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Abstract
BACKGROUND Ambulance Personnel (AP) work in a complex and dynamic
environment and must make clinical decisions in a broad range of clinical cases.
Patient information, as well as time, is often scarce and access to clinical expertise
limited. Increasing demands on providing early clinical care and prepare hospitals
with information on incoming patients, can be assisted with decision support and
a more efficient documentation process. Commercially available devices for medi-
cal documentation and provision of decision support use point-and-click interfaces.
Speech recognition and natural language processing can provide a hands free and
natural way of quickly entering information into computer systems.

OBJECTIVE Leveraging commercially available hardware and software in con-
structing a pilot system to explore the current feasibility of a Voice Interface for
Swedish Ambulance Care (VISAC).

METHODS Hardware and software components were explored and selected. A
“primary survey” application was developed in Android Studio. Speech recognition
capabilities were evaluated at noise levels between 30 and 93 dB(A) and usability
was evaluated with AP at Örebro University Hospital by System Usability Scale
questionnaire and interviewing.

RESULTS VISAC was constructed using the head mounted display HMT-1 (Re-
alWear, Inc., United States) and the Dragon Medical SpeechKit (Nuance Communi-
cations, Inc., United States), with the application of performing an ambulance care
primary survey. A command-based approach using a limited vocabulary was chosen.
Testing at noise levels found inside an ambulance indicated recall of command intent
of between 50 and 75 % , about 85 % in quiet conditions. AP user evaluation high-
lighted deficiencies in rejection of external speech, need for a natural and extensive
vocabulary, as well as need for a method of determining whether speech is directed
towards VISAC.

CONCLUSION A voice-only pilot system for in-field recording of electronic
health record data was constructed. The available clinical vocabulary needs to
be expanded to allow realistic evaluation in primary survey scenarios – preferably
in concordance with a coding such as SNOMED CT. Tests indicate robustness to
noise to at least 65 dB(A). Rejection of external sources of speech and a method of
determining when VISAC is spoken to is needed for feasibility in clinical practice.

Keywords: Natural language interface, Head mounted display, Emergency medical
services, Clinical decision support systems, Voice user interface, Augmented reality,
Swedish ambulance care.
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1
Introduction

The context that prehospital emergency health care professionals work in is charac-
terized by ongoing decision making in a dynamic and complex environment [1, 2].
Flexibility in planning and preparation is necessary [3], as well as a broad medical
knowledge base and alertness to change [2, 4]. Rapid response to the patient, ap-
propriate life supportive care, and prompt transport to appropriate definitive care
are paramount to patient survivability [5].

As ambulance personnel (AP) are oftentimes the first point of contact between a
patient and clinical care, information available at dispatch can be both limited and
misleading: The report given by the one calling for help might be lacking [2] and a
higher priority is often set by the emergency medical dispatch centre than what is
assessed on site [6]. Urgency and time constraint, combined with the dynamic and
uncertain work environment, may be contributing factors to clinical errors [7, 8].
Flawed decision making by emergency medical providers is thought to greatly add
to patient harm [9]. Study of critical incident reporting has shown deficiencies in
staff knowledge and experience to be the major cause for critical incidents [8].

The information that AP gather in field, is used both to provide the patient with
immediate care, as well as to decide on the next care instance and allow them to
prepare for the incoming patient. Demands on AP competence has been, and is,
increasing both in Sweden [10, 11, 12] and elsewhere [10, 7] as the need for early
clinical decision making is emerging in acute conditions such as sepsis and stroke.
As a means of structuring the work process – in order to promote patient safety –
clinical guidelines and protocols are widely used in prehospital care [13, 14]. Poor
adherence to such guidelines has been noted in studies in various types of clinical
cases [15, 4]. The physical format of guidelines has been shown as an obstacle to
explicit use in assessment of patients [16].

Decision support tools may improve diagnostic accuracy as well as decrease the time
to definitive care [17]. Computer based decision support tools are being employed in
healthcare and have shown varying effect on different aspects of clinical performance
[18]. Increased compliance with guidelines has been reported with use of computer
based decision support tools [15, 19].

Research has been conducted to identify features of clinical decision support sys-
tems important to clinical practice improvements. Decision support being provided
automatically as part of clinician workflow, at the time and location of the decision
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1. Introduction

and in the form of a recommendation, without need for additional data entry, have
been found to be notable correlative factors [20]. Providing AP with computerised
decision support tools able to adapt to patient data ensures individualised treatment
while simultaneously standardizing clinical decision making [21], plausibly increas-
ing patient safety.

For each patient encounter, an Electronic Health Record (EHR), is filled out in
which the AP records observations and may recommend further treatment. EHRs
allow for sharing of clinical patient information within the care chain [22]. Filling
out EHRs has been shown to be time demanding [23] and is a distraction in the
interaction between AP and the patient. In critical situations, AP often keep infor-
mation only in their memory or write this down on available surfaces such as their
surgical gloves, for later recording in the EHR. This conduct is seemingly necessary
but detrimental to information completeness [24].

Commercial prehospital EHR solutions exist. Among these are the MobiMed health-
care solution (Ortivus AB, Sweden) and the medicalpad (WEINMANN Emergency
Medical Technology GmbH, Germany). For military use, the Mobile Computing Ca-
pability (Joint Operational Medicine Information Systems, United States) has also
been developed. These systems operate on handheld screens via point-and-click in-
terfaces, or when applicable, by acquiring data from attached sensors. To date, 15
of Sweden’s 21 regions use the MobiMed healthcare solution [25]. Among these are
Region Örebro län. MobiMed is compatible with the HL7 FHIR interoperability
standard. More on this in section 2.4.3.2.

The utilization of digital speech recognition tools for medical dictation, as a comple-
ment to medical amanuenses, is increasing in Sweden [26, 27], indicating the exis-
tence of sophisticated speech recognition tools capable of Swedish medical terminol-
ogy. The research team “Remote and Prehospital Digital Health” at the department
of Electrical Engineering at Chalmers University have identified voice interfaces to
be momentous components for building real time digital decision support tools. This
thesis is an exploration into that research area.

1.1 State of the Art
Computer systems for on-site recording of EHRs in prehospital care situations have
been proposed several times over the last decades [24, 28, 29, 30]. A theme in the
designs has been to distribute the system between a server that handles heavy com-
putations, such as the speech processing, and one or multiple light weight client
devices that present a form for the user to fill out using voice or point-and-click.
The clients have been carried, strapped to the user’s arm, or mounted to the users
head.

Head Mounted Devices (HMDs), computers fitted to the head of the user with a
screen in front of one or both eyes, saw a new era with the launch of Google Glass
(Google LLC, United States) in 2013-2014. The Google Glass was small enough
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1. Introduction

to be worn over long periods of time, had support for voice commands, featured
a 5 MP/ 720 p camera and was internet connected. Applications for the medical
field were promptly proposed [31]. Today the Google Glass is the most widely used
HMD [32] and has been utilized in dozens of pilot studies for use cases in clinical
care [33, 32]. Often specifically in operating theaters for displaying information or
gathering images and video [33, 34]. Use in prehospital care has been explored for
triage, remote consultation and displaying of information, with noted drawbacks of
short battery life and unstable internet connection [35, 36].

The HoloLens 2 (Microsoft Corporation, United States) is a holographic mixed re-
ality HMD that allows the user to interact with 3D holograms and thus provides
a novel user experience. Microsoft advertises the device for use in clinical settings
as well as for industrial remote assistance. The device has seen clinical use cases in
surgery [37, 38], clinical education and remote clinical assistance [39], among others.

The HMT-1 (RealWear, inc., United States) is a fully voice controlled HMD pri-
marily aimed towards industrial use. The Norwegian based company Jodapro AS is
developing and testing a remote guidance solution for Norwegian prehospital care,
at Innlandet Hospital in Norway since 2019 [40, 41].

Voice User Interfaces (VUIs) have become more prevalent in consumer products in
the last decades. Notable examples are virtual assistants such as Siri for Apple
operating systems, the multi-platform Google Assistant and the Amazon Alexa, as
well as home automation products such as Google Home and Amazon Echo. Among
these some are voice-only while others employ multiple modes of user input. Re-
search specifically on design of VUIs for use in prehospital care is – to the authors
knowledge – scarce. Examples of designs can be found in the larger body of pilot
and case studies, that exist [33, 42, 29, 43, 35, 30].

Among studies of speech recognition tools for clinical documentation between 1990
and 2018, nearly half used products by Nuance Communications [44]. Nuance Com-
munications and 3M M*Modal are the only providers of commercial speech recogni-
tion software with support for Swedish clinical terminology – to the author’s knowl-
edge – to date. Both provide software development kits: 3M M*Modal only for
Windows platforms and Nuance Communications for Windows and Android plat-
forms. Nuance Communications software has been reported in one study to achieve
satisfaction among a majority (77 %) of clinical users, despite frequent need for
manual corrections [45], and has shown promising recognition results for dictation
(accuracy > 90 %) in a project similar to VISAC [29]. The software is designed to
be used for free text dictation but also supports listening for predefined commands.

1.2 Objective
The objective of this thesis is to explore the feasibility of a voice interface for Swedish
prehospital settings, based on contemporary, commercially available technology com-
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1. Introduction

ponents. This question is investigated by selection of system hardware and software
components and subsequent design and construction of a demonstrator product
which implements a “primary survey”, and on which performance tests are to be
conducted.

1.3 Demarcations
To assess existing research in the field and to grasp what technology is available, a
state-of-the-art survey is to be done.

The choice of hardware platform is limited to the RealWear HMT-1 and the Mi-
crosoft HoloLens 2 as the project has access to these HMDs and they can thus be
evaluated first-hand. They are to be evaluated, and a choice made between them.
Alternative hardware platforms will not be considered for use in the project, but will
be considered in the literature research as this project is intended as a pilot project.
If a better choice of hardware platform exists, that is of interest to the research group.

Software-wise, a speech recognition software and a text-to-speech software for the
Swedish language are to be chosen for use in the system. These are needed for
converting human speech to digital text, and the reverse. As the system is intended
for use in a Swedish context, support for the Swedish language is central.

As for software development and testing of the finished system, an ABCDE “pri-
mary survey” is to be implemented and the resulting system evaluated on speech
recognition accuracy in a noisy environment. The “primary survey” is widely used
and is interesting for this pilot study as a simple model for filling out patient records.
The intended use case – in ambulance care – demands functionality in noisy envi-
ronments. Such testing is thus important to conduct.

4



2
Theory

To grasp the development process and end result, knowledge of certain concepts
in medicine, linguistics, language processing, programming and usability testing are
helpful. This chapter is intended to give the reader an introduction to these disparate
concepts.

2.1 ABCDE Primary Survey

Prehospital Trauma Life Support (PHTLS) is a program of best practice principles
for prehospital trauma care, developed since 1981 by the National Association of
Emergency Medical Technicians. The American born program has reached interna-
tional recognition and is used in dozens of countries [46], including Sweden. The
“primary survey” is used for VISAC at this early development stage as it is well
known and relatively easy to implement and is thus a good example of VISAC’s
intended functionality. A production version of VISAC is intended to support all
relevant ambulance protocols and surveys.

Providing prompt care for trauma patients lowers mortality, thus it is important
for Emergency Medical Services (EMS) professionals to quickly get the patient to
correct definitive care [5]. On the scene, ensuring perfusion and oxygenation, to
maintain energy production in vital organs, is paramount [5].

The primary survey is a tool for EMS professionals to quickly assess the condition
of a patient according to life critical parameters. These being, in increasing order
of severity: free airways, proper ventilation and oxygenation, haemorrhage control,
perfusion and neurological function [5]. In training, the survey can be performed
step-wise as a structured protocol, but in practice observation and questions such as
What has happened to you? gives the EMS professional information about several
of the parameters. A patient that answers has respiratory function and airways free
enough to allow speech, as well as cerebral perfusion enough to make themselves
understood [5].

The mnemonic ABCDE is often used for the categories of the primary survey. Ac-
cording to PHTLS [47] and treatment guidelines for Swedish ambulance care [14]
the categories and short descriptions are as follows:
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2. Theory

A - Airway management and cervical spine stabilisation Open and clear
airways without risk for obstruction are essential for keeping the patient oxygenated.
The airways might need clearing of bodily substances like blood and mucus, or from
external objects. The possibility of injury to the cervical spine needs to be kept in
mind.

B - Breathing (Ventilation) To ensure oxygenation of the patient, oxygen needs
to be delivered to the lungs. Either by the patient’s own ventilation, or by assistance.

C - Circulation (Haemorrhage and Perfusion) Bleeding, internal or external,
might demand treatment. Abnormalities in the pulse of the patient are assessed, as
well as color, temperature and moisture of the skin.

D - Disability Altered level of consciousness or motor capabilities can alert the
AP to problems with cerebral oxygenation, injuries to the central nervous system,
substance overdose or medical conditions like diabetes or cardiac arrest.

E - Exposure/Environment During examination of the patient’s body to find
injuries, body heat should be preserved.

2.2 Ambulance Noise Environment
AP spend time in the ambulance on their way to and from a patient scene. On
scene the work is typically conducted in the patient’s home [48], but can also be
outdoors or in a different indoors location. The working environments are diverse
and can thus present a great variability in sources of noise. In for example traffic
accidents, surrounding traffic as well as power sources driving hydraulic tools used
in cutting open cars, can produce loud noise. Differences in ambulance vehicles and
their equipment – between and within countries – naturally results in different noise
levels inside the ambulance. In research from Poland and Denmark mean average
background noise is reported below or at 80 dB(A) inside the ambulance [49, 50].
Much louder peaks, reaching 123 dB(C), as well as individual trips averaging up to
94 dB(A) have been reported in one Danish study [50]. Another study reports a
German average of 85 dB(A) and a Latvian average of 87 dB(A) [51]. An important
source of noise inside a vehicle is vibrations from contact between tyres and ground.
The speed affects the noise levels inside the ambulance [51]. According to Swedish
regulations, 80 dB(A) is the upper allowed limit for constant exposure during an 8
hour shift, without providing hearing protection [52].

The measurements dB(A) and dB(C) denote A-weighted and C-weighted dB mea-
surements, respectively. A- and C-weightings are defined in IEC 61672-1 and used
in Swedish and European noise legislation [53]. A-weighting models the human ear’s
response to sound, giving a lower weight to energy content of frequencies that the
human ear registers less well [53]. C-weighting gives equal weight to energy content
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2. Theory

of frequencies within normal human hearing, with a sharp roll-off outside of this
range [53].

2.3 Speech and Language Processing
Making computers respond to human speech in a meaningful way is a complex
task involving both extraction of information from spoken language into a digital
representation, and subsequent action on that received information. Text is a widely
used digital representation for spoken language. Automatic transcription of speech
into text is called Speech Recognition (SR).

2.3.1 Speech Recognition Technology
The rise of deep learning has been revolutionizing to SR [54]. Machine learning
requires large annotated data sets for training, as the systems are fundamentally
trained to recognize specified patterns. Different languages need separate training
and within languages, different groups of people differ in for example dialect and
vocabulary. These factors have to be considered for a well functioning SR system.

Long Short-Term Memory (LSTM) is a machine learning architecture that is well
suited for sequentially correlated data, such as speech, where the context of one
word depends on surrounding words [55].

Handling background noise has long been [56], and still is [57], a hindrance to
effective SR. Variations in dialects and handling multiple simultaneous speakers [58]
are other current major challenges in the field [57].

2.3.2 Natural Language Processing
In order to make any sense of a string of text, the contained lingual information
needs to be extracted. Natural Language Processing (NLP) encompasses techniques
for understanding, as well as producing human language, using computers [59].

Certain tasks demands pre-processing of the used texts. A customary pre-processing
step for normalizing text in NLP is removing of stopwords: common words that carry
little information [60]. Removing such words will not affect the intended message in
a significant way, but will decrease the number of possible word combinations.

In the field of linguistics a lemma is the canonical form of a word [61], the one typ-
ically found in a lexicon. Lemmatizing words is a common way of normalizing text
by discarding morphological information. Morphemes are the smallest meaningful
units of language [62]. For illustration, the word “unrepentive” can be broken into
the morphemes “un-repent-ive”. “Repent” is here the root, with a prefix “un” and
a suffix “ive”. A similar effect to lemmatizing can be accomplished using stemming,
that is, reducing inflected words to a stem by removing suffixes. Pre-processing text
by removing stop words and lemmatizing or stemming achieves identity between e.g.

7



2. Theory

the phrases “the airways are cleared” and “airway clear”.

2.4 The Software Platform
The RealWear HMT-1 is a voice controlled Android device running Android 10
(Google LLC, United States). The device implements the concept “Say What You
See”, adding an interface layer on top of the Android operating system, called
WearHF [63]. The interface layer consists of graphical overlays numbering each
selectable item on screen, as well as a set of voice commands for selection of these
items.

2.4.1 Android Architectural Components
User applications for the Android operating system are typically built using the
programming languages Java or Kotlin. For building applications for Android, a set
of Application Programming Interfaces (APIs) are available. These APIs provide
building blocks for the application and allow access to core operating system com-
ponents and services [64].

Android applications are built around the concept of what is called an “Activity”,
in order to facilitate applications invoking specific functionality of other applications
[65]. This allows e.g. a web browser to invoke an email client’s “new mail”-dialog
directly without other parts of the client such – as the inbox – being invoked [65].
An application needs at least one Activity and can be composed of several.

The Activity has a “lifecycle”. From creation to termination certain stages of the
lifecycle are accessible to the programmer. These are important for initiating the
application before displaying it to the user (via the lifecycle method onStart()),
deciding what happens when other Activities are given focus, and when returning
back from them (lifecycle methods onPause(), onResume()) and cleaning up ser-
vices when the user leaves an application (lifecycle method onStop()) [65].

When building Graphical User Interfaces (GUIs) for Android, the View and ViewGroup
elements are used [66]. By combining different View elements which are given at-
tributes – like dimensions, color and text – and collecting them in ViewGroups, com-
plex GUI elements can be formed. Among predefined such elements are TextView
and Table, providing text fields and tables respectively. The more complex element
RecyclerView is used for creating lists with dynamic content and has an API for
handling the information that is to be shown. View elements can be declared in
a layout-file using XML or be defined and created programmatically at runtime.
Attributes of the created View elements can also be programmatically altered.

The Android framework directs UI controller lifecycles, dictating what Activity is
displayed as a result of both user actions and device events [67]. If an Activity
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2. Theory

is destroyed and recreated, information will be reloaded from sources, possibly re-
sulting in loss of information entered by the user. Such information thus needs to
be saved in a lifecycle aware manner. This can be done using a ViewModel. The
ViewModel object is accessible during the entirety of the Activity lifecycle; from it’s
creation to it finishing [67]. Declaring methods and data in the ViewModel rather
than in the Activity class, also provides a means of source code task separation
[67].

2.4.2 JSON Standard
JavaScript Object Notation (JSON) is a language-independent data interchange
syntax standard also called ECMA-404 [68]. JSON is easy for humans to read and
write and has gained widespread use. The standard “provides a simple notation for
expressing collections of key/value pairs” [68] called objects, with keys being strings
and values being one of object, array, number, string, true, false, or null [68].
Objects are delimited by curly brackets and arrays by square brackets. An example
of a JSON object is shown in Figure 2.1.

1 {
2 " object with an object as value": {
3 " object with a string as value": "a string ",
4 "for multiple key/value pairs": " separate them by a comma",
5 " objects and arrays nest well" : [
6 {
7 "using an array as a value is OK" : ["one", 23, true]
8 },
9 {

10 "key" : "value",
11 "key" : "value"
12 }
13 ]
14 }
15 }

Figure 2.1: An example of a nested JSON object.

JSON objects can be interchanged between systems using plain text which is parsed
on reception, according to the specific needs and data types of the receiving system.
Thus these need not be known by the transmitting system.

2.4.3 Electronic Health Records
The emergence of Electronic Health Records (EHR) makes swift interchange of pa-
tient data between healthcare providers possible. Patients can also be offered access
to their health records via the Internet [69]. Lack of widespread adoption to available
standards is a hindrance to interoperability between healthcare information systems
[70].

9



2. Theory

2.4.3.1 SNOMED CT

Systematized Nomenclature of Medicine Clinical Terms (SNOMED CT) is a collec-
tion of clinical terms organized in hierarchies with an “is a”-relation from children
to parents within the hierarchies [71]. There exists 19 hierarchies which include
“clinical finding”, “procedure” and “body structure” as well as the possibility to
describe relations between concepts [71]. The concepts defined in the hierarchies
are each represented by a code. An example of a body structure code relevant for
VISAC is “89187006 | Airway structure (body structure) |”. The numeral code is
accompanied by a human readable description. For each concept code, synonymous
descriptions exist, both within and between languages. Code 89187006 has the En-
glish synonyms “Airway structure”, “Airway” and “Respiratory airway” as well as
Swedish synonyms “luftvägar, struktur” and “luftvägar”.

2.4.3.2 FHIR Interoperability Standard

Fast Healthcare Interoperability Resources (FHIR) is an interoperability standard
for description of data formats called “resources” as well as a specification for the
exchange of these resources, developed and maintained by the non-profit standards
development organization Health Level Seven (HL7) [72]. The standard has pre-
defined resources and allows for creating custom resources with simple or complex
data types. Resources can, according to the standard, be represented in different
ways, among which are as JSON objects.

According to Release 4 of HL7 FHIR, the resource Observation can be used for
“Measurements and simple assertions made about a patient, device or other sub-
ject.” [73]. A minimal example of an Observation is shown in Figure 2.2 [73]. The
“status”-key of an Observation can take as value a valid ObservationStatus, e.g.
“preliminary”, “final” or “amended” [74]. The “code”-key needs a CodableConcept
to be specified as value. The CodableConcept can be in the form of a plain text
description and/or an external clinical term coding according to clinical coding
standards such as Logical Observation Identifiers Names and Codes (LOINC) or
SNOMED CT. Such an example of a CodableConcept is shown in Figure 2.3.

1 {
2 " resourceType " : " Observation ",
3 " status " : " preliminary ",
4 "code" : { CodableConcept },
5 " valueString " : "value"
6 }

Figure 2.2: A minimal example of the resource Observation, with a string as
value. The “code”-key needs the CodableConcept to be specified for completeness.
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1 {
2 " coding ": [
3 {
4 " system " : "http:// snomed .info/sct",
5 "code" : "89187006 | luftvägar, struktur |"
6 }, {
7 " system " : "http:// loinc.org",
8 " version " : "2.40" ,
9 "code" : "69046 -1",

10 " display " : " Airway status "
11 },
12 "text" : "Luftvägar"
13 ]
14 }

Figure 2.3: A FHIR CodableConcept describing the object of observation in three
different ways: Using SNOMED CT code “89187006 | luftvägar, struktur |”, LOINC
code “69046-1”: “Airway status”, and using a plain text description.

2.5 System Usability Scale

The System Usability Scale (SUS) is a widely used [75] 10 item standardized ques-
tionnaire. It was first developed in 1986 as a simple and low-cost means to assess
perceived usability of industrial system user interfaces [76]. The questionnaire has
since seen several variations and has been used for evaluating user interfaces of many
sorts, ranging from pagers to web applications [77]. Research assessing the quality
of the SUS questionnaire has found it robust and valuable on a broad spectrum of
user interfaces [77, 78].

The process is the following [76]: For each item the user is asked to grade their
agreement with the given statement on a scale from 1 to 5 without thinking for
too long on each question. If the user is unable to answer one item, they are to be
instructed to fill in the middlemost alternative. The questionnaire is to be filled out
by the user after testing the system but before further discussions about the system.
The SUS score is subsequently calculated according to eq.2.1 where Sodd denotes the
score given for an odd-numbered statement and Seven likewise the score given for an
even-numbered statement. The maximum score is 100.

scoreSUS = 2.5 ∗ (
∑

(Sodd − 1) +
∑

(5− Seven)) (2.1)

Using the SUS as an absolute scale for assessing the usability of an interface has
been explored [77, 78]. For one such scale, a score of 70 is proposed as passable,
with scores above 90 indicating a “truly superior product” [77].
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2.6 Speech Recognition Tests
In testing of speech recognition software, comparison is often made between the
input string which is spoken – the “gold standard” – and the resulting SR output –
the “hypothesis”. The comparison can be made in several different ways. Common
measurements include the Word Error Rate and the Word Information Lost, which
are described below. A way of measuring recall of intended actions is also defined
as well as a variant of the Word Information Lost-metric, modified with intention
to account for quality of the recognized information.

2.6.1 Word Error Rate
Word Error Rate (WER) infers word-wise errors made between a gold standard
and a hypothesis. It is a common metric in measuring the performance of speech
recognition software [79, 80]. The WER does not infer language understanding
accuracy [81] but only describes a word-wise distance between two text strings [79].
The word-wise edit distance is the minimal sum of the operations deletion, insertion
and substitution, needed in order to transform the hypothesis into the gold standard
[82]. The WER is acquired by dividing this word-wise edit distance by the number
of words in the gold standard, and can be calculated according to eq.2.2 [80], where
D, I, S, respectively denotes the number of deletions, insertions and substitutions,
with a total number of N words in the gold standard.

WER = D + I + S

N
(2.2)

It should be noted that the WER can be greater than 1. The measurement is not to
be thought of as a true percentage [83] and cannot be used as a measure of absolute
performance [83]. As an illustration, assume that the word “foobar” is mistakenly
recognized as “foo bar”. This adds one insertion along with a substitution to the
total. Mistakenly recognizing the word as “foodbar” would have resulted in only a
substitution. The WER is said to not be D/I-symmetric [79]. This asymmetry can
lead to WER-values > 1 if the proportion of such errors is large.

2.6.2 Action Recall
With multiple command phrases leading to the same program action being per-
formed (i.e. selecting a specific item), incorrect recognition of a certain phrase can
still result in the intended action being performed. For such a case, the WER would
indicate error despite the intended action being achieved. To account for multi-
ple command phrases achieving the same action, the measurement “Action Recall”
(Arec) was formed by the author.

Assuming all possible speech recognition results, T, and using a set P ⊂ T of cardi-
nality |P|= nP available phrases. Further assuming that each available phrase u ∈ P
has at least one program action a ∈ A which is specified to be performed upon recog-
nition, out of |A| = nA available program actions. Where a(u) is a non-injective func-
tion a : P→ A. A vector u gold standard with elements (u gold standard

1 , . . . , u gold standard
nu

) ∈
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P of nu uttered phrases results in some vector r hypothesis of nr speech recogni-
tion results with elements (r hypothesis

1 , . . . , r hypothesis
nr

) ∈ T. Given a vector u(m) of
dim(u(m)) = m uttered phrases, where each phrase (u(m)

1 , . . . , u(m)
m ) ∈ P lead to the

same action a(u(m)
1 ) = · · · = a(u(m)

m ) , a(u(m)) ∈ A being performed. Misinterpreting
one of these for any of the others will nevertheless give the intended result.

The Arec is then calculated according to eq.2.3 where a is an iterator over the nA

available actions of A. For each available action a ∈ A, Na = m is the number
of unique phrases in P that lead to program action a being performed. Ca =
dim(a(u gold standard) ∩ a(r hypothesis)) is the number of times an uttering of a phrase
u with intended action a(u), resulted in action a(u) being performed.

Arec =
nA∑
a=1

Ca

Na

(2.3)

2.6.3 Word Information Lost
Word Information Lost (WIL) is an approximation of the more complex measure-
ment Relative Information Lost (RIL) [79]. RIL can be calculated according to
eq.2.4, where H(Y |X) is the conditional entropy of the transmitted message Y given
that the received message X is known. H(Y ) denotes the entropy of the transmitted
message Y [79].

RIL = H(Y |X)
H(Y ) (2.4)

The approximation WIL is based on counts of hits, substitutions, deletions and in-
sertions rather than knowledge of the mutual information of a gold standard and
its interpreted hypothesis [79]. Furthermore, in contrast to WER, WIL is D/I sym-
metric and gives a true percentage [83]. WIL can be calculated according to eq.2.5.

WIL = H2

(H + S + D)(H + S + I) (2.5)

2.6.3.1 Word Information Lost with Simplified Words

In the use case of VISAC, all of the information contained in a given phrase is not
equal. While WIL approximates the information lost between a gold standard and
an hypothesis, this measurement is agnostic of the quality of the information con-
tained, for example whether it results in the intended action or not.

The measurement WILsimpl denotes the Word Information Lost computed for a data
set pre-processed by removing of stopwords and reducing each word to their word
stem. This indicates how much of the information which is critical for conveying of
the intended action, has been lost.
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3
Materials and Methods

The material for this thesis is, to a large extent, derived practically via programming
and subsequent testing and discussion with intended users. Orientation in literature
as well as manual pages for software and hardware have also been necessary. In this
chapter the exploration and development are described together with the chosen
hardware and software. As the HMT-1 was eventually chosen as hardware platform,
this choice is assumed in several of the sections.

3.1 State of the Art Survey
In order to assess the current state of the art in the field of HMDs and VUIs in
pre-hospital care, a literature survey was conducted using the Chalmers Library
search tool as well as Google Scholar and Google Search. This survey aimed at
finding prehospital applications for the hardware and software components chosen
for this project. For all searches, sorting on “Relevance” was used and for the article
searches, 40 of the highest ranked articles were regarded for each search term. The
articles were screened by title and the abstracts of relevant articles were read. The
article was then selected for reading or discarded.

When using Chalmers Library search, ebooks, books and patents were excluded in
search results. As the state of the art was to be surveyed, only works published in
the latest 10-year period were considered, that is, between 2011 and 2021. Search
terms returning relevant articles are collected in Table 3.1 – 3.3. No relevant hits
were found in any of the article searches for search terms: HMT-1, Dragon Medical
prehospital, RealWear prehospital, Jodapro.

Table 3.1: Search terms, Chalmers Library. There may be some overlap between
chosen articles for the different searches.

Search term Hits Chosen
voice user interface 95,783 8
prehospital voice user interface 845 8
prehospital head mounted device 804 0
Human computer interaction prehospital 1352 2

For Google Scholar only articles published 2016-2021 were considered.
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Table 3.2: Search terms, Google Scholar.

Search term Hits Chosen
prehospital voice user interface 859 7
RealWear prehospital 3 1

For JMIR publications, searches for hmt-1 or realwear returned no interesting re-
sults.

Table 3.3: Search terms, JMIR publications.

Search term Hits Chosen
head mounted display prehospital 3592 7
voice user interface prehospital 10079 3

For Google Search two pages (ca. 20 hits) of the highest ranked hits were considered.
Relevant web pages were browsed and relevant links from these were followed. A
few web pages were collected and a few articles were also found in these searches.
Due to the disparity in web page content and structure, it is hard to treat these
searches systematically. Search terms included: prehospital voice user interface,
head mounted display prehospital, RealWear prehospital, HMT-1, jodapro.

This survey provided a foundation for further literature investigation and was a
starting point to branch out from. Interesting sources referenced in articles found
in the survey were studied, and further searches based on key-words and concepts
were conducted. Apart from this focused survey, articles and literature have been
accumulated and studied during the remainder of the project. Such accumulated
knowledge about the state of the art in the field has also been added to the descrip-
tion, which is presented in Section 1.1.

3.2 Study Visit

A day was spent visiting the ambulance department at Örebro University Hospital,
accompanying a crew on their shift. The aim of the visit was to get first hand
experience of the work environment of the AP. Notes were taken on activities that
the crew perform, technical equipment they use and the general sound environment.

3.3 Target Device Selection
The hardware and software components were evaluated with a wider use case in
mind than the subsequently designed application. This was because at the time
of making a decision for hardware platform, the exact application was not decided
on. The research team had access to the RealWear HMT-1 as well as the Microsoft
HoloLens 2 and a choice was made between these devices. The Vuzix M400, M4000
devices were considered in literature as they were the closest market alternative in
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early fall of 2021. Google Glass was also considered in literature as this device has
seen use in clinical applications.

3.3.1 Important Capabilities

With the wider goal of adding decision support capabilities to a voice controlled,
HMD for use in Swedish ambulance care, important parameters for a suitable target
device can be identified: It needs to be rugged to handle adverse weather conditions
with a wide temperature operating range. It needs good voice control capability
with noise suppression for use in noisy environments with several consecutive voice
sources. The display interference on the user’s field of view should be kept low and
the display needs to function in differing lighting conditions. The device should not
hinder the communication between AP and patient and should be comfortable to
wear during physical activity.

3.3.2 Available Devices

The choice of target device was limited to HoloLens 2 and HMT-1 from early on.
Other HMDs used in clinical and industrial applications were explored to get an
understanding of what alternatives exist. The devices are described below.

3.3.2.1 Microsoft HoloLens 2

The Microsoft HoloLens 2 is a holographic, mixed reality device running Windows
10 Holographic OS, adding a 3D desktop environment to the Windows 10 operating
system. The display is comprised of two waveguides – one in front of each eye –
which gives the user a 3D holographic experience by displaying separate 2D holo-
grams before each eye. Parallax differences between the two images allows the user
to experience the projected holograms as if they were present in three dimensions
in the room. The device is primarily controlled by hand tracking with gestures but
does have voice-control capabilities and can track the users gaze as a third mode of
input [84].

Wearing the HoloLens 2, the user can place 3D objects or flat application windows
around themselves in space. Application windows can be docked to a cylinder around
the user so that they are located at the same relative position, as the user moves
about. A depiction of the device being worn can be seen in Figure 3.1.
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Figure 3.1: A person wearing the HoloLens 2 together with glasses.

The HoloLens 2 has cameras in front of the device which register the geometry of the
room that the user is located in. The HoloLens 2 creates a room model using this
data. The boundaries of this room model function as boundaries for where objects
can be placed.

The 3D environment offered by the HoloLens 2 is a novel feature which could lend
itself well to innovative applications. The applications are developed in real time
3D platforms such as Unity or the Unreal Engine [85]. For this project an appealing
benefit would be the availability of practically cost free virtual screen surface for
displaying information.

3.3.2.2 RealWear HMT-1

The RealWear HMT-1 is a fully voice controlled Android 10 device with a viewfinder
beneath either eye. The viewfinder is mounted to an arm which can be adjusted
according to where the user wants to have the screen located, normally below the
dominant eye. The relative size of the display is about that of a 7-inch display at
one arms distance. A depiction of the device being worn can be seen in Figure 3.2.

The HMT-1 can be used with different straps for mounting on the head, and is PPE
(Personal Protective Equipment) compatible, allowing for clipping onto for example
hard helmets.
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Figure 3.2: A person wearing the HMT-1 together with glasses.

The user navigates Android applications using the principle of “Say What You See”.
Menu alternatives are numbered and can be selected using the command Select
Item N, or by saying the title of the menu alternative. This way, many Android
applications can be navigated without any prior modifications. Specific commands
can also be defined programmatically in the source code of an application using
RealWears WearML application programming interface. RealWear reports accurate
voice recognition even in 95 dB(A) of typical industrial noise [86].

3.3.2.3 Other Device Alternatives

The Vuzix M400 and M4000, as well as the Google Glass are other interesting HMTs,
all running the Android operating system. The three devices are similarly designed
and are made to be worn mounted to a frame, such as glasses. They have a touch-
pad on the side and can be interacted with using voice. The M400 has an opaque
display while the displays of the M4000 and Glass are translucent. All have cameras.

The Vuzix devices are IP67-certified [87, 88]: dust-proof and resistant to being sub-
merged at 1m depth for 30 minutes. The Glass is IP53-certified [89]: resistant to
limited dust ingress and water sprays. The M400 is safe for drops from 2 meters [88]
and the M4000 from 1 meter [87]. The Vuzix devices have hot-swappable batteries
and can be used with different types of batteries depending on battery life needs,
2-12 hours [87, 88].

3.3.3 Comparison of HoloLens 2 and HMT-1
Both the RealWear HMT-1 and the Microsoft HoloLens 2 are targeted towards and
used in various industrial and medical applications, among which are video calls to
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remote experts. Both devices can be used while wearing prescription glasses. Table
3.4 shows a comparison of device specifications given by the manufacturers.

Table 3.4: Comparison of specifications for the two devices HoloLens 2 and HMT-1.

HoloLens 2 [84] HMT-1 [86]

Camera 8 MP with 1080p30 video 16 MP with 1080p30 video,
4-axis optical image stabilization

Speakers “built-in spatial sound” mono speaker, 3.5mm audio jack

Microphone 5 channel array 4 microphones with active noise
cancellation

Battery life 2–3 hours 8-10 hours, hot swappable
Weight 566 g 380 g

3.3.3.1 Robustness

The HMT-1 is IP66 and MIL-STD-810G certified and thus dust-tight, waterjet-
proof, drop proof from 2 m onto concrete and can handle temperatures between
-20 °C and 50 °C [90]. The Industrial edition of HoloLens 2 is certified for use in
clean rooms according to the ISO Class 5.0 classification [84], but does not have any
Ingress Protection (IP) certification and is thus not well suited for outdoor use. The
device is not built to handle drops and bumps.

3.3.3.2 Noise rejection

Both devices have noise cancellation using multiple microphones which are either
located to pick up speech or background noise [91, 92]. RealWear reports their voice
recognition working accurately at 95 dB(A) of industrial noise [90]. Microsoft have
not released any such data.

3.3.3.3 Display

When wearing the HoloLens 2, the user’s field of view is partly obstructed by compo-
nents in the visor. The visor itself is semi-transparent and thus reduces the amount
of light that reaches the eyes of the user. The experience is that the view is con-
stantly obstructed, apart from when flipping the visor up. The waveguides do not
cover the field of view of the user but are limited only to a frame. The user needs to
turn their head rather than move their eyes to look at different holographic objects.

The display of the HoloLens 2 is sensitive to lighting conditions. The holograms are
“diluted” by sunlight and other light sources and can become invisible on a sunny
day. The possibility of changing the intensity of the holograms exists, but in sunny
conditions the available range is not sufficient. Light phenomena like glares and
colourful rays are visible in certain lighting conditions, further distracting the user
and making the displayed contents unclear.

During use of the HMT-1, frequent small adjustments of the viewfinder are needed.
Between standing up and bending over, the angle at which the screen is viewed is
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altered enough to require manual adjustment of the viewfinder to keep the display
in view. The viewfinder uses optics to give a fixed focus of 1 meter. This helps in
keeping external light from reaching the display – effectively increasing contrast –
but also limits the angle at which the display can be observed. A light source to the
side and behind the user can introduce glares in the display.

As the viewfinder is located in front of one eye only, the part of the field of view
covered by the viewfinder can still be seen with the free eye, making the display
appear to be transparent.

3.3.3.4 Camera

The positioning of the cameras differ between the two devices. The camera of the
HoloLens 2 centered between the eyes and captures accurately what the wearer is
seeing, while that of the HMT-1 is positioned slightly to the side of the head.

3.4 Software Component Selection
In the process of evaluating the HMDs, speech recognition and text-to-speech soft-
ware compatible with the platforms were also sought out.

3.4.1 Nuance Dragon Medical SpeechKit
Nuance is a market leader in speech recognition [93]. Information found on the
internet regarding available products was often incomplete and even misguiding.
Contact with the sales department at Nuance made it clear that the SpeechKit SDK
was available both for Windows and Android. Nuance Dragon Medical SpeechKit
was chosen as it was the only commercially available speech recognition software
with support for Swedish medical terminology known to the author at the time of
making a choice. It is also the only such software with an API for Android. 3M
M*Modal Fluency offers only Windows support. Nuance provided a test license for
this project.

3.4.2 Acapela TTS
The text-to-speech software needed to produce a naturally sounding Swedish voice
and have an SDK for Android. The Acapela TTS (Acapela Group, Europe) software
provides a natural sounding synthesized Swedish voice and Acapela provided a test
license for the project. The Android operating system has native support for text-
to-speech, but does not provide a Swedish voice.

3.5 Developing VISAC
VISAC was developed in an explorative manner as availability and functionality of
software and hardware components was not known at project start. One objective
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was to choose such components and evaluate if they were fit for the purpose of con-
structing a voice driven interface for Swedish prehospital care.

During evaluation of the devices HoloLens 2 and HMT-1 – prior to making a choice
between the devices – cross-platform development was tried using the cross-platform
development platform Xamarin 2.0 (Xamarin, United States). Xamarin was used
with the integrated development environment Visual Studio (Microsoft Corporation,
United States) and code was written in C#. Simple applications using the stan-
dard libraries worked well, for deployment both to Android and Windows. Platform
specificity was introduced when adding custom WearHF functionality for the HMT-
1. Adding speech recognition and text-to-speech tools for the specific platforms
would have led to more platform specificity, defeating the purpose of using Xam-
arin. This approach was thus abandoned.

After choice of HMT-1 (model Model T1100G) as target device, Android Studio
(Google LLC, United States) was used for development. This is an integrated devel-
oper environment geared towards the Android operating system. Android applica-
tions are developed mainly using the programming languages Java and Kotlin. Java
was used, as the author was familiar with this language.

3.5.1 Development Process Overview
The development was conducted in two main segments; one preparation segment
where the focus was on deciding on platform and seeing to that hardware and soft-
ware components functioned together and requisites were met for the application
development in the subsequent segment. This second segment consisted of three
“development loops” in which the main application development was performed and
feedback from AP was gathered along the way.

For Android programming, the Android operating system provides a development
paradigm of its own, and uses APIs for adding predefined software components.
Development guides are available and were used in familiarization with the develop-
ment paradigm and Android concepts, in order to gain an understanding of available
functionality. This familiarization was done step-wise, incrementally introducing
functionality that was needed for the primary survey-application while simultane-
ously learning how to apply new elements and solving conflicts between different
system components. The application programming process was reverted several
times, as new insights were gained about software design problems. The version
control system git was used for easier reversion. Android development guides, SDK
specific developer documentation, customer service, as well as stackoverflow.com
was frequently inquired for help during development.

On acquiring the SDKs for SpeechKit and Acapela TTS, functionality was tested
on the HMT-1. The HMT-1 being voice controlled posed integration problems with
SpeechKit. A way of switching between the two modes of voice control is described
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in section 4.1.2.1.

A method of handling recognized user speech was needed. SpeechKit allows two
“modes” of speech recognition: “dictation” and “commands”. When the user selects
a text field, speech is dictated into the field. During dictation, SpeechKit also listens
for pre-defined commands. Recognition of such a command takes priority, and the
application executes the actions that are predefined for the given command. Use of
commands was chosen for controlling VISAC as this allowed for quick mapping of
spoken words into actions.

Certain functionality was assumed to be critical for constructing the final appli-
cation and was achieved before introducing AP in the development process. This
included integrating the SpeechKit and Acapela TTS with the HMT-1, and writing
back-end code for generating menus from a JSON-specification, further described
in Sections 4.1.4 and 4.1.5. Adding support for HL7 FHIR using the SDKs “HAPI
FHIR” [94] or “Android FHIR” [95] was examined but abandoned due to lack of
time, as external communication was not an integral part of the project.

In the second segment, the three development loops spanning three weeks each
were defined for developing the final application after finishing the preparations
described above. In Loop 1, an application exhibiting a minimal primary survey,
was produced and the vocabulary for the application was defined. “Vocabulary” here
refers to words used for menu categories and words used for selectable attributes for
those categories. The vocabulary was selected by studying choices in other primary
survey-applications. An ambulance nurse at Örebro University Hospital provided a
list of common terms used in a primary survey situation, from which words were
also selected. In Loop 2, the minimal application from Loop 1 was tested by AP
and comments and suggestions were used for further development through Loop 3.
Tests for evaluating the final application were planned and methods for generation
of command phrases – described in Section 3.5.2.1 – were explored. In Loop 3, the
VISAC system was finalized and tested with AP. The testing is described in Section
3.6.

3.5.2 Application Design
The application functionality was specified to be “filling out an ABCDE primary
survey” as this is an example of a structured survey. For such a survey, the categories
for which parameters are to be reported, are specified by the acronym ABCDE, de-
scribed in section 2.1. Measurements to take for each of the categories and the
contents of the categories needed to be decided. The choice was made to use a
shallow tree structure with categories that have a number of selectable predefined
attributes each, as this functionality was expected to be sufficient for a simple pri-
mary survey and for testing the speech recognition capabilities. For the contents
of the survey to be easily exchangeable, a JSON declaration of the tree structure
defining them was developed. The declaration was constructed as a naive FHIR re-
source in order to prepare for interoperability with FHIR-compatible systems. The
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VISAC application was, in this way, designed for displaying of consecutive prede-
fined surveys that the user can respond to.

The first version of the user interface, shown in Figure 3.3, used for showing the
VISAC concept to AP, employed two RecyclerView elements, one for displaying
categories, and one for displaying attributes in the currently selected category. Af-
ter the first evaluation with AP, an alternative design which constantly displayed
all categories with their available attributes was suggested. A larger vocabulary
and the ability to select and deselect several attributes for each category was also
requested.

Figure 3.3: The first version of the visual user interface that was shown to AP,
here run in an emulator. Only three categories are shown, with three selectable
attributes. More categories and attributes were available at time of demonstration
to AP.

3.5.2.1 Generation of Commands

Command phrases were selected by finding common ways to combine the available
category and attribute words into selection phrases. To exemplify, the attribute
“’fria” in the category “luftvägar” was combined into phrases such as “fria luftvägar”,
“luftvägarna är fria” and “luftvägar fria”. During Loop 1, AP suggested prepending
the phrases “patienten har”, “vi har” and “det är” for the command phrases. This
was thus done. The generation of commands was done semi-automatically with use
of Python for scripting as well as search-and-replace. A Python script generated
phrases from word stems by appending relevant suffixes to these. The list of gen-
erated command phrases was then manually screened for incorrect phrases, which
were removed. Complete sets of commands for some attributes followed the same
structure and only needed replacement of one word between them, in which case,
search-and-replace was used. An exhaustive list of selection command phrases that
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were generated for use can be found in Appendix A. For deselecting previously se-
lected items, a separate set of commands was created for each attribute item. This
set was constructed by prepending the three strings “avmarkera”, “avregistrera” and
“ta bort” respectively, to each existing command.

An effort was made to find an automatic way of generating the commands, before
choosing the method described above with Python scripting together with search-
and-replace. The most promising among these was morphological analysis and gen-
eration. This was tried using the Python package UralicNLP [96] which has support
for Swedish. Too many special cases would have needed handling for this approach
to be implementable in the available project time frame because of how UralicNLP
outputs data in morphological analysis. Other software projects and methods were
considered but often did not support Swedish. At a later stage, it was found that
Språkteknologigruppen at Kungliga Tekniska Högskolan provide an API for inflec-
tion of Swedish words [97]. This is not a complete solution but could prove useful
for morphological generation.

3.6 Testing of VISAC
The HMT-1 was evaluated with respect to device ergonomics and physical factors
as a part of choosing the target device. See Section 3.3 for this evaluation.

3.6.1 Recognition of Command Phrases
In order to evaluate the speech recognition capabilities of the VISAC system, tests
of command phrase recognition were performed by a user speaking them to the
VISAC system in different noise conditions. The noise levels chosen for the tests are
enumerated in Table 3.5. The level 80 dB(A) was chosen as it has been reported in
ambulances in Poland and Denmark, as well as this being a limit for allowed constant
exposure during an 8 hour shift in Sweden. 95 dB(A) was chosen as RealWear
reports HMT-1 rejecting noise to this level. The test rig could only produce 93
dB(A), so this level had to be used instead. After choice of 80 and 95 dB(A), the
last level was calculated as 80 − (95 − 80) = 65 dB(A), in order to get one more
data point somewhere below the ambulance noise level of 80 dB(A). 30 dB(A) was
the background noise measured in quiet conditions.

Table 3.5: Background noise levels chosen for command phrase recognition tests.
95 dB(A) could not achieved with the test rig used, thus 93 dB(A) was used instead.

Description dB(A)
room background noise level 30
80− (95− 80) 65
level expected inside ambulance 80
HMT-1 reported noise rejection 93 (95)
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3.6.1.1 Data Acquisition

A test rig was formed by connecting a Galaxy Note10 Lite (Samsung, South Korea)
Android phone running a white noise generator application (Noice, version 1.3.3 [98])
to a set of stereo speakers of the brand Creative, model 265 (Creative Technology,
Singapore). The speakers were placed 120 cm apart, facing each other, with the
user’s head centered in between them. Figure 3.4 describes the test setup graphically.

Figure 3.4: Test setup for noise tests. The user is sitting down between the
loudspeakers, with a computer screen in front of them which displays the phrases
to be spoken.

The sound level of the white noise was measured using the application “NIOSH
Sound Level Meter” [99] (version 1.2.5) on a 2:nd generation iPhone SE (Apple,
Inc., United States). Correct sound level was determined by holding the meter
where the user’s head would be located, while adjusting the sound level to the spec-
ified value. NIOSH Sound Level Meter is produced by the US agency The National
Institute for Occupational Safety and Health and is tested and validated to be ac-
curate to within ±2 dB(A) [100]. The app has been reported accurate within ±0.7
dB in the range 40 - 85 dB without calibration [101].

All 240 generated commands available to the user (excluding commands for des-
election), were collected as gold standard in a list to be spoken in testing. Tests
were conducted both for SpeechKit commands as well as SpeechKit dictation. For
testing SpeechKit commands, the primary survey application was used. For testing
SpeechKit dictation, a minimal application with a dictation user interface was con-
structed. The same sets of commands were enabled for both the applications. In
order to simplify the process of testing, certain additional command phrases were
added to VISAC. A command to handle registering of missed phrases (command
phrase: missade fras) was available during testing of SpeechKit commands. A com-
mand phrase to print dictated text to the terminal (command phrase skriv ut text),
was available during testing of SpeechKit dictation. Neither of these phrases were
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falsely registered when speaking a command phrase during testing.

Tests of SpeechKit commands were performed for all four noise levels while test-
ing of SpeechKit dictation was performed only at levels 30 dB(A) and 80 dB(A).
SpeechKit dictation was not to be used in the application but was tested to get a
comparison of performance between the two modes and to see if use of free text
dictation is viable.

As SpeechKit automatically trains a voice model during use, previously unused voice
models were activated for the tests. Voice models were switched between using dic-
tation or commands, but not between voice levels, as the number of available voice
models too small to allow for this.

In testing, the user was sitting down with their head located in between the speakers.
Each phrase was displayed on a screen in front of the user and phrases were read
out loud in order, waiting a reasonable amount of time for the system to register
a phrase. The waiting period between phrases was not timed. Experience on how
long the system needs for a registration to complete was instead used for the waiting
period. All registered phrases were printed to the system log. If a phrase was not
registered, this was noted in the log. On completion, the information from the log
was transferred to a text document and cleared from log information in order to only
retain the registered phrases, separated by line breaks. The data was cleared from
white spaces – except single spaces in between words – and all phrases were con-
verted to lower case. Line-by-line alignment of the hypothesis to the gold-standard
was done manually using the diff tool Meld [102] (version 3.20.4) when needed.

3.6.1.2 Data Analysis

A Python script was written for the data analysis computations. For calculating
WER and WIL the Python package jiwer [103] (version 2.3.0) was used. Stemming
words and removing of stopwords for the WILsimpl calculation, was done using the
Python package nltk [104] (version 3.7) with the Snowball stemmer [105] (version
2.2.0). Code for calculation of Arec according to eq.2.3 was written in Python. To
achieve this, each phrase in the gold standard was manually labeled according to
their intended action. From this mapping, labels were transferred to the hypothe-
sis. Empty lines and phrases not contained in the gold standard were given an own
label. This grouping of phrases by label according to intended action, allowed for
checking whether registered phrases led to the action intended by the uttered phrase.

Figure 3.5 displays the Python code used to calculate Arec from the labeled data.
The calculated parameter values were collected in Tables 4.1 and 4.2 and are shown
plotted in Figures 4.9 and 4.10. A number of examples of misinterpretations made
by the VISAC system were also collected in Table 4.3.
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1 nbr_intended_actions_recognized = 0
2

3 for i in range(len( reference )):
4 if ( reference_labeled [i] == hypothesis_labeled [i]):
5 nbr_intended_actions_recognized += 1
6

7 A_rec = nbr_intended_actions_recognized /len( reference )

Figure 3.5: Python code used to calculate Arec from data labeled according to
intended action.

3.6.2 Usability Testing

The usability testing was performed during one day at the Örebro University Hospi-
tal Ambulance Department where six ambulance crew members participated in the
testing. Participants performed the test procedure one at a time in a private room,
together with the author. Each test session consisted of the following four phases:

Familiarization with the device The participants were given a sheet with in-
structions on basic usage and were then asked to familiarize themselves with the
VISAC system. They could ask questions and get advise from the author during
this familiarization phase. When they reported feeling comfortable using the system,
the next phase was initiated.

Performing of test cases Four test cases, each briefly describing a patient con-
tact, were provided with the instructions. These cases were now acted out, using the
VISAC system to record clinical observations. The participants were asked to fill out
the primary survey given the information provided for each case, according to their
own experience. They were told that no observations were regarded as “correct” or
“incorrect”. The author made observations on the process.

Questionnaire: System Usability Scale The participants were asked to fill out
the System Usability Scale questionnaire after they had performed the four patient
test cases. The participants were instructed to not think long before answering each
question and also to fill in the middlemost value if they could not give an answer.

Semi-structured interviews In the last phase, semi-structured interviews were
performed with all six participants. Interviews were conducted in Swedish and were
recorded by taking notes. The interview questions were chosen with the goal of
getting feedback on the user interface experience and use of the VISAC system in
service. As a last part of the interviews, the participants were asked to try the
VISAC system with TTS enabled. After filling out a few parameters, they were
asked about their opinions of the system reading back the input and also if they
would use this feature.
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Observation Strategies for entering information and handling errors were ob-
served while the participants performed the patient cases. Syntax used by AP in
speaking command phrases was noted.
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4
Results

The VISAC system is described in this chapter in terms of design choices that have
been made, together with results from the tests that have been performed on the
system.

4.1 The VISAC System

The VISAC system was constructed using the head mounted display HMT-1 and the
NUANCE Dragon Medical SpeechKit for speech recognition of Swedish medical ter-
minology. A command-based approach using a limited vocabulary was employed.
Acapela TTS was used for Swedish text-to-speech. The SpeechKit and Acapela
Software Development Kits (SDKs) were installed according to instructions in doc-
umentation. An overview of the finished VISAC system is shown in Figure 4.1. The
constituent parts will be further described below.

Figure 4.1: An overview of the VISAC system together with information inputs
and outputs (dotted arrows not implemented).
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4.1.1 Hardware platform
While the HoloLens 2 provides more screen surface, the HMT-1 provides a higher
quality visual experience in terms of colour accuracy and screen flicker. The waveg-
uide related visual distortions and the general obstruction of the field of view exhib-
ited in the HoloLens 2 visor are not present in the HMT-1. The HMT-1 has a lower
weight, a more robust build and a longer battery life, all three factors rendering it
a more usable device for the application at hand. Both devices have noise cancel-
lation. The HMT-1 being a fully voice controlled device, in contrast to the mainly
gesture controlled HoloLens 2, is more in line with the intended use in this project.
Neither of the devices have native support for Swedish dictation or Swedish text-to-
speech.

4.1.2 Nuance Dragon Medical SpeechKit
The Nuance Dragon Medical SpeechKit for Android is delivered as an SDK in the
form of a Java library. SpeechKit adds a control bar to the GUI (shown in Figure
4.2), which indicates status of the SpeechKit dictation and displays clickable items
for control of SpeechKit functionality such as pausing dictation or viewing user help
sections.

Figure 4.2: The SpeechKit control bar is added at the bottom of the speech enabled
activity. The green meter to the left indicates that speech is currently registered. The
color of the microphone icon to the right indicates whether the SpeechKit is listening for
commands or not. Green indicates listening and red indicates not listening.

After installation, SpeechKit is automatically available if any text input field exists
on screen and hidden when no text fields are available. Dictation is automatically
paused after 20 seconds of silence, and then needs reactivation. Both deactivation
and reactivation can be actuated manually as well as programmatically.

SpeechKit performs cloud based speech recognition, thus requiring an internet con-
nection. Nuance specifies a need for approximately 10 kB/s in both directions to
function adequately. The application registers with the cloud server by a user name,
which is bound to a specific voice profile. These voice profiles are automatically
trained during use of the service, adapting to the user’s voice.

4.1.2.1 Integration with the HMT-1

Integration of the “point-and-click” SpeechKit control bar, with the hands free voice
controlled HMT-1, posed several problems. SpeechKit does allow for programmable
voice commands but the recording of these commands is controlled via the SpeechKit
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control bar. The control bar in turn, is intended to be controlled via point-and-click,
while the HMT-1 uses voice commands for all navigation. Because of this, switch-
ing was needed between the native HMT-1 voice control and the SpeechKit voice
control, to avoid interference. Switching between these modes of voice control was
done by implementing a voice command in each mode, which switches over to the
other mode. The application is started in “SpeechKit-mode” and all application
commands are implemented in this mode. “HMT-1-mode” is used for system-wide
operations such as switching between applications. The only intended use of HMT-
1-mode inside the application is to reactivate SpeechKit-mode when this has been
paused.

The switching between RealWear-mode and HMT-1-mode is summarized in Fig-
ure 4.3. The HMT-1 device delegates control of the microphone using Android
Intents. The Intent ACTION_RELEASE_MIC can be broadcast to force the HMT-1
to release the microphone, allowing other services to use it. Likewise, the Intent
ACTION_MIC_RELEASED tells the HMT-1 to retake control of the microphone. These
intents are broadcast in the SpeechKit callback methods onRecordingStarted and
onRecordingStopped. In each mode a command is configured to allow switching
over to the other mode. Android is also configured to handle gentle return to HMT-
1-mode whenever the application is paused or closed. Without this configuration,
closing the application in SpeechKit-mode would leave the user without voice con-
trol of the device, as the microphone is not controlled by HMT-1 commands.

As the application was to be controlled in SpeechKit-mode, the WearHF graphical
overlay icons were deactivated in the application, to remove visual clutter. The soft
keyboard is not used in the VISAC application and needed deactivation as it is oth-
erwise displayed whenever a TextView is focused, taking up much of the screen space.

4.1.3 Information Handling
A ViewModel is created at application start and is used as a means for retain-
ing and distributing application wide data during the application lifetime. In the
ViewModel a ContentTreeItem is instantiated and data added from a locally stored
JSON-description. The ContentTreeItem is a Java object and was designed as a
representation of the state of selectable content in the application. An UML de-
scription of the ContentTreeItem is provided in Figure 4.4. The ContentTreeItem
aggregates MenuItems representing selectable categories, which in turn aggregate
DetailItems representing selectable attributes.
The ContentTreeItem is generated from a JSON object of the form described in
Figure 4.5. Commands appertaining to the respective categories and attributes can
be specified in the fields commandPhrases and localCommandPhrases. Commands
in commandPhrases will be active during the entire lifetime of the application, while
localCommandPhrases will be active only when the category is selected to which
the given attribute belongs. This is necessary in cases where the same attribute
exists in several categories.
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Figure 4.3: Sequence diagram describing switching between controlling the appli-
cation in HMT-1-mode and SpeechKit-mode. The application will enter SpeechKit-
mode at start and the user can then switch between modes. In HMT-1-mode, the
application can also be closed, which is omitted from the diagram.

Each command in a commandPhrases- or a localCommandPhrases-listing will be
collected in an ItemCommandSet. The ItemCommandSets are then used to connect
that collection of commands to the same intended action, e.g. selecting a specific
available attribute. The ItemCommandSet is an adapter for the SpeechKit-object
CommandSet. An UML description of the ItemCommandSet object is provided in
Figure 4.6.

Commands for deselection are automatically formed when generating the Content-
TreeItem. Each specified command is assigned three deselect commands by respec-
tively prepending the phrases “avmarkera”, “avregistrera” and “ta bort” (meaning:
“deselect”, “make unmarked” and “remove”) to the specified command phrase.

4.1.4 User Interface
The user interface has a voice component and a graphical component. The graphical
component is exemplified in Figure 4.7 and is generated from the ContentTreeItem
held in the application ViewModel. The graphical component of the user interface
is only meant to give the user an overview of the current state of selections made, as

34



4. Results

Figure 4.4: UML description of the ContentTreeItem object design. Get- and
set-methods for private variables are omitted. “0..*” denotes aggregation of zero or
more children.

1 {
2 " resourceType " : " ContentTree ",
3 " menuItems " : [{
4 "title" : " Category 1",
5 " commandPhrases " : ["", ""],
6 " detailItems " : [{
7 "title" : " Attribute 1:1",
8 " commandPhrases " : ["", ""],
9 " localCommandPhrases " : ["", ""]

10 }, {
11 "title" : " Attribute 1:2",
12 " commandPhrases " : ["", ""],
13 " localCommandPhrases " : ["", ""]
14 }
15 ]}, {
16 "title" : " Category 2",
17 " commandPhrases " : ["", ""],
18 " detailItems " : [{
19 "title" : " Attribute 2:1",
20 " commandPhrases " : ["", ""],
21 " localCommandPhrases " : ["", ""]
22 }, {
23 "title" : " Attribute 2:2",
24 " commandPhrases " : ["", ""],
25 " localCommandPhrases " : ["", ""]
26 }
27 ]}
28 ]
29 }

Figure 4.5: JSON object description of a ContentTreeItem with two categories
containing two attributes each. Command phrases are here indicated with empty
strings for readability.
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Figure 4.6: UML description of the ItemCommandSet adapter object. Get- and set-
methods for private variables are omitted. For the SpeechKit classes CommandSet
and Command, only relevant variables and methods are shown.

well as some additional information such as the name and personal number of the
patient whose record is being edited.

Voice commands are used for selections and deselections. When a selection is made,
this is recorded in the ContentTreeItem and the graphic user interface is updated
together with a notification sound. The user can also switch mode to having the
selected attribute be read out using TTS, instead of the notification sound being
played.

4.1.5 Program Flow
At application start, the user is presented with a table specifying available categories
and their respective attributes. The user can then utter phrases such as det är stopp
i luftvägarna (the airways are occluded), andningen är ansträngd (the breathing
is forced) or patienten är fullt vaken (the patient is fully awake) as well as simpler
phrases akin to cirkulation normal (circulation ordinary). The complete list of avail-
able phrases can be found in Appendix A.

Output to and input from the user are local-only in the current implementation.
The JSON specification of the ContentTreeItem as well as the patient information
are stored on the device. In a production environment this would instead be loaded
from a server, presenting the user with new content trees as selections are made and
surveys finished. The user selecting an attribute currently results in a FHIR message
(shown in Figure 4.8) being written to the terminal. After adding a FHIR payload
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Figure 4.7: The VISAC graphical user interface. Selected category is marked with
a gray background, selected attributes with a purple background.

to each selectable attribute, the respective payloads could be sent to a server on
selecting an attribute, together with metadata such as a timestamp, SNOMED CT
code, patient information and AP information.

1 {
2 " resourceType " : " Observation ",
3 " status " : " preliminary ",
4 "code" : {(not implemented )},
5 " subject ": {
6 " reference ": " Patient /890611 -3066" ,
7 " display ": " Marielle Lindgren "
8 },
9 " issued ": "2022 -03 -12 T16:54: 12.458" ,

10 " performer ": [
11 {
12 " reference ": " Practitioner /f005",
13 " display ": "First Last"
14 }
15 ],
16 " valueString " : " Oregelbunden "
17 }

Figure 4.8: A mock-up of a FHIR message that could be sent to a server when se-
lecting an attribute. The “code”-value could be e.g. a SNOMED CT code describing
the category of the selected attribute.

4.2 Test Outcomes
Testing of the VISAC system was two-fold. Speech recognition capabilities were
evaluated at noise levels between 30 and 93 dB(A) and usability was evaluated with
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AP at Örebro University Hospital by questionnaire (System Usability Scale) and
interviewing. The results are described below.

4.2.1 Recognition of Command Phrases
Speech recognition test results are presented below for each noise level, both when
using recognition of commands and dictation. Table 4.1 presents values calculated
for the complete data sets, 240 phrases (737 words in total, 48 unique words).
Not every uttering of a phrase was recognized by the VISAC system, thus empty
responses are registered for some of the phrases. The number of such missed phrases
are noted in the column “empty responses”. Table 4.2 presents values for the same
parameters, calculated on filtered data sets, where phrases that returned empty
responses have been removed prior to the calculations. The number of remaining
phrases is noted in the column “non-empty responses”. Figures 4.9 and 4.10 present
the calculated values as plots. Because the parameters WER, WIL and WILsimpl

quantify errors, a small value will denote a small error-percentage, meaning better
performance. Keep in mind that Arec quantifies recall, meaning that a higher value
will instead mean better performance.

30 65 80 93
Noise [dB(A)]

0
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50

75

100

%

Speech Recognition Test Results (including empty response phrases)

Arec command
WER command
WIL command
WILsimpl command
Arec dictation
WER dictation
WIL dictation
WILsimpl dictation

Figure 4.9: Speech recognition when including all phrases that were spoken but
not recognized, and thus resulted in no response. Filled markers denote tests using
SpeechKit commands and hollow markers tests using SpeechKit dictation. Note
that only for Arec, higher reported percentage means better performance.
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Table 4.1: Speech recognition when including all phrases that were spoken but not
recognized, and thus resulted in no response.

dB(A) Arec WER WIL WILsimpl
empty responses

(of 240)
Using SpeechKit 30 0.85 0.36 0.42 0.20 33 (13.8 %)

commands 65 0.75 0.49 0.55 0.32 55 (22.9 %)
80 0.51 0.63 0.70 0.48 66 (27.5 %)
93 0.41 0.68 0.73 0.61 104 (43.3 %)

Using SpeechKit 30 0.27 0.59 0.77 0.57 0 (0.0 %)
dictation 80 0.05 0.87 0.96 0.90 36 (15.0 %)
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Speech Recognition Test Results (excluding empty response phrases)
Arec command
WER command
WIL command
WILsimpl command
Arec dictation
WER dictation
WIL dictation
WILsimpl dictation

Figure 4.10: Speech recognition when excluding all phrases that were spoken but
not recognized, and thus resulted in no response. Filled markers denote tests using
SpeechKit commands and hollow markers tests using SpeechKit dictation. Note
that only for Arec, higher reported percentage means better performance.
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Table 4.2: Speech recognition when excluding all phrases that were spoken but
not recognized, and thus resulted in no response.

dB(A) Arec WER WIL WILsimpl

non-empty
responses (of

240)
Using SpeechKit 30 0.98 0.21 0.28 0.06 207 (86.3 %)

commands 65 0.97 0.27 0.36 0.08 185 (77.1 %)
80 0.71 0.47 0.57 0.27 174 (72.5 %)
93 0.73 0.43 0.53 0.29 136 (56.7 %)

Using SpeechKit 30 0.27 0.59 0.77 0.57 240 (100 %)
dictation 80 0.06 0.84 0.95 0.88 204 (85.0 %)

Some interesting and typical speech recognition errors from the noise test sessions
are tabulated in Table 4.3. Results from all four noise levels are shown for commands
and dictation respectively. Common errors include missing complete phrases and
missing part of a phrase. Note that for commands, misinterpretations will result in
blank fields if the misinterpretation does not exist in the set of available commands.
For dictation, a misinterpretation will never be blank, as long as VISAC can hear the
user speaking. This is also the reason as to why the percentage of empty responses
in Table 4.1 is much lower for dictation than commands, and why some dictation
results are deviating considerably from the gold standard.

Table 4.3: Registered phrases for all test cases when uttering reference phrases.
Chosen phrases are selected to show errors of interest or typical errors found in the
data set.

Gold standard Commands Dictation
30 dB(A) 65 dB(A) 80 dB(A) 93 dB(A) 30 dB(A) 80 dB(A)

vi har fri luftväg ofri friluftsdag jag friluftsdag
luftväg fri luftväg fri luftväg fri luftväg fri luftväg fri luftfärd fri i
ofri ofri ofri fri ofri ofri
vi har ofria luftvä-
gar

luftvägar luftvägar ofria luftvägar luftvägar

patienten har ofri
luftväg

patienten har ofri
luftväg

patienten har ofri
luftväg

patienten har
friluftsdag

patienterna har

vi har inte fri
luftväg

inte fri det är inte
friluftsdag

jag inte frilufts-
dag

luftvägen inte fri luftvägarna inte
fria

luftvägen inte fri luftväg luftvägen luftvägar inte fri det verkar inte bli

det är ej fria luftvä-
gar

ej fri ej fria det är ju fria
luftvägar

det är friluftsdag

luftvägar är ej fria luftvägar ej fria luftvägar ej fria luftvägar ej fria luftvägar ej fria luftvägar i fyra luftvägarna lite
nya

luftvägen ej fri luftvägen ej fri luftvägen ej fri luftvägarna luftvägen ej fri luftvägarna i frid i
vi har stopp i
luftväg

luftväg neurologi stopp i luftvägar det luktar

det är stopp i
luftvägarna

andning luftvägar luftvägarna det stopp i luftvä-
garna

stopp i luftvä-
garna

patientens andning
är nedsatt

patientens and-
ning är nedsatt

patientens and-
ning är nedsatt

andningen ned-
satt

presenter samlin-
gen nedsatt

patientens and-
ning nästa

ingen andning ingen andning ingen andning ingen andning ingen andning ingen aning ingen aning
det är pulslös cirku-
lation

cirkulation det kostar cirku-
lation

twitter sticka

cirkulationen är
pulslös

cirkulationen pul-
slös

cirkulationen pul-
slös

situationer / situationen

vi har trycklös
cirkulation

trycklös trycklös trycklös det cykla cykla gå +

det är trycklös
cirkulation

trycklös trycklös patientens luftväg
fri

luftväg uttryckliga cirku-
lation

det ryktas situa-
tion

fyllig fyllig fyllig fyllig fyllig i
cirkulation tunn cirkulation tunn cirkulation tunn cirkulation situation tum situation
vi har en medvet-
slös patient

medvetslös pa-
tient

medvetslös pa-
tient

medvetslös pa-
tient

medvetslös pa-
tient

jag är medvetslös
patient

jag är medvetslös
patient

desorienterad desorienterad desorienterad desorienterad desorienterad desorienterad
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4.2.2 Usability Testing

Tests were performed together with six ambulance crew members at Örebro Uni-
versity Hospital Ambulance Department during one evening shift. Responses have
been degendered and shuffled for anonymization.

4.2.2.1 The System Usability Scale

The SUS scores given by the six participants had a mean of 63.75 points and a
median of 66.25 points out of 100. The individual scores are given in Table 4.4.

Table 4.4: SUS scores given by the six participants in the system testing session.
Mean: 63.75, Median: 66.25

participant 1 2 3 4 5 6
SUS score 67.5 77.5 32.5 65.0 97.5 42.5

4.2.2.2 Semi-structured interviews

The content of the interviews is recorded below. The notes that were taken have been
translated and transformed for presentation by the author. The topmost response
corresponds to the same respondent, and so on, for all questions.

How natural did you find using VISAC?

Very natural. The way of speaking is akin to what is used in training, where the
ABCDE-procedure is used.

Completely natural.

Not very. Never used a system like this before. Would like better comfort and more
experience with the device.

Not at all. It felt cumbersome. Would work in a calm situation but not in an hectic
one. That would be stressful. Would want the device to be lighter and more as a
part of the user, not as something one is wearing. Would also want more experience,
to know what commands are available and how they should be spoken.

Not very natural as it is the first time. After a weeks practice one would know
the application flow, what words work and what don’t as well as how to act when
something goes wrong.

Not very natural wearing something that is attached to oneself. Would rather have
a separate device to speak to, e.g. mounted in the car. It gets in the way between
oneself and the patient.
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What problems did you run into during use?

The vocabulary was lacking. Solved by choosing the closest option.

When you move around, the screen needs adjustments. The device falsely recognizes
speech from surrounding speakers as commands.

The device did not recognise what was said. Changing the order of words did help.

Hard to see the screen. The available words and phrases were not natural. Normally
one speaks more like “bedömer att luftvägen är fri”.

It was hard figuring out in what order to say certain words.

Not enough alternatives existed. Had to chose something “close enough”.

Did you notice any changes in your behaviour while using VISAC?

No.

Was held up and could not advance because alternatives were lacking. Had to figure
out what to choose.

The difference to using the MobiMed device is that you say the words out loud
instead of pointing and clicking.

VISAC forces one to adhere to a work flow. Structuring the information into the
ABCDE categories is normally done in hindsight. VISAC also forces more verbosity
between the crew members. Generally a lot of what is going on is inferred from the
situation by each member without being explicitly stated. Would like more alterna-
tives to achieve better precision in clinical description.

Tried not to look at the screen, but still continued doing this. This, and figuring
out what to say to be understood by the system, took focus off of the task.

A bit uncomfortable to work in a manner that is not familiar.

How would VISAC affect your everyday work?

The speech recognition may not work well with a lot going on in the ambulance.
Multiple people speaking and noise from the vehicle. In a trauma case, with a time-
critical patient, a system like this will not be used. In a case like that, only vital
parameters will be taken with the MobiMed system. VISAC is a great system for
the common 80 % of cases, but not for emergency cases.
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Less to write when in the ambulance. Free hands, MobiMed requires both hands
for use. Be able to dictate the journal while both crew members are working with
the patient. In emergency cases the crew are still to this day taking notes of vital
parameters on their gloves.

VISAC would make filling out patient journals much easier as it documents while
work is being conducted. This way things might be retained that would else be
forgotten, if there is no time to take notes during an encounter.

VISAC would be helpful up until the point where miscommunication happens. Hav-
ing to solve problems that emerge with VISAC takes focus off of the work at hand.

If the speech recognition works well, it would be helpful. Writing by hand is not
that hard anyway. Good support when one wants to capture the gist of the situation
now and fill in details later. Needs to be quick and reliable.

During a patient encounter, what benefits and detriments do you see
with VISAC?

The patient might find it odd speaking to a device, which is a detriment. Some
react negatively to the use of a mobile phone or the MobiMed system.

Free hands is a benefit. A detriment is that focus is split between VISAC and the
patient, who might wonder whom one is speaking to. The device could seem odd to
the patient.

This version of VISAC would be very straining to use. The device itself would need
constant adjustments and might fall off when crouching or bending over, which is
done regularly.

Especially older patients could be uncomfortable with the device.

Frees up hands but is in the way between the caregiver and the patient, who might
wonder who one is speaking to.

The patients might find the device odd, which is a con. On the pro side, VISAC
could make working with the patient journal easier and provide the emergency de-
partment with information at an earlier stage.

How could that which is shown on the screen be made clearer?

More alternatives. A backup touch-based system if VISAC does not function.

It is clear enough as is. Maybe a different color for the selected category alternative.

43



4. Results

It was pretty clear once the display was properly positioned.

It is pretty clear as is.

Maybe higher contrast.

It is clear.

What are your thoughts on VISAC repeating selected attributes?

This function is superfluous as one can see what was entered on the screen. The
patient record will be checked before signing it, anyway. This feature exists in the
on-car systems but nobody uses it.

It is good to get a second check that the correct information was entered. This
would be useful in some environments. In busy environments it could take focus off
of the task, but also be helpful for clarity.

The function provides a “closed loop”. It assures the speaker that the device per-
formed the correct action. The function might be good to be able to turn off,
depending on the situation. E.g. it could be distracting in a critical situation.
Could also be distracting if one listens to VISAC and misses what the patient is
saying.

If the screen is there, the function is not needed, but some sort of indication is
necessary. It is probably a question of getting used to.

The short audio signal is enough, as one is able to simply glance at the screen to
see what was filled in. Would not use the repetition function.

Might be useful but would not use as it would take time to listen to the repetition.
Also doesn’t like that the repetition makes sound.

Observations made by the author during the test session

Attempt to use command “<given name> har fri luftväg”. Solves unrecognized
command by switching “<attribute> <category>” to “<category> <attribute>”.

One participant who methodically puts short waits in between phrases has good
outcome on recognition while another participant who is very verbose and acts the
patient encounter out has bad outcome. Finally reverts to using only one-word
phrases, which then work well.

For one participant a confirming “mmh” while conversing with the author is repeat-
edly registered as “neuro”.
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At one point VISAC registers its own repetition of an entry as a command, and thus
gets stuck for a few loops.

Most participants conform to using commands as the words are laid out on the
screen and speak in the manner “<category> <attribute>”. This is especially true
after the system fails to register their uttered phrases. (Whether the phrases they
failed in using are supposed to work or not.)

The device frequently registers conversation between participants and the author as
commands. This is true both when VISAC is equipped and when it is lying on the
table by itself.
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The construction of the VISAC system had few constraints in the early phase and the
end product is one outcome among many possible solutions; the result of successive
decisions and several pivots. Below are a few suggestions, pointers and comments
that might prove helpful for someone aiming to refine VISAC or a similar system.
Interesting or odd results are also discussed.

5.1 Hardware Components
At the beginning of this project, decisions needed to be made on both which tar-
get system to use for development, as well as what software components to use
for adding speech recognition capabilities and text-to-speech (TTS). As it was not
known to the author what software was available and what software and hardware
combinations were compatible, information about this was studied for making a
choice. The outcome is presented in Sections 3.3 and 3.4. The choice of HMT-1
over HoloLens 2 is certainly correct for a production system, as the HoloLens 2,
being too fragile, would not be able to cope with the working conditions of AP. For
research purposes it is still an interesting platform and has seen some research on
use as a heads-up-display in military medical situations [43]. The 3D environment
allows for displaying a lot of information, but the visibility of the information is not
great: holograms have low resolution, low contrast and become dimmed in brightly
lit surroundings.

The HMT-1 does have drawbacks as well. About half of AP trying the device on
found it hard to get a good view of the display through the viewfinder and to po-
sition the viewfinder correctly. The author found that this becomes easier with
experience. Still, manual adjustments were needed during use, often demanding
both hands. The user bending their neck or changing their pose when squatting
down from a standing position is enough for adjustments to be needed. This could
be a serious problem in a live scenario and renders the system less hands free. Sev-
eral different straps for mounting the HMT-1 to the user’s head are available from
the producer. Only one such (the overhead strap) was available during this project.
Other straps may perform better in holding the device steady. A difference in how
well the device remained in position was also noted between users with shorter or
longer hair, as long hair tends to be more slippery than for example buzz cuts.

In the interviews, AP were dubious that the device would interfere in the contact
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with patients and that patients would find the device odd and confusing, when AP
speak to a third party whom the patient cannot see. This might become less of
a problem as voice user interfaces become more prevalent. Certainly this design
aspect needs attention as the well-being of the patient is paramount. A less visually
accentuated design might make the interaction with VISAC passable as a phone
call, which should be recognizable and not disturbing to most Swedish citizens.

In a scenario where natural language can be used to communicate with VISAC, or
where the available commands are well known to the user, having a display might
not be of importance for using the system. As the VISAC hardware is fundamen-
tally an Android device with a good noise canceling microphone – in the mentioned
scenario – the use of a headset with microphone and earpiece would provide the
benefit of being lighter, less conspicuous and better secured to the user. A screen-
based Android device, such as a phone or tablet, could be used if only occasional
visual feedback was needed. This would also add a second mode of input via the
touch screen and allow for a free choice of microphone to use.

Using a contact microphone, such as a throat microphone, might help in mitigating
noise as well as help in rejection of speech from external speakers. Using a throat
microphone alters the recorded sound considerably, but not beyond recognition to a
human. Speech recognition for this scenario would probably need training on a data
set specific for throat microphones. The filtering effect of throat microphones has
been modeled as a low pass filter with a cutoff frequency of 300 Hz [106]. Performing
tests with a throat microphone would be interesting to do in future studies.

5.2 Primary Survey Application
The early process of familiarization with the Android APIs shaped the direction of
the project and the design of the first assessment application. This might have been
detrimental to the end result and involving AP in the early design could have led to
a more purposeful and user centered design.

A naive attempt of using the HMT-1 native support for English commands for use
with Swedish was done early on in evaluation. This approach has serious limitations
as the pronunciation differs severely between the languages. Adding a Swedish word
and pronouncing it “with an American accent” functioned relatively well but is not
fit for a production system as the user should be able to speak in their natural voice.

The choice of using SpeechKit commands rather than SpeechKit dictation was made
because a method of directing program actions depending on spoken commands was
needed. Commands provided this functionality, while dictation would have de-
manded development of a method for extracting user intent from dictated content.
Dictated text is meant to be manually corrected in parallel during dictation, for
the SpeechKit system to be trained on the user’s voice. Such correction can not be
expected to be conducted in a production system during a patient encounter, which
would be a detriment of using the dictation mode.
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User specific voice models are used by SpeechKit. These could be loaded when a
specific AP logs on to the system, as each AP would need to be identified in order
to keep track of who made what observations and for signing the patient record
upon completion. One voice model will work with several users – as was exemplified
in testing of VISAC where all participants used the same untrained voice model.
Also without manual training, the models seem to be trained. The author noticed
differences in performance for words frequently used during development, between
an unused voice model and the voice model that had been used during development
by the author.

For use with standardized clinical terminology, such as SNOMED CT or LOINC,
the command-paradigm lends itself well, as specific commands can actuate trans-
mission of specific predefined clinical terms. Standardized clinical terminology codes
can also be used for defining the observed values in the FHIR Observation that
is sent upon selecting an attribute. This can be done by exchanging the attached
“valueString” for a “valueCodableConcept”.

One drawback with the command paradigm is that the set of available command
phrases needs to be defined and generated. No obvious good solution for this has
been found during the writing of this thesis. Naive morphological generation has
been used, together with manual editing of the results. This has shown to be a time
consuming process. In generation of command phrases, search-and-replace was used
effectively for different attributes in the same category, indicating that there might
exist a set of grammars which can be reused for generation of disparate sets of com-
mand phrases. This might allow for less information needed in the specification of
voice commands sent to VISAC, if rules for such sets can be stored locally and ref-
erenced for the generation of commands instead of transmitting a long list of phrases.

Command phrases should be chosen in a way that mimics the natural speech pat-
terns of AP, while maintaining standardized clinical terminology. In this thesis,
redundancy was introduced by adding command phrases of many possible combi-
nations of a set of words, which convey the same message. It became obvious in
testing that most combinations were never used, and the AP conformed to similar
grammars. Most notably defaulting to “<category> <attribute>”, when their first
try, or a few tries, did not succeed. Standardized speech is helpful both for data
processing purposes as well as for maintaining clarity in communication between AP.

5.3 Testing of VISAC
In system testing, it became obvious that the vocabulary was severely lacking for
the application to fulfill the use case. Available attributes were not chosen properly
and sometimes overlapped, while at other times, needed complementing. This was
partly due to a larger final set of terms being expected to be used at time of selecting
vocabulary, than what was finally achieved. Lack of time hindered adding a large
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vocabulary to the application; A feature that was asked for in the first user evalua-
tion with AP in order to gain greater precision in clinical recording. Completeness
of clinical terminology was not prioritized towards the end of the project as adding
selectable attributes demands time for generation of command phrases as well as
some way of displaying the attributes to the user. The final application does not
have a scroll function, and can thus not display more options than what can be
fitted on screen at one time. The system allows for use of more command phrases,
but all commands can then not be displayed in the GUI at the same time.

Possible solutions are adding horizontal scrolling, e.g. using the gyroscope in the
HMT-1. Another option is to not show all attributes, and instead just show a sub-
set, or none of the attributes. Selected attributes could be shown, while hiding
unselected attributes. A solution like this is less cluttered, and would work well if
the vocabulary was complete or nearly complete, so that AP know what attributes
are available for reporting. There is likely to exist an Android View element which
can easily be used for implementing scrollable lists with the layout of the final ap-
plication. RecyclerView, which was used in the first version of the application does
have scrolling. In the final version Tables were used as these involve less boilerplate
code due to a simpler API and thus were quicker to revert to in implementing the
final application.

During system testing, many false registrations of commands were noted. The de-
vice being constantly listening for commands is a problem, especially if rejection of
external speakers can not be achieved. Using a command such as “VISAC start”
and “VISAC stop” could make use cumbersome. Stopping VISAC completely from
listening to commands would make it impossible to use a voice command to reac-
tivate listening. Not deactivating listening completely, on the other hand, could
result in the reactivation command being mistakenly recognized. The reactivation
command thus needs to be chosen carefully. The HMT-1 does have a programmable
button on the side, which could be used for starting and stopping VISAC listening.
Using this would make the device less hands free which might be a problem in some
cases. Multiple modes of control might be the safest solution and could also include
e.g. using the gyroscope.

During the user tests, VISAC got stuck in a loop for a few iterations, when TTS was
active and the device mistakenly recognized what was repeated by the device itself
using TTS, as if it was a command phrase. Using an earpiece would remove the
problem and simultaneously make it less likely that patient personal information is
exposed to an unauthorized bystander. If VISAC provides decision support via an
earpiece, this information would not be heard by the partner AP, which might be
detrimental to the common task, but also not by bystanders for whom the informa-
tion is not intended to be disclosed.

White noise was used in the tests. It is unknown how good a model this is for ambu-
lance noise. It is unlikely that ambulance noise would follow the uniform frequency
distribution of white noise. This was chosen as no objectively representative noise
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was available and white noise generation tools are readily available. Adding white
noise effectively raises the noise floor and is probably more “frequency dense” than
real ambulance noise, which should be unequally concentrated with more energy at
certain frequencies of the sound spectrum. Increasing the white noise amplitude
should directly decrease the signal to noise-ratio. The test should thus be able to
measure the noise rejection capabilities of the HMT-1 microphone array. In this,
the positioning of the stereo speakers relative to the user could have an effect on
noise rejection as the HMT-1 microphones might show better rejection capabilities
in certain directions. The method for producing the white noise, implemented in the
application Noice, is unknown to the author and also affects the exact noise profile
produced.

A-weighted dB-measurements were used as this is a frequently reported sound level
measurement. A-weighting – which models the human ear – might not be optimal
for evaluation of speech recognition systems, as these use microphones which are not
necessarily A-weighted and might put emphasis on sound content differently than
the human ear does.

5.4 Test Results
For the speech recognition tests, it should be noted that the speaker voice level was
not measured. The voice level was thus not held constant between the different noise
level tests. This introduces an important source of inconsistency in measurements.
Granted, that humans normally raise their voice when the environment in which
they speak is noisy, this voice level difference might not be a problem per se, but it
makes comparing the measurements less reliable. Between Figures 4.10 and 4.9, it
can be noted that the parameters calculated for using SpeechKit commands deviate
differently at 80 dB(A) than for the other noise levels. In other words: among ut-
terances recognized by VISAC as speech, VISAC was better at correctly recognizing
the uttered phrase for 80 dB(A) noise than for 93 dB(A) noise. The reasonable
conclusion is that the phrases were spoken more loud or more clear, relative to the
noise level, at 80 dB(A) than at 93 dB(A). This emphasizes the need for controlling
the voice sound level as well as the clarity of speech. A simple solution would be
to pre-record the phrases and choose a set sound level when playing this recording
during testing.

A word accuracy of between 90.6 and 99.1 % in a SpeechKit dictation-based sys-
tem during quiet conditions has been reported [29]. These percentages are noted as
“accuracy” and it is unclear from the article whether they are acquired from WER
calculations or not. WER is the only stated method of measuring speech recognition
performance, making it plausible that these percentages correspond to WER-values
even as they are reported as “accuracy”. If this is the case, they correspond to
WER-values of 0.14 and 0.09 respectively. VISAC performed substantially worse
than this with a WER of 0.59 in quiet conditions. The article used SpeechKit for
German and French, which might affect the results. The clarity of speech is also a
variable that is probable to differ between these two projects. Additionally, what
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kind of phrases are spoken is certain to affect the outcome. SpeechKit’s utilization of
LSTM in dictation is likely to result in better recognition performance for sentences
longer than a few words.

This marked difference in WER between commands and dictation indicates that
using commands is the better choice for the application at hand. This assessment is
supported by the WIL and WILsimpl, both showing a 30 % lower loss of information
when using commands compared to dictation, in quiet conditions. Studying the Arec

and WIL for commands, we note that even with 42 % of word information lost for
quiet conditions, 85 % of uttered commands resulted in the intended action. Adding
redundancy by allowing similar phrases for the same action thus seems to have been
useful. The Arec-parameters also indicate that for dictation, registered phrases are
part of the correct command set only in 27 % of cases for quiet conditions and only
5 % at 80 dB(A). Together with the knowledge of much smaller difference in WER
between dictation and commands, this indicates errors in words that carry action-
able information, rather than errors in many of the words of a phrase.

With increasing noise levels, the number of phrases that were not registered at all
increased, culminating at 43 % for 93 dB(A). This loss of spoken phrases accounts
for a large part of recognition problems. When disregarding empty phrases, 98 % of
commands resulted in the correct action in quiet conditions and 75 % at 93 dB(A).
All in all, recall of command intent was measured to be between 50 % and 75 %
at 80 dB(A) – noise levels found inside an ambulance – and about 85 % in quiet
conditions. Command phrases with the prepended phrases “patienten har”, “det
är” and “vi har” were often not correctly recognized or returned empty responses.
This is exemplified in several variations in Table 4.3. As the command phrases are
long, the risk of introducing errors that make the phrase unintelligible might in-
crease. Further analysis on such properties of different types of commands could be
interesting to do. Some command sets contained more phrases than others, which
might also be an interesting parameter to explore to see where interference between
command sets begins to be a problem.

AP user tests resulted in a SUS mean score of 63.75. This is slightly below that of a
“passable” score of 70. Several AP noted the need for a more complete vocabulary
for the application to be functional. AP were predominantly skeptical towards using
VISAC with TTS, stating that this could be distracting. TTS could also potentially
share patient personal information with people that are close by if an earpiece is not
used.
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The field of HMDs for prehospital use is leaving its infancy. There are several man-
ufacturers of HMDs for different use cases and prehospital healthcare has already
seen application of HMDs in Norway. This thesis has explored the feasibility of a
voice interface for Swedish ambulance care from contemporary commercially avail-
able hardware and software. A pilot system was constructed and tested with AP at
Örebro ambulance department.

The VISAC system uses the head mounted display HMT-1 (RealWear, Inc., United
States), the Dragon Medical SpeechKit (Nuance Communications, Inc., United
States) and the text-to-speech engine Acapela TTS (Acapela Group, Europe) to
perform a naive ABCDE “primary survey” which is defined in the form of an HL7
FHIR resource. Utilizing a clinical coding standard such as SNOMED CT for cod-
ing of clinical terminology permits univocal communication of clinical measurements
and prepares for interoperability with other products used in the care chain.

Testing of the finished demonstrator product indicates low usability due to a small
implemented vocabulary. A method for extracting the relevant actionable informa-
tion from the users speech needs refinement for the product to be feasible in a live
environment. HMT-1 does function well with SpeechKit and the combination is ro-
bust to noise to at least 65 dB(A) but prone to register commands from surrounding
speakers. Rejection of external sources of speech and a method of determining when
VISAC is spoken to are needed for feasibility in clinical practice.
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A
Available Phrases in VISAC

Command phrases available to the user, sorted by selected category or attribute. In
total 240 selection phrases were available.

Category: Luftvägar
luftväg,
luftvägar,
luftvägen,
luftvägarna,

Attribute: Fria
fri,
fria,
vi har fri luftväg,
vi har fria luftvägar,
patienten har fri luftväg,
patienten har fria luftvägar,
det är fri luftväg,
det är fria luftvägar,
luftväg fri,
luftväg är fri,
luftvägen fri,
luftvägen är fri,
luftvägar fria,
luftvägar är fria,
luftvägarna fria,
luftvägarna är fria,
patientens luftväg fri,
patientens luftväg är fri,
patientens luftvägar fria,
patientens luftvägar är fria,
luftväg fri,
luftväg är fri,
luftvägar fria,
luftvägar är fria,
luftvägen fri,
luftvägen är fri,

Attribute: Ofria
ofri,

ofria,
inte fri,
inte fria,
ej fri,
ej fria,
vi har ofri luftväg,
vi har ofria luftvägar,
patienten har ofri luftväg,
patienten har ofria luftvä-
gar,
det är ofri luftväg,
det är ofria luftvägar,
luftväg ofri,
luftväg är ofri,
luftvägen ofri,
luftvägen är ofri,
luftvägar ofria,
luftvägar är ofria,
luftvägarna ofria,
luftvägarna är ofria,
patientens luftväg ofri,
patientens luftväg är ofri,
patientens luftvägar ofria,
patientens luftvägar är ofria,
luftväg ofri,
luftväg är ofri,
luftvägar ofria,
luftvägar är ofria,
luftvägen ofri,
luftvägen är ofri,
vi har inte fri luftväg,
vi har inte fria luftvägar,
patienten har inte fri luftväg,
patienten har inte fria luftvä-
gar,
det är inte fri luftväg,

det är inte fria luftvägar,
luftväg inte fri,
luftväg är inte fri,
luftvägen inte fri,
luftvägen är inte fri,
luftvägar inte fria,
luftvägar är inte fria,
luftvägarna inte fria,
luftvägarna är inte fria,
patientens luftväg inte fri,
patientens luftväg är inte fri,
patientens luftvägar inte
fria,
patientens luftvägar är inte
fria,
luftväg inte fri,
luftväg är inte fri,
luftvägar inte fria,
luftvägar är inte fria,
luftvägen inte fri,
luftvägen är inte fri,
vi har ej fri luftväg,
vi har ej fria luftvägar,
patienten har ej fri luftväg,
patienten har ej fria luftvä-
gar,
det är ej fri luftväg,
det är ej fria luftvägar,
luftväg ej fri,
luftväg är ej fri,
luftvägen ej fri,
luftvägen är ej fri,
luftvägar ej fria,
luftvägar är ej fria,
luftvägarna ej fria,
luftvägarna är ej fria,
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patientens luftväg ej fri,
patientens luftväg är ej fri,
patientens luftvägar ej fria,
patientens luftvägar är ej
fria,
luftväg ej fri,
luftväg är ej fri,
luftvägar ej fria,
luftvägar är ej fria,
luftvägen ej fri,
luftvägen är ej fri,

Attribute: Luftvägsstopp
luftvägsstopp,
vi har luftvägsstopp,
patienten har luftvägsstopp,
det är luftvägsstopp,
vi har stopp i luftväg,
vi har stopp i luftvägen,
vi har stopp i luftvägarna,
patienten har stopp i luftväg,
patienten har stopp i luftvä-
gen,
patienten har stopp i luftvä-
garna,
det är stopp i luftväg,
det är stopp i luftvägen,
det är stopp i luftvägarna,

Category: Andning
andning,
andningen,

Attribute: Normal
normal,
vi har normal andning,
patienten har normal and-
ning,
det är normal andning,
patientens andning är nor-
mal,
patienten andas normalt,
andas normalt,
andning normal,
andningen normal,
andning är normal,
andningen är normal,
patienten andas normalt,
andas normalt,

Attribute: Ansträngd
ansträngd,
vi har ansträngd andning,
patienten har ansträngd
andning,
det är ansträngd andning,
patientens andning är
ansträngd,
patienten andas ansträngt,
andas ansträngt,
andning ansträngd,
andningen ansträngd,
andning är ansträngd,
andningen är ansträngd,
patienten andas ansträngt,
andas ansträngt,

Attribute: Nedsatt
nedsatt,
vi har nedsatt andning,
patienten har nedsatt and-
ning,
det är nedsatt andning,
patientens andning är ned-
satt,
patienten andas nedsatt,
andas nedsatt,
andning nedsatt,
andningen nedsatt,
andningär nedsatt,
andningen är nedsatt,
patienten andas nedsatt,
andas nedsatt,

Attribute: Saknas
saknas,
andning saknas,
andningen saknas,
ingen andning,
ingen andning hos patienten,
andas inte,
patienten andas inte,
ingen andning,
patienten har ingen andning,
patienten saknar andning,

Category: Cirkulation
cirkulation,

cirkulationen,

Attribute: Normal
normal,
cirkulation normal,
cirkulationen normal,
vi har normal cirkulation,
patienten har normal cirku-
lation,
det är normal cirkulation,
normal cirkulation,
cirkulationen är normal,
patientens cirkulation nor-
mal,
patientens cirkulation är
normal,

Attribute: Pulslös
pulslös,
vi har pulslös cirkulation,
patienten har pulslös cirku-
lation,
det är pulslös cirkulation,
patienten är pulslös,
cirkulation pulslös,
cirkulationen pulslös,
cirkulation är pulslös,
cirkulationen är pulslös,

Attribute: Trycklös
trycklös,
vi har trycklös cirkulation,
patienten har trycklös cirku-
lation,
det är trycklös cirkulation,
patienten är trycklös,
cirkulation trycklös,
cirkulationen trycklös,
cirkulation är trycklös,
cirkulationen är trycklös,

Attribute: Fyllig
fyllig,
cirkulation fyllig,
cirkulationen fyllig,
vi har fyllig cirkulation,
patienten har fyllig cirkula-
tion,
det är fyllig cirkulation,
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fyllig cirkulation,
cirkulationen är fyllig,
patientens cirkulation fyllig,
patientens cirkulation är fyl-
lig,

Attribute: Tunn
tunn,
cirkulation tunn,
cirkulationen tunn,
vi har tunn cirkulation,
patienten har tunn cirkula-
tion,
det är tunn cirkulation,
tunn cirkulation,

cirkulationen är tunn,
patientens cirkulation tunn,
patientens cirkulation är
tunn,

Category: Neurologi
neuro,
neurologi,
neurologiska symptom,
Attribute: Fullt vaken
fullt vaken,
fullt vaken patient,
vi har en fullt vaken patient,
patienten fullt vaken,
patienten är fullt vaken,

Attribute: Medvetslös
medvetslös,
medvetslös patient,
vi har en medvetslös patient,
patienten medvetslös,
patienten är medvetslös,

Attribute: Desorienterad
desorienterad,
desorienterad patient,
vi har en desorienterad pa-
tient,
patienten desorienterad,
patienten är desorienterad
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