring devices connected to their body, the response devices should be able to capture the
response with minimal contact possible.

4. The devices should not increase the difficulty of the attention test. The method of responding with
the device should not be more difficult than the attention test itself or in no way should increase the
difficulty of the attention test.

4.2. Interaction devices exploration

A wide range of devices were explored to facilitate the interaction between the VitalSky and the patients.
The devices were considered in the verbal, tactile and gestures domain. The verbal domain devices would
be useful if the patient can speak freely and is not intubated whereas considering the scenario where the
patient is intubated the devices in tactile and gestures domain would be more useful. The summary of devices
considered for the pilot study are shown in figure 4.1

29
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1. Verbal domain

(a) Respeaker: Respeaker is a hardware device which is capable of capturing and producing audio
signals. It consists of microphones that can capture the audio signals and it can also produce
audio signals if a speaker is connected to it. This device was chosen because it opens up the
possibility of participants responding verbally to the tasks of the attention test as they do normally
in daily conversations.

2. Tactile domain

(a) Tablet: A tablet is very commonly used in the medical applications these days. It was chosen
as a response device because most of the people are familiar with its usage and it allows for cus-
tomizations that can be done to the device according to the requirement of the application.

(b) Bluetooth Keypad:Bluetooth keypad was a small numeric keypad that providing the normal nu-
meric operations supported by a general calculator. The device was simple, intuitive and small
enough to easily fit in the palm of the participant.

(c) Flic button: Flic button is a small Bluetooth button that provides three option to respond: tap or
click, double tap and hold. This device was chosen keeping in mind the simplicity of the device,
its ease of use and small size.

(d) Squegg: Squegg is a smart squeeze ball that measures the grip strength of the user. It measures
the force that is applied to the device by the user. The Squegg was not programmable and the
software state of the device only allowed force output on the Squegg owned Android application.
Thus, it was not possible to integrate the device with the VitalSky.

3. Gesture domain

(a) Leap Motion: Leap Motion is a hardware device that supports motions of fingers and hands
as input. The device consists of an Infrared (IR) camera that captures the images of hands and
provides inbuilt APIs to track the movement of the hands. The device was chosen considering
in mind the intubated patients who might not be able to speak and hence can respond using
gestures.

(b) Camera: A camera was considered during the initial exploration but was found to be redundant
with the Leap Motion as the same tasks of recognizing gestures could easily be performed with
the Leap Motion. Hence, camera was not considered further for the response devices selection.

(c) Myo Band: Myo Band uses Electromayogram (EMG) signals to measure electrical impulses from
the muscles and could have been used to detect gestures from the patients but the device is not
being manufactured anymore.

(d) Kine Kiso: Kine measuring devices are small electrodes that measure EMG signals from the body.
It provided a wireless method for measuring the muscle movements of the participants but the
electrodes must be attached to the body parts of the patient. Since, the study were exploring non-
invasive methods of collecting response from the patients, the kine measuring devices were not
considered further.

(e) GeneActive accelerometers: GeneActive accelerometers can be used as a watch or attached to
the body and it tracks the movement of the device along the three axes. The implementation
for the collection of real-time data from the GeneActiv watches could not be completed in the
required time frame and also the device was not considered to be non-invasive, so the devices
were not used in the pilot study with the volunteers.
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Figure 4.1: The list of devices that were considered to be used as a response device in the ICU. The devices were considered keeping in
mind the ease of use of the device and state of the patient in the ICU.

4.3. System setup

4.3.1. Respeaker

With the help of respeaker, the participant could verbally give their response and it is processed using the re-
speaker. Snips platform is an online platform that allows to create customizable speech recognition systems
which can then be deployed locally. Snips platform was used with the respeaker to train the system to recog-
nise and process the voice input from the participant. The snips platform enabled the system to recognize
the specific phrases or words and what action to be performed when they are detected.

Figure 4.2: The respeaker and Raspberry Pi setup. The setup was enclosed in a 3D designed box to prevent contact with the components
and mishandling and damage of the components.

To respond using the respeaker, the participant had to first speak a keyword called "Hey Snips", which acti-
vates the respeaker, and then the participants can say their response. The voice sample is processed by the
respeaker and at the end a numeric response is obtained. This response like all the previous responses is sent
to the node server and then saved into a response log by the Raspberry Pi.
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Figure 4.3: The algorithm and working of the respeaker. The respeaker employs snips platform to process the audio samples and convert
them into a text response which was then used as the participant’s response. The audio samples were not saved, only the text responses
were saved.

4.3.2. Tablet

A Samsung Galaxy Tab S4 tablet was used to present four options to the participant and the participant can
choose the correct response by tapping on the response shown in tablet. The response screen is shown in
figure 4.4.
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Figure 4.4: The response screen used for the Tablet. The participant can respond by simply tapping on the response he/she thinks is the
correct response.

The four response choices are put together on a webpage which was developed using React.js and the web-
page was hosted on a laptop over the local network. When the user tapped on any of the option of the web-
page, the webpage displayed a pop-up to confirm the response. The response was then recorded and sent to
the node server. This response was then read by the Raspberry Pi and stored into the response log.

Figure 4.5: The flowchart explaining the working algorithm of Tablet and Bluetooth keypad.

4.3.3. Bluetooth Keypad

In this method, a Bluetooth based numeric keypad was taken and modified to present only four buttons to
the participant and rest of the buttons were hidden using a 3D printed case (figure 4.6). Also some of the
buttons were altered so that the response options can be presented to the participants in the center of the
keypad. The participant can press one of the options which they consider to be the right response.

The Bluetooth keypad was controlled using a Python script which read the key pressed by the participant
and forwarded the key press to the node server. The participants got an audio feedback indicating that their
response is recorded and stating their response.
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Figure 4.6: The original Bluetooth keypad (left) and the modified version of the Bluetooth keypad (right) used in the study. The keypad
was modified such that it only allows relevant operation and options for the participant and all the other keys were hidden.

4.3.4. Flic buttons

Flic buttons are connected to the Raspberry Pi using Bluetooth and allowed the participants to tap it to reg-
ister their response. The participant responded by pressing the flic button as many times as their response.
For example, if the participant’s response was five, he or she presses the flic button five times. After pressing
the flic button, the response was shown as a visual feedback on the VitalSky. This visual feedback represented
the number of times the participant pressed the flic button with the same number of circles. An illustration
of this is shown in figure 4.7.

Figure 4.7: The visual feedback provided to the participants on the VitalSky when they pressed the flic button. The number of circles on
the screen are a representation of the number of times the participant pressed the flic button.

A Python script was used to program the flic button. Every time the flic button was pressed a timer of 5
seconds was initiated and a count variable was incremented. If the flic button was not pressed again within
the 5 seconds duration, the value of the count variable was considered as the participant’s response. If a
participant pressed the button again within the 5 seconds interval the timer was restarted. The value of 5
seconds was chosen so that the participants had sufficient time to look at the visual feedback and change
their response if required. This response was then sent to the node server from where it was read by the
Raspberry Pi. The algorithm for the flic buttons is shown in figure 4.8.
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Figure 4.8: The flowchart explains the working of the flic buttons and the algorithm used for it.

4.3.5. Leap Motion

The Leap Motion processed the hand gestures of the participant and converted it into a numeric response.
This numeric response was then sent to the node server using a HTTP POST request. The leap motion de-
tected the number of fingers of the participants that are extended and processed that number as the partic-
ipant’s response. For example, for stating three as response, the participant had to keep three fingers above
the Leap Motion. The response method for six was chosen as fist because otherwise the participants would
have to use two hands and it would have been inconvenient. The gestures are shown in figure 4.9

Figure 4.9: The gestures which the participants can use to respond non-verbally using the leap motion.

The participants were asked to make the gesture and hold it above the Leap Motion until they hear a beep
(2-3 seconds), which indicated that their response is recorded. The leap motion continuously records the
response and only produces a beep if the previous three consecutive responses were the same. The algorithm
for the leap motion is shown in figure 4.10.
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Figure 4.10: The flowchart describes the working of the leap motion control script. This algorithm detects and counts the number of the
fingers of the participant and convert that into a numeric response.

4.4. Data collection and data flow

Apart from the devices, the main components of the automated setup were

1. Raspberry Pi:Raspberry Pi was used to control the visual content being played on the VitalSky, inte-
grate different response devices with the VitalSky and to gather and process the data from the response
devices. All the response devices sent the response data to a node server. The data from the server was
gathered by the Raspberry Pi. The Raspberry Pi then saved this response in a file which contained the
responses from all the devices and levels of the test. The Raspberry Pi also controlled the visual con-
tent of the VitalSky in the automated version of the test. The Raspberry Pi was programmed to play the
video in a pre-defined sequence which was based on the participant number and was randomized for
each participant. The Raspberry Pi sent a HTTP POST request to the VitalSky server which instructed
the VitalSky to play the video mentioned in the request.

2. VitalSky server: The VitalSky server provides access to different functions possible with the VitalSky
like controlling the brightness of the VitalSky, uploading videos to the VitalSky, starting and stopping a
particular video. All the visual content used for the attention tests was uploaded to the VitalSky server
and these visual contents were then played by the sending a HTTP POST request to the VitalSky server.

3. Node server: The node server was created to host the data from the different response devices. The
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server had a dedicated URL for each of the device which was used to store and read the response from
the response devices. The scripts of each of the devices published the response from the participant
to this server using a HTTP POST request. These responses were then read by the Raspberry Pi using a
HTTP GET request and saved into a log file.

4. Webpage server: The webpage server was used to host the webpage which was used by the participants
to respond using the tablet. The server was hosted on a laptop. Whenever the participants tapped any
of the response on the webpage, the response was sent to the node server.

Figure 4.11: The figure presents the components of the automated setup and the data flow between them.The response devices are
displayed in dotted circles. All the data from the devices was routed to the node server. The Raspberry Pi then read the data from the
node server and stored it into a local results log file.

Before the test was started, all the videos were uploaded on the VitalSky. Next, the scripts for webpage and
node server were executed and both of these servers were hosted on a laptop. The scripts for the Bluetooth
keypad and leap motion were activated from the laptop whereas the scripts for the flic buttons and the re-
speaker were activated from the Raspberry Pi. The webpage was displayed using the tablet by entering the
webpage URL generated by the webpage server. The responses from all of these devices were sent to the node
server from their respective scripts by using the POST request. The data from the node server was pulled
by the Raspberry Pi and compiled into a single response log file. This file was later analyzed to evaluate the
performance of the participant in the test.
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Methodology

This chapter describes the structure and composition of the attention tests that were developed in this thesis.
The chapter starts with the description of the test followed by the illustrations of the visual contents of the
attention tests developed for the VitalSky. The chapter ends with the explanation of the study setup and
protocol.

5.1. Development of the attention tests for the VitalSky

5.1.1. DelSky

DelSky attention test was similar to the DelApp-ICU but this test was designed with the help of learnings
obtained in Chapter 3. The DelSky made use of colors for the visual elements to reduce the fluctuations in
the luminosity. The structure of DelSky was similar to the DelApp-ICU. It consisted of three levels with three
trials in each level. The levels of the Delsky are illustrated in figure 5.1.

• Level 1: The participants saw a blue blinking circle against a white background and the participant
should count the number of blinks.

• Level 2: The green downward pointing triangles were introduced as distractors and the number of
distractors ranged between 1 and 4.

• Level 3: The number of distractors increased proceeding into level 3 and five to eight distractors were
visible to the participant.

5.1.2. DelSky-Smart

DelSky-Smart is the proof of concept of an automated test that can be used to autonomously perform the
attention test without or with minimal intervention of a nurse. The visual content of the test are exactly
similar to the DelSky test. DelSky-Smart included various devices that were discussed in Chapter 4 for the
patients to interact with the VitalSky and respond using the device. The idea of this test was to understand
the technical feasibility and usability of the automated setup and the user preference for the response device.

In DelSky-Smart, the participants had two levels instead of three and each level had two trials. The levels 1
and 3 of the DelSky were selected to be used in DelSky-Smart. The participants repeated this for each device.
Thus, with five devices and four visual content for each device, the participants saw a total of 20 videos in
DelSky-Smart.

The participants were asked to respond with each of the response device one at a time. The participant had
to count the number of blinks of the circle and then respond by using the provided device.

39
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Figure 5.1: The images show the different instances of the levels (from left to right) of the DelSky. In level 1, the participant see a blue
blinking circle against a white background. In level 2, along with the circle green triangular distractors (one to four in quantity) are
shown to the participant. In level 3, the number of distractors are increased (five to eight). In all the levels the participant must count the
number of blinks of the circle and ignore distractors, if visible.

5.1.3. DelApp for VitalSky (DAViS)

The DAViS is a translation of the DelApp-ICU for the VitalSky with similar design of visual content and color
scheme. The main difference is the display, instead of smartphone the test is performed on the VitalSky. All
the other characteristics like color (black background and white target stimuli and distractors), visual ele-
ments used in the levels, the interstimulus time in the trials and the time that the target stimulus and distrac-
tors are displayed for are similar to the DelApp-ICU (See figure 3.1 in Chapter 3). The visual elements were
scaled according to the VitalSky for better appearance on the VitalSky. The levels of the DAViS are illustrated
in the figure 5.2.

• Level 1: Consisted of just white blinking circle against the black background and the participants must
count the number of blinks of the circle.

• Level 2: The small downward pointing distracting triangles were introduced as distractors in level 2.
The number of distractors vary between one and four. The participants should count the number of
circle blinks while ignoring the distractors.

• Level 3: In level 3, the number of distractors increased and varied between five to eight. The task for
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the participants remained the same.

Figure 5.2: The images show the different instances of the levels (from left to right) of the DAViS test. In level 1, a blinking circle is shown
to the participants and they need to count the number of blinks. In level 2, distractors are introduced in the form of small downward
pointing triangles. The distractors appear around the circle and the participant must ignore the distractors while counting the blinks of
the circle. In level 3, the number of distractors increases.

5.1.4. VitalSky Delirium Test (VSDT)

VSDT was the name given to the "find the circle" attention test design explored in Chapter 3. It is different
from the four other attention tests in terms of the visual content. The VSDT was designed to explore different
possibilities of the visual content with the VitalSky. It consists of static or blinking circles as target stimulus
and static geometric shapes as distractors. The distractors remain static in all the levels.The VSDT consists of
three levels and each level consists of three trials and one visual content is displayed in each trial. The visual
content from each level is depicted in figure 5.3.

• Level 1: The participants see a static image with lots of geometric shapes and they must identify and
count the number of circles in the image. The participants see a total of three static images (one in each
trial) in this level and each image is shown for a duration of 10 seconds.

• Level 2: The participants are presented with two circles blinking next to each other and the participants
should count the number of blinks of both the circles while ignoring the static distractors. The only



42 5. Methodology

difference between the three trials of the level 2 is that the interstimulus time of the circle is 1000ms in
trial 1, 2000ms in trial 2 and 3000ms in trial 3.

• Level 3: Level 3 is similar to level 2 but the circle may or may not be next to each other and the partici-
pants count the number of blinks of each circle.

Figure 5.3: The images show the different instances of the levels (from left to right) of the VSDT. In level 1, a static image is displayed for
a duration of 10 seconds and contains a lot of different geometric shapes. In level 2, two circles blink next to each other and the patients
must count the number of blinks. The distracting shapes are static and always present. In level 3, the blinking circles may or may not be
next to each other.

5.2. Scores for the tests

All the test, except DelSky-Smart, followed 9-point scoring system. The participants were asked to count the
number of blinks of the circle or number of circle (in level 1 of VSDT) in each trial. At the end of each trial,
the participant responds with the number they counted. If the participant’s response is correct, they get one
point otherwise they get zero points. Since all the tests (except DelSky-Smart) had nine trials, the possible
range of scores for each test varied from zero to nine.

The DelSky-Smart test was not scored. This is because the objective of the DelSky-Smart was to assess the
technical feasibility of an automated setup and the user preference for the response device. However, the
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responses of the participant in DelSky-Smart were recorded to evaluate the correctness of the response and
usability of the device.

5.3. Study Setup

There were certain hypothesis that were formulated before conducting the pilot and study and these hypoth-
esis were tested by the results obtained in the study:

1. The performance of the participant will be relatable in DelApp-ICU, DelSky and DAViS.

2. The visual content of the DAViS will be perceived as bright and uneasy by the participants due to large
fluctuations in luminosity.

3. The participants will prefer the verbal response with respeaker method over others as it feels more
natural.

4. The participants will agree with the design choices like size and positioning of the visual content.

5. The color scheme of the DelSky will be preferred by the participants over DAViS.

For the pilot study, 10 healthy volunteers were recruited. All the participants were Philips Research employ-
ees. The inclusion criteria was that the participants should be 18 years or older . The exclusion criteria for
the study included auditory or visual impairments, known history of epilepsy, migraine or any cognitive dis-
orders and unable to read, speak or understand English. All the participants provided a written informed
consent about their participation in the study.

The pilot study was performed in a mock-up ICU room at the Philips Research (see Figure 5.4). The setup of
the study is shown in figure 5.5. The study consisted of five attention tests. The DelApp-ICU was performed
using a smartphone, rest of the tests were performed on the VitalSky. For the DAViS, DelSky and VSDT, the
participant’s response was manually collected by the experimenter entered in a laptop.

Figure 5.4: The VitalSky lab is a mock-up ICU room with the VitalSky attached on the ceiling. The lab was used for all the experiments
performed in this study. The lab is located in the Philips Research facility.
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Figure 5.5: The setup for the pilot study and the positions of the different devices. The devices were positioned in a way that the partici-
pant had to do least effort to respond with the device.

In case of DelApp-ICU, the participants entered their response in a smartphone. After each trial, the partic-
ipant got a popup in the smartphone to enter the response. Upon completion of the test, the smartphone
displayed a message screen indicating the completion of the test. All the responses were stored in the smart-
phone and were retrieved after the experiment.

In DelSky-Smart, a variety of devices were used which allow the participant to respond without the need of
the experimenter (see Chapter 4). The respeaker with Raspberry Pi was attached to the wall on the right of
the bed whereas the tablet and leap motion are placed on a table next to the bed. The tablet is attached to the
table using a tablet holder to adjust the tablet to a comfortable position for the participant. The flic button
and the Bluetooth keypad were held in hand by the participant and were provided only when the participant
needed to use them.

5.4. Protocol

The study started by the experimenter welcoming the participant and briefing the participant about the study
protocol. The experimenter explained about the different tests, the tasks for the tests and gave a demo of how
to respond using different response devices. The participant was then asked to sign an informed consent
form.

The total duration of the study was 1 hour and 15 minutes during which the participant undergoes five sus-
tained attention tests. Each test was approximately 5 minutes long, except DelSky-Smart which lasted ap-
proximately 20 minutes (see figure 5.6). At the end of each test, the participant was asked for a subjective
feedback on the visual content of the test. The subjective feedback was collected by means of a short ques-
tionnaire including questions that range from the color scheme of the test to rating the tests against each
other (feedback questionnaire attached as supplementary material). In DelSky-Smart, the subjective feed-
back was collected after the usage of each response device. At the end, when the participant have completed
all the tests, they were asked to compare and rate the different tests and devices.
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Figure 5.6: The timeline of the pilot study. The participants are initially briefed about the study and asked to complete an informed
consent form. The four attention tests except DelSky-Smart are performed in pseudo-randomised order. A subjective feedback about
each of the test is collected at the end of the test and an overall subjective feedback is collected at the end of the study.

In the subjective feedback about the tests, the participants were asked to rate the the attention tests against
each other based on the distractors used in the test, color scheme of the tests. The participants also rated
individual attention tests based on their difficulty and expressed their opinions about the target, distractors
and the position of the visual elements. Two of the questions in the subjective feedback about the attention
tests were later found to be not useful and were not considered during result analysis. These question were
"How was the pace of the test?" and "How would you rate the attention tests based on the ease of use?".

In the subjective feedback about the devices, the participants rated the devices based on the uesr interaction
and ease of use of the device. The participants expressed their opinions about using the device as a response
device in the ICU. Finally, the participants were asked to rate the devices against each other based on usability
and ease of use.

The DelSky-Smart test was always performed as the last test whereas the DelApp-ICU, DAViS, DelSky and
VSDT were performed in pseudo-randomized order(Table 5.1). This minimized the learning effect among
the participants.

Table 5.1: Order of the attention tests based on the participant number. The tests were pseudo-randomized and were performed in the
same order as described in this table.

Participant Test 1 Test 2 Test 3 Test 4 Test 5
PP1 DelApp-ICU DelSky VSDT DAViS DelSky-Smart
PP2 DelSky DAViS VSDT DelApp-ICU DelSky-Smart
PP3 VSDT DelSky DAViS DelApp-ICU DelSky-Smart
PP4 DelSky DelApp-ICU VSDT DAViS DelSky-Smart
PP5 VSDT DAViS DelSky DelApp-ICU DelSky-Smart
PP6 DAViS DelSky DelApp-ICU VSDT DelSky-Smart
PP7 DelApp-ICU VSDT DAViS DelSky DelSky-Smart
PP8 DAViS DelApp-ICU DelSky VSDT DelSky-Smart
PP9 DelSky VSDT DelApp-ICU DAViS DelSky-Smart
PP10 DelApp-ICU DAViS VSDT DelSky DelSky-Smart

After the participant know the procedure of the study, the participant is asked to lie down in the bed and
the experimenter starts the study. The experimenter once again gives a brief of the test to be conducted to
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the participant and upon their consent starts the test. The experimenter operates the tests using a laptop.
The experimenter enters the participant number in the laptop and a Python script queues the videos for the
mentioned participant. This list is compiled based on the Table 5.2. The list is prepared such that it ensures
that all the participants experience the same cognitive load. The participant had the choice of stopping the
experiment whenever they wanted.

Table 5.2: The number of times circle blinks in each trial based on participant number. Please note that the length of the videos varies
from 122 seconds to 132 seconds due to randomized order.

Participant
Level 1 Level 2 Level 3 Time

(sec)Trial 1 Trial 2 Trial 3 Trial 1 Trial 2 Trial 3 Trial 1 Trial 2 Trial 3
PP 1 3 5 4 5 4 4 6 5 3 123
PP 2 5 3 4 4 5 4 5 6 3 123
PP 3 5 4 3 4 4 5 5 3 6 126
PP 4 4 5 3 5 4 4 6 3 5 123
PP 5 4 3 5 4 5 4 3 6 5 129
PP 6 3 4 5 4 4 5 3 5 6 132
PP 7 3 5 4 4 5 4 6 5 3 124
PP 8 5 3 4 5 4 4 5 6 3 122
PP 9 4 5 3 4 4 5 3 5 6 129
PP 10 4 3 5 4 5 4 6 3 5 126

In DelSky-Smart, the participant responds with each of the response device one by one. The order of the
devices are randomized to eliminate the learning effect in the participants. The experimenter explains the
usage of the device before starting the DelSky-Smart test and then the participant is allowed to have a few
trail responses with the device. Then, the experimenter starts the test and the participant responds using the
provided device. The experimenter does not need to gather response in this test and the response is saved in
a result log file automatically. The experimenter collects the subjective feedback of the participant after the
usage of each device. A timeline of the DelSky-Smart test is shown in figure 5.7.

Figure 5.7: The timeline of the DelSky-Smart test. In this test, the participant responds using five response devices. After using each
device, the participant is asked to fill a subjective feedback about the device and at the end of the test the participant fills in an overall
subjective feedback.

Upon completion of all the tests, the participant is asked some more questions about the overall study like
comparing and rating the tests and devices. This concludes the pilot study and the experimenter discusses
about the experiences of the participant about the study.
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The pilot study consisted of five male and five female volunteers. There were four volunteers which belonged
to the age group of 26-35 years, another four volunteers were between 36-45 years old. There was one volun-
teers each in the 46-55 years and 56-65 years age group.

Figure 6.1: The distribution of age and gender among the volunteers. The participants voluntarily participated in the study and also
provided an informed consent form before participating in the pilot study.

6.1. Attention Tests

6.1.1. Scores of the participants

The scores of the participants were exactly the same in DelApp-ICU, DAViS and DelSky tests. All the partici-
pants completed these three tests without making any errors. However, two out of 10 participants did make
mistakes in the VSDT test which was supposed to be more difficult then the DelSky and DAViS. One of the
participant gave two incorrect responses in VSDT and achieved a score of 7 whereas the other participant
gave one incorrect response and got a score of 8.

In case of DelSky-Smart test, out of all the responses submitted by the participants, mistakes were noticed
only in three instances. In all the three instances the devices and the participants were different. The devices
with which incorrect responses were provided were respeaker, flic button and keypad.

47
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Figure 6.2: The scores of the participants in the different attention tests. The participants got exactly similar scores in DelApp-ICU,
DelSky and DAViS tests.

6.1.2. Subjective feedback by the participants

6.2.2.1. DelApp-ICU

The participants rated the DelApp-ICU to be easy to perform. On a scale of five, where one was difficult and
five was easy, six participants rated DelApp-ICU five and four participants rated it four. When asked about the
sizes of the target and distractors, all the participants felt that the size of the target was appropriate whereas
seven participants stated the size of distractor was right and the remaining three participants said that they
would have preferred a bigger distractor. Six out of 10 participants mentioned that the distractors were visible
to them but did not distract.

Figure 6.3: Compilation of subjective feedback of the participants for the DelApp-ICU test. For the difficulty of the test, a rating of 5
meant easy whereas a rating of 1 meant difficult.

One of the participant raised the concern that high contrast can be stressful to the eyes when exposed for
longer duration. In DelApp-ICU, the participants were not asked if the visual content was in their field of
view because the test was performed on a smartphone and participants had the freedom to move and adjust
the device such that it was in their field of view.
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6.4.2.2. DAViS

The participants rated the difficulty of the DAViS tests very similar to the DelApp-ICU. The participants felt
the tests was easy with 9 of the participants rating DAViS either four or five. All the participants agreed that
the visual content was in their field of view. The size of the target was appropriate for eight of the 10 volun-
teers whereas nine of the 10 volunteers felt that distractors were of the right size. Five participants saw the
distractors but were not distracted by it, one participant was distracted by the distractors whereas for four
participants the distractors were not prominent. When it came to distinguishing the target from the distrac-
tors, nine participants said that they were successful in doing it.

Figure 6.4: Compilation of subjective feedback of the participants for the DAViS test. For the difficulty of the test, a rating of 5 meant easy
whereas a rating of 1 meant difficult.

The blinking circle of the DAViS test was found to be unpleasant by eight participants. The participants stated
that the light emitted by the circle was very bright and in some occasions it induced stroboscopic effect.
Another participant made a remark that because of the high difference of luminosity between the appearing
and disappearing of the circle, it was not required to focus on the circle and instead just noticing the change
of brightness in the room will do the job.

6.4.2.3. DelSky

All participants except one felt that the distractor and target were appropriate in size and they had no diffi-
culty in distinguishing the target and the distractors. The remaining one participant said that the distinction
between the target and distractor was made by looking at the size and color rather than focusing on the
shapes. All the participants said the the visual elements were perfectly in the field of view of the participants.
Eight participants voted that the distractors were visible to them but did not distract, the remaining two par-
ticipants felt that the distractors were not prominent and could be easily ignored.

The participants felt that the visual content was pleasing and did not had the extreme fluctuations in the
brightness. One of the 10 participant felt that the white background of the DelSky test becomes uncomfort-
able to look at after a while and hence it becomes difficult to focus on the visual content.

6.4.2.4. VSDT

VSDT was little different from the other tests and helped in proving some of the decisions taken during the
design phase of the attention tests. The participants had more difficulty in distinguishing between target and
distractors in VSDT test. In Chapter 3, while designing the attention test it was found that some shapes such
as squares, circles and hexagons were difficult to differentiate from each other. Since, VSDT uses a combi-
nation of shapes such as squares, circles, rectangles and triangles, this would have led to greater number of
participants not being able to distinguish target from distractors or vice versa. This also had an impact in the
difficulty of the test where we can see slightly more variation in the ratings compared to DelSky and DAViS.
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Figure 6.5: Compilation of subjective feedback of the participants for the DelSky test. For the difficulty of the test, a rating of 5 meant
easy whereas a rating of 1 meant difficult.

Figure 6.6: Compilation of subjective feedback of the participants for the DelSky test. For the difficulty of the test, a rating of 5 meant
easy whereas a rating of 1 meant difficult.

The participants stated the sizes of the target and the distractors was appropriate with nine and eight partic-
ipants agreeing with the sizes respectively. For eight participants the visual content was in their field of view.
Some participants reported that some of the distractors were outside their field of view which was due to the
fact that the visual content was spread across the entire area of the VitalSky and hence some of the distractors
were then placed outside the field of view of the participants. Three participants believed that the distractors
were not prominent and could be easily ignored whereas seven participants stated that the distractors were
visible but did not distract.

The participants found the visual content of the VitalSky to be very pleasing. However, one of the 10 partici-
pant found the white background to be a bit uncomfortable on looking at it for longer durations.

6.4.2.5. Overall study feedback

Size and position of the visual element in the attention tests

In the subjective feedback of the individual tests, all the participants said that the visual elements (target and
distractors) were in their field of view for DelSky and DAViS whereas eight of 10 participants had the same
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view for the VSDT. This justifies the decisions taken for the positioning of the visual elements during the
design phase of the attention tests. In all the attention tests at least 80% of the participants stated that the
size of target and distractors were appropriate and hence verifies that the sizes selected for the target and
distractors were appropriate.

Color scheme of attention tests

On a scale of 1 (Most preferred) to 4 (Least preferred), the most preferred test by the participants was DelSky
followed by the VSDT (see figure 6.7). The DelApp-ICU was the third preference for the participants where as
DAViS was the least preferred test based on the color scheme of the tests.

Figure 6.7: The ratings given by the participants when they were asked to rate the attention tests against each other based on the color
scheme of the tests. A rating of 1 indicates most preferred test where as a rating of 5 was given to the least preferred test.

Similarity between the attention tests

Based on the distractors of the attention test, there was a lot of similarities observed between the ratings of the
DelApp-ICU, DAViS and DelSky tests (see figure 6.9). The participants were asked to rate between one (most
distracting distractor) and four (least distracting distractor). The ratings for the distractors of DelApp-ICU,
DelSky and DAViS were very similar and in many occasions exactly the same.

Similar results were obtained when we compare the ratings given by the participants for how easy were the
individual tests. For DelApp-ICU all of the participants rated DelApp-ICU four or greater where five indicates
easy and one indicates difficult. On the other hand, DelSky and DAViS both received a rating of four or above
from 9 of the participants. When we look into the average ratings of the individual tests, DelSky was rated 4.2,
DAViS was rated 4.4 and DelApp-ICU 4.6.

In the subjective feedback, the participants were asked to rate the similarity between the DelApp-ICU and
DAViS and DelApp-ICU and DelSky based on the attentional demands of the tests. The participants had to
rate between one and five where one indicates that the tests were not similar whereas five indicates that the
tests were exactly similar. The results are shown in Figure 6.10. The average rating for the DelSky was 3.1
whereas for DAViS it was 3.2. When we look into the distribution of the ratings, 70% of the participants rated
both DelSky and DAViS 3 or above. This indicates that the tests were not exactly similar but there was some
similarity between the tests.

Another important point to mention here is that some of the participants rated the tests based on the color
scheme and sharpness of the visual content of the tests rather than the attentional demands. Hence, this
factor also had influence in the ratings of similarity of the tests. Also, if the number of participants would
have been greater, a more significant difference between the ratings might have been observed.
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Figure 6.8: The ratings given by the participants when they were asked to rate the attention tests against each other based on the distrac-
tors used in the tests. A rating of 1 indicates test with most distracting distractors where as a rating of 4 was given to the test with least
distracting distractors.

Figure 6.9: Compilation of the ratings given by the participants for the difficulty of the individual tests. A rating of 5 indicates the test was
easy whereas 1 indicates that the test was difficult.
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Figure 6.10: The ratings given by the participants when asked for the similarity between the DelApp-ICU and DAViS tests and DelApp-
ICU versus DelSky tests. A rating of 5 meant the two tests were exactly similar whereas a rating of 1 meant the tests were not similar at
all.

6.2. Response Devices

6.2.1. Leap Motion

In terms of user interaction, three participants liked the device and rated the user interaction as excellent
(5 on a scale of 5) whereas one of the participant rated the response as poor (1 on a scale of 5). The user
interaction of Leap Motion was rated on average 3.4 out of 5 (see figure 6.11.

Figure 6.11: The summary of the subjective feedback of the participants for the leap motion device. The leap motion received low rating
from the participants for ease of use and user interaction.
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In terms of ease of use, the participants had varying opinions about the leap motion. Three participants
rated the device 5 on a scale of 5 (which indicates easy) but one of the participant rated the device 1 (which
indicates difficult). Four of the participants rated the ease of use as 4 where as the remaining two participants
rated 2. The average rating of the leap motion for ease of use was 3.6 out of 5 which was also the lowest among
all the devices. Moreover, three of the participants stated that they felt the attention test was more difficult
when they had to respond using the leap motion.

When the participants were asked their opinion about using Leap Motion as a response device for the ICU
patients, three participants did not recommend the use of the device in the ICU on the other hand one of the
participant felt the device can be used in the ICU. The remaining participants did not explicitly state a yes
or no but had doubts over certain features of the leap motion. One of the participant stated that responding
with the Leap Motion was too much effort as the participant recall the gesture for the response and then hold
it over the leap motion. Another participant expressed concern that the patients in the ICU might not have
sufficient control over their hand and it might be difficult for them to hold the gesture for long. The partic-
ipants also stated the device to be slow in detecting the response. Other subjective feedback and remarks
made by the participants are illustrated in figure 6.11.

6.2.2. Respeaker

The respeaker achieved an average rating of 3.4 out of 5 for user interaction. The device was rated 5 by two
participants whereas two participants rated the device 2 out of 5. Out of the remaining six participants, four
participants rated the device 3 and two rated 4 out of 5 (see figure 6.12).

Figure 6.12: Compiled subjective feedback from the participants for respeaker as a response device. Most of the participants felt that
respeaker will do better as a response device without the "Hey Snips" keyword.

On terms of ease of use, three participants rated the device 5 and four participants rated 4. There were three
participants who rated the device 3 or below, with two participants rating device 3 and one participant rating
the device 2. The average rating for the Leap motion for ease of use was 3.9 out of 5.

Most of the participants stated that they did not like the usage of keyword. Some of the participants had
problems remembering the keyword whereas some forgot the number of the blinks of the circle while re-
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membering the keyword. As a result, three out of 10 participants mentioned that they felt the attention test
was more difficult using the respeaker.

When the participants were asked if the device is a good option to use in the ICU, three participants recom-
mended the device whereas three participants did not recommend the device. The remaining participants
did not state if the device can be used or not but instead gave suggestions or remarks about the device. The
most common remark by the participants was that the use of the keyword before saying the response made
it difficult for them to respond with the device. Some participants also raised concern about the language
issues that might arise with the usage of the device, as the patient must be able to speak and understand the
language that will be used by the respeaker. Other remarks from the patients are illustrated in figure 6.12.

6.2.3. Flic buttons

The user interaction of the flic button received a lot of remarks. The most common remark was about the use
of circles as the visual feedback for indicating the number of times flic button was pressed. This confused
the participants with the target stimuli and made them think it was part of the attention test and needs to be
counted. Another problem faced by the participants was that it was not clear for them that when they should
respond. This was because audio feedback was not used in the case of flic buttons and only visual feedback
was used. The user interaction of the Flic button was rated 3.8 out of 5.

Nine out of 10 participants rated the ease of use of flic buttons four or above. Five participants rated the
device 5, four participants rated the device 4 and one participant rated it as two. The average rating for the
flic button for ease of use was 4.3 out of 5 (figure 6.13).

Figure 6.13: Participants feedback about using flic buttons as a response device for ICU patients. The participants liked the simplicity
provided by the flic buttons but the visual feedback provided on the VitalSky caused confusion.

Four participants believed that the flic button can be used as the response device for the ICU patients as it is
easy to use and low burden device for the patients. Among the remaining participants, two participants did
not recommend the use of flic buttons in the ICU whereas rest did not stated an explicit opinion. The negative
remarks involved that the patients will need to do too much counting when responding with flic button as
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they first need to count the circles and then they need to count again to press the flic button right number of
times. Another feedback was that it will be difficult to automate the test with flic button because someone
will need to manually handover the button to the patient.

6.2.4. Tablet

The participants liked the user interaction of the tablet and the ease of use it offered. The user interaction for
responding with tablet was rated 4.3 out of 5 whereas ease of use was rated 4.4 out of 5 by the participants.
The participants felt that the user interaction was good except for the fact that they have to confirm their
choice by pressing "Ok". This extra confirmation step was not necessary in the participants view. Apart from
the confirmation step, two of the participants had trouble with tablet not detecting their touch input properly.
The participants mentioned that they faced this issue with other touch screens as well and could be caused
due to the dryness of the skin and hence it should be taken care while using the device in the ICU. Due to this
the participants had to press the tablet multiple times and one of the participant among them felt that the
test was more difficult by using the tablet as the response device.

For ease of use, participants were happy to respond with the tablet as they have to just tap on the tablet screen
and since the tablet was mounted on a holder they didn’t had to hold it. However, one participant made the
remark that to respond with the tablet, the patient will need to change their focus from one screen to another,
i.e, from VitalSky to tablet. This could be straining for the patient. Another participant felt the device was
clumsy and cumbersome to be included in the ICU.

Five of the 10 participants felt that tablet as a response device can be used in the ICU and believed the tablet
to be fast, intuitive and less error-prone. One of the participant did not recommend usage of the tablet in ICU
as it can be straining for the patient to switch between two screens. Four participants neither recommended
nor declined the usage of the device in the ICU.

Figure 6.14: The subjective feedback from the participants about the tablet is illustrated in this figure. Most of the participants liked the
user interaction and ease of use of the device and felt that the tablet can be used as a response device in the ICU.
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6.2.5. Bluetooth keypad

The user interaction of the device was rated very high with seven of 10 participants rating it a 5 out of 5. One
participant stated that if the device would have been mounted like tablet it would have been better where as
one of the other participant felt that holding the device provided more focus. Only one of the 10 participants
felt that the attention test was more difficult with the keypad stating the reason to be that the there was a need
to use hands and the participant need to look away from the VitalSky and change focus to see the keypad.

The participants felt that the device was easy to use, simple and fast. For ease of use, nine out of 10 partic-
ipants gave the keypad a 5 out of 5 rating whereas one participant rated it 4 out of 5 resulting in an average
rating of 4.9 out of 5. One of the participant stated that the device could also be used as a help device for the
ICU patients where they can tap the button when they needed help.

When the participants were asked if the device is a good option to use in the ICU, the participants were very
positive and seven of 10 participants said the device can be used in the ICU. Three participants were unsure
and said the usage of device will depend on the state of the patient. None of the participants said the device
could not be used in the ICU. One of the participant raised the concern that the keypad might face issues with
infection control.

Figure 6.15: The subjective feedback of the participants for the Bluetooth keypad. The keypad was the most preferred device by the
participants both in terms of ease of use and user interaction.

6.2.6. Comparison of the response devices

Apart from rating the devices individually, the participants were also asked to rate the devices against each
other. The participants had to rate the devices against each other based on the usability and ease of use. The
participants should rate the most preferred device as one and least preferred device as five. If the participants
felt that two or more devices were exactly similar to each other they were allowed to provide the same rating
to these devices.

From the plots in figure 6.17 and figure 6.18, it is clear that keypad was the most preferred device among the
participants followed by tablet. The participants had varied opinions about the flic buttons both in terms of



58 6. Results

Figure 6.16: The boxplot shows the distribution and comparison of the user interaction ratings given by the participants to each response
devices.

Figure 6.17: The distribution of the ease of use ratings when participants were asked to rate the devices against each other.

ease of use and usability. A similar variation is observed in the ratings of the respeaker, where participants
liked the response device in general but were not comfortable with the use of the keyword to respond. The
leap motion was the least preferred device by the participants and was constantly rated low by the partici-
pants.
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Figure 6.18: The distribution of the usability ratings when participants were asked to rate the devices against each other.





7
Discussion and Conclusion

7.1. Discussion

Similarity between the attention test

The main goal of the study was to develop attention test for the VitalSky and benchmark its performance
with the DelApp-ICU. Here, we will compare the performance of the participants in the DelSky and DAViS
attention tests with the DelApp-ICU. The test VSDT and DelSky-Smart are not considered in this compari-
son because VSDT differed from the design of the DelApp-ICU and was designed to explore the possibilities
of the attention test with the VitalSky whereas DelSky-Smart was more focused on understanding the user
preference of the response devices and technical feasibility of an automated attention test.

It was found out that the scores obtained by the participants in the DelApp-ICU, DAViS and DelSky tests
were exactly the same. All the participants completed the test without making any mistakes. In case of the
DelApp-ICU study, six out of 10 participants had completed the DelApp-ICU test without any mistake [65].
The difference could have been due to the audience on which the test was conducted. This was expected
because all the participants were healthy volunteers without any history of cognitive disorders. The tests were
fairly simple for the volunteers and all the volunteers completed DelSky, DAViS and DelApp-ICU tests without
any errors. This was expected because the tests are targeted towards delirium patients and are not expected
to be challenging for normal healthy population and using more challenging tests for normal population like
Sustained Attention to Response Task (SART) [66, 67] would have made the test unfeasible for the delirium
patients. The learning from this step was that the performance of the participants were comparable in the
DelApp-ICU, DAViS and DelSky tests and it was not the case that there were large differences in the scores of
the participants in different tests.

The participants believed that the DAViS and DelSky tests had similarity with the DelApp-ICU test. This can
be said because seven out of 10 participants rated the similarity between the DelApp-ICU and DelSky and the
similarity between DelApp-ICU and DAViS tests 3 or above where 1 was not similar and 5 was exactly similar.

Another factor confirming the similarity of the test was rating the test against each other based on the dis-
tractors. The ratings based on distractors indicate how much the tests distracted the participants. The ratings
given by the participants were very similar by the DelApp-ICU, DAViS and DelSky. Four out of 10 participants
gave DelApp-ICU and DelSky same ratings in terms of distractors whereas for DelApp-ICU and DAViS six out
of 10 participants gave the tests same ratings. In four out of 10 instances, all the three tests got the same rating
from the participants which again highlights the similarity between the three tests.

When looked into how easy the tests were, the DelApp-ICU, DAViS and DelSky tests were again rated similar
to each other. All the participants rated DelApp-ICU either 4 or 5 whereas nine of the participants did the
same for each DelSky and DAViS. This indicates that the participants found the DelSky and DAViS tests to be
slightly difficult than DelApp-ICU, but still found the three tests to be similar to each other.

Thus, taking into account the score of the participants in the attention tests and ratings from the participants
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on difficulty, distractors and similarity of the tests, the DelSky and DAViS display similarity with the DelApp-
ICU test. However, measures can be taken to consider the difficulty of the DelSky and DAViS tests as they were
found to be slightly more difficult than DelApp-ICU by the participants. By the results obtained from the pilot
study, it can be concluded that the DAViS and DelSky tests were feasible when performed as tests of attention
on the VitalSky and the performance of the participants in these tests were relatable with the performance of
the participants in the DelApp-ICU.

Color scheme of the attention tests

The participants liked the high resolution and sharp images in the DelApp-ICU compared to the other atten-
tion tests. But, also one of the participant raised the concern that this high contrast can be straining for the
eyes of the patients for longer durations.

For DAViS, the participants found the visual content to be unpleasant and too intensive. These remarks from
the participants confirms the findings during the initial design phase of the attention tests where the black
and white content on the VitalSky was found to be too bright and intensive and also confirms the hypothesis
stating that the visual content of the DAViS will be interpreted as unpleasant or uneasy by the participants.

Nine out of 10 participants found the color scheme of the DelSky and VSDT to be pleasant and appealing.
This justifies the choice of the white background instead of the black background in case of DAViS. Hence,
the participants favoured the visual content of the DelSky and VSDT much more than the visual content of
the DAViS.

However, one participant found the white background to be a bit uncomfortable and it was same participant
in both DelSky and VSDT who had trouble with the white background. The participant making this remark
belonged to one of the youngest age groups of the study and this effect could have been because of the age
as well because the brightness perceived by the people can also be attributed to their age and the younger
the person, more light is captured by the pupil of the person. However, appropriate measures can be taken to
adapt the brightness of the VitalSky according to the age group of the patients.

Another hypothesis made before the pilot study was that participants will prefer the color scheme used in the
DelSky over the color scheme of DAViS. To verify this hypothesis, the participants were asked to rate the tests
against each other based on the color scheme of the test. The participants had to give a rating between 1 to 4
where 1 indicated most preferred test and 4 indicated least preferred test. The participant had the option of
giving same rating to two tests if they felt they were exactly similar.

The most preferred test was based on color scheme was the DelSky test followed by VSDT. This is understand-
able as both the DelSky and VSDT had similar color scheme. The least preferred color scheme was DAViS and
DelApp-ICU was the third preferred test based on the color scheme. The ratings varied for some of the par-
ticipants but for majority of the participants the preference order was observed to be as stated. This confirms
the hypothesis that people will prefer the color scheme of the DelSky over the color scheme of the DAViS. This
also confirms the hypothesis that the visual content of the DelSky will be more preferred by the participant
than the visual content of the DAViS.

User preference of the response devices

The preference of the users were the same in terms of ease of use, user interaction and usability. The Leap
Motion was the least preferred device among all the devices that were used in the pilot study. Respeaker
was second least preferred device by the participants. This was in contradiction to the hypothesis that was
made before the pilot study. It was believed that responding verbally with respeaker will supposedly be the
easiest way to respond and will be the most preferred response method by the participants but this was not
the case. This could have happened because of the keyword "Hey Snips", which the participants have to say
before saying their response. The participants also stated that they forgot the count of the circle while trying
to remember the keyword.

However, the participants had a more positive experience with the respeaker than leap motion and it is also
evident by seeing that majority of the participants rated the user interaction and ease of use of the device
between three to five (figure 6.12 (Chapter 6)) whereas in leap motion the ratings were spread over the entire
scale.
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Flic button was the third preferred device and there were quite some variations in the preference of the par-
ticipants for the flic button. This variation can be explained by the confusion of the participants with the
visual feedback provided on the VitalSky and hence rating the device low.

The tablet was the second most preferred device and Bluetooth keypad was the most preferred device by the
participants. The participants really liked the ease of use and intuitive user interaction of the device. The
device was found to be simple, fast and very easy to use by the participants. However, one of the participants
raised a concern that infection control check for the Bluetooth keypad can be difficult. However, appropriate
measures can be taken for infection control like covering the top of the keypad with a glass layer which is easy
to clean and disinfect.

As seen above, the participants had a clear preference for the Bluetooth keypad. In terms of user interac-
tion, the participants preferred the touch-based devices over the devices in the other domain like verbal and
gesture. However, as discussed before the preference of the participants with the respeaker (verbal domain)
could have been affected due to the use of keyword in the respeaker before saying the response. But, for the
current scenario there seems to be a preference in the participants for the devices in the tactile domain.

7.2. Conclusion

Delirium is a serious neuropsychiatric problem and greatly increases the risk of mortality and morbidity
among the ICU patients. Inattention is one of the core symptoms of delirium and is seen in most of the
delirium patients. As a result, inattention can be used to detect delirium in the ICU patients. CAM-ICU is
the most popular method to detect delirium in ICU patients. However, the results of the CAM-ICU have been
found to be dependent on the experience of the tester. Moreover, the patients get used to the questions of the
CAM-ICU and can learn how to answer them over the course of time.

The VitalSky is an innovative luminous ceiling used in the ICU to provide light therapy to the ICU patients.
Next to light therapy, the VitalSky can also be used to render visual content. Since, the VitalSky is already
installed and available in ICU, it was be used to implement objectives tests of sustained attention using visual
stimulus.

The primary goal of the study was to develop attention test for the VitalSky and benchmark its performance
with the DelApp-ICU. Apart from the primary goal, this thesis also explored the use of different response
devices through which the test can be automated requiring minimal intervention from the nurse and assessed
the technical feasibility and usability of the automated setup.

The subjective feedback collected from the participants showed similarity between the DelApp-ICU, DAViS,
DelSky. The participants had same scores in all the three tests (DelApp-ICU, DAViS and DelSky) and found
the tests to be of nearly same difficulty. However, there is still some scope of improvement in the tests because
there were varied opinions about the similarity of the tests with the DelApp-ICU. Some people found the tests
to be exactly similar whereas some people found the test to be not similar at all but on average the DelSky
and DAViS tests were rated to have some similarity with the DelApp-ICU.

In terms of response devices, there was a clear preference among the participants for the devices in the tac-
tile domain, i.e, keypad followed by tablet and flic button in terms of user interaction, ease of use and also
usability.

To conclude, the performance of the participants in the DelSky and DAViS tests was found to be comparable
with the performance of the participants in DelApp-ICU. Moreover, the tests were found to have some simi-
larity by the participants. A proof of concept of an automated version of the attention test with the VitalSky
was also proposed in this thesis and various methods to interact with the VitalSky were explored. Moreover,
the automated test was shown to be technically feasible and can be a viable option in the ICU.

7.3. Limitations

1. The study was not tested with delirium patients in a real clinical setting. The results of the pilot study
on healthy volunteers indicate that the performance of the participants was comparable among the
DelApp-ICU, DAViS and DelSky. But, the results could vary for delirium patients in ICU. Thus, the
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DelSky and DAViS tests should be tested with delirium patients in the ICU.

2. The pilot study was limited by the maximum number of volunteers that can be recruited. The max-
imum number of participants that can be recruited for the pilot study was 10. A higher population
would have allowed to have stronger insights about the performance of the participants in the differ-
ent attention tests and the differences between the tests would have been more substantial. A higher
population would have also allowed for a better statistical analysis.

3. Some of the questions of the subjective feedback were later found to be not useful and ignored from
the analysis and some questions did not receive the intended answer. This could have been avoided by
performing a pilot of the subjective feedback questionnaire before the actual pilot study.

7.4. Future Work

1. Since the participants were confused by the visual feedback provided on the VitalSky for the flic buttons,
the visual feedback should be changed to have some other shape or color than the target and distractors
to avoid the confusion.

2. Audio feedback should be incorporated along with the visual feedback because the participants seemed
to be confused in absence of an audio feedback instructing them when to respond.

3. For the test to be completely autonomous, it needs to be investigated that how to determine the mo-
ment to start the attention test and how it can be communicated to the patient that the attention test
is about to start. Similarly, it also needs to be sought how to instruct the patients about the task of the
test and indicate the ending of the test.

4. Implementation of visual task and behavioural assessment of the DelApp-ICU. In this test, the focus
was entirely on the visual sustained attention task of the DelApp-ICU. However, to assess if the patients
are fit for the test along with the visual sustained attention task, the behavioural assessment and visual
task should be implemented in the VitalSky.

5. For the clinical trials, only a few options of the attention tests will be tested on the patients due to time
constraints, the preference should be given to DelSky and DelSky-Smart over DAViS. Additionally, the
options of response devices can be reduced by removing the Leap Motion from the list of response
devices.

6. Sensors can be used to determine the position of the bed of the patient and adapt the position of the
visual content accordingly. This will be helpful to ensure that the visual content still remains in the field
of view of the patients even though the position of the bed is changed.

7. Using a neural network and training it for the application of processing audio responses would provide
greater accuracy and more flexibility. This will allow to train the model to detect different languages, be
more interactive and also tailor according to the healthcare industry standards.

8. Storing the test score of the patients in a database and using data analysis to analyze the fluctuation in
the score and therefore the mental status of the patients. This could help in providing insights like if
the patient experiences delirium at a particular time of the day or week or if the surgery or treatment
that a patient went through induced delirium or increased the severity of delirium.

9. The VitalSky can be used to provide simple exercises for the patients like breathing exercises, simple
mobility tasks or even games. In this way, the patients feel more engaged and connected to their sur-
roundings.
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