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Design for Integrating Explainable AI for Dynamic Risk Prediction in Ambulance
IT-systems

David Wallsten & Gregory Axton
Department of Computer Science and Engineering
Chalmers University of Technology

Abstract
Demographic changes in the West with an increasingly elderly population puts stress
on current healthcare systems. New technologies are necessary to secure patient
safety. AI development shows great promise in improving care, but communicating AI
decisions requires more research. In this study, a prototype of eXplainable AI (XAI)
was designed for an ambulance IT system, based on an AI model for risk prediction
of severe trauma to be used by Emergency Medical Services (EMS) clinicians.

Knowledge was gathered for the design through ethnography, expert interviews, and
a literature review. Then several ideas developed through stages of prototyping and
were verified by experts in prehospital healthcare. Finally, a high-fidelity prototype
was evaluated by the EMS clinicians.

The design was then evaluated by seven EMS clinicians. They thought that XAI was
necessary for them to trust the prediction. They make the final decision, and if they
can’t base it on specific parameters, they feel they can’t make a proper judgement.
In addition, the design helped in reminding EMS clinicians of things they might have
missed. If given a prediction from the AI that was different from their own, it might
cause them to think more about their decision, moving it away from the normally
relatively automatic process and likely reducing the risk of bias.

While focused on trauma, the design should be applicable to other AI models. Current
models for risk prediction in ambulances have so far not seen a big benefit from
using artificial neural networks (ANN) compared to more transparent models. This
study can help guide the future development of AI for prehospital healthcare and
give insights into the potential benefits and implications of its implementation. The
report also explores the ethical implications, the complexity of the ambulance work
environment and possible implications for cognitive decision processes.

Keywords: Computer, science, computer science, engineering, project, thesis.
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1
Introduction

1.1 Background
Healthcare in Europe is facing a major crisis with an ageing population. From 2007
to 2022, the median age has risen from 41.9 years 2007 to 44.1 years 2022(Eurostat,
2022) Figure 1.1. The same applies to Sweden, with the age group over 90 increasing
the most by percentage (SCB, 2022). This increases the demand for healthcare
systems with limited resources, creating a need for new solutions. The Swedish
Government has a goal to be leading in e-Health by 2025 because of this reason (Blix
& Levay, 2018). It creates demands on simple e-health solutions like SMS reminders
but also more robust data management (e.g. big data solutions) as well as advanced
decision support.

While necessary, the digital transformation of the Swedish healthcare system faces
many challenges. It’s important to take into account the usability and the work
environment of healthcare professionals when digitising healthcare. Otherwise, it
risks increasing stress levels of healthcare professionals and decreasing patient safety,
as stated by Sveriges Läkarförbund (The Swedish Medical Association, 2021). This
is just as relevant for IT systems in prehospital care and care outside the hospital.

A research group at Chalmers University, Care@Distance – Remote and Prehospital
Digital Health, are investigating multiple new technologies with the potential to
improve prehospital care. They include AI-driven decision support (Candefjod et
al., 2021), video-supported assessments in ambulances (Vicente et al., 2021), and
voice-controlled augmented reality interfaces (Kemppainen, 2022). The hope is to
make decisions faster, more efficiently and safer, often using big data tools with
wide combinations of data. It can be both structured, such as tabular data, and
unstructured such as long-form text or images. However, further user experience(UX)
research is needed to fully integrate these technologies into the workflow of ambulance
workers and determine the most effective means of presenting the results of the
decision support systems. The field of explainable AI (XAI), in particular, is very
new, with big needs for user studies (Antoniadi, et.al., 2021). XAI lacks a proper
technical definition, but key elements are interpretability, how much the model can
be understood, transparency, about how the model works, and explainability, giving
insight into the reasons for the AIs’ decisions (Antoniadi, et.al., 2021).

Currently, ambulance care uses different triage decision support systems, such as

1



1. Introduction

Rapid Emergency Triage and Treatment System (RETTS) or West Coast System for
Triage (WEST), a kind of checklist based on vital parameters, patient information and
warning symptoms. The problem with these systems is that they can be imprecise.
In the case of children, RETTS can lead to an over-triage of around 30% and the
same level of under-triage (Magnusson, 2021). Over-triage is when a case is rated
more severe than it is, leading to resource drain. Under-triage is when a case is rated
as less severe, leading to a high risk to patient safety. AI decision support systems
have the possibility to have higher precision than current systems. A particular AI
model is under development by Anna Bakidou et. al. (2023) at Care@Distance. It is
a general model for trauma triage, assessment and prediction for urgency and severity.
Bakidou’s model uses data usually collected at a hospital to make predictions for
the ambulance. Thus, a novel design is needed.

With Bakidou’s model as a base for the design, this project aims to investigate
how data from AI models could be presented in a way that fits into the ambulance
workflow. More importantly, the question of how to display the AI model’s prediction
is important to build trust and understanding with the ambulance workers, who are
ultimately responsible for making the final decision. And could this information be
displayed earlier than current systems, leading to quicker decision-making?

Figure 1.1: Population pyramids, EU 2007 and 2022 (Eurostat, 2022)

2



1. Introduction

1.2 Stakeholders
Care@Distanc ASAPs
Care@Distance ASAP (Acute Support Assessment and Prioritising) is a research
group based at Chalmers University with a vision to increase decision precision,
limiting errors in assessment, prioritisation and handling while also reducing time
to make decisions. Aims to improve remote and prehospital care using data fusion,
clinical decision support, AI/ML (Machine learning), telemedicine, and innovative
user interaction. Care@Distance ASAP is the main stakeholder for this project. It
provided valuable resources and insights within the healthcare sector input to drive
this project forward. The expectation is to gain influence by this study as a part
of the more prominent research. It may raise a discussion on the design aspect of
future systems and ongoing research.

PICTA
PICTA is a prehospital innovation arena funded by the region Västra Götaland (VGR)
as a part of Lindholmen Science Park. Their goal is to be a platform for research
sharing in the prehospital setting, to make individual projects inform each other,
driving progress forward. It is a collaborative platform for health care, academia,
and business organisations. Different governmental foundations, such as Vinnova,
fund projects run or supervised by PICTA. PICTA is not directly involved in the
development of this project. Elin Maxstad introduced us to her previous report
and provided us with the necessary information and contacts to drive this project
forward. Andreas Dehre, a former nurse and current teacher of ambulance personnel,
has provided us with his expertise and contacts as well, including inviting us to
the ambulance station in Gothenburg. PICTA has solid knowledge and experience
within prehospital settings and the implementation of new technology in this field.
PICTA does not expect anything in terms of deliverables and is involved solely by
self-interest, and will act as continuous support throughout the project.

Västra Götaland Region (VGR)
The Västra Götaland Region (VGR) is the governmental organisation that funds
healthcare in Västra Götaland including the city of Gothenburg. VGR is planning
to implement a new comprehensive healthcare system for all healthcare in VGR,
including prehospital care. The latter haven’t started development yet. To narrow
the scope of this project, it is focused on VGR instead of other regions, and basing
its design on the capabilities of the new IT system. Thus, this project could work as
a source of influence for any future ambulance system when it starts development.

Hospital
The emergency department (ED) at hospitals in Sweden are the departments that
have direct contact with the ambulance. ED collects valuable information such
as ambulance action and data like transportation, first medical treatment, patient
transfer and mission confirmation. In VGR, most of the data is given to the ED
through the delivery of a paper journal. In Halland, most of the data updated in
the ambulance are displayed in real-time at the ED station. The ambulance system
needs to cooperate with the system at the hospital, including phone calls directly
through the ambulance system, and synchronise the data that need to be reported to

3
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a doctor; therefore, the hospital needs to understand AI risk prediction and general
UI to gain a better workflow between them.

Third-party service developers
In the prehospital setting in Sweden, there are multiple IT system providers. The
biggest is CSAM with Paratus and Ortivus with Mobimed, according to our interview
with Bengt-Arne Sjöqvist, a healthcare researcher and industry veteran. The project
aims for the design to be able to be integrated into current systems, thus it is
important to take these companies into consideration. The design may then work as
an inspiration for future implementation of AI decision support.

1.3 Users

Primary users
The primary user is the EMS personnel who intervenes in EMS services. In this study,
We have divided the user into two groups: the Primary user and the secondary user,
based on who may have direct contact with the system. The primary users include
EMS nurses (usually taking decisions), EMS paramedics, EMTs, EMS volunteers,
EMS students, and EMS trainees. The primary user generally works in pairs that
vary in age, gender, experience and skill sets.

Secondary users
The secondary user consists of those who may display information indirectly through
the system under various circumstances, e.i. The EMS personnel share some info
with secondary users according to their needs. This may include the patient, the
patient’s family or relative, and the caretaker. In addition, the secondary users may
be described as witnesses and have less direct contact with the system.

1.4 Aim

This study aims to investigate a possible design for a future IT-This study aims to
investigate a possible design for a future IT-system with an integrated dynamic risk
prediction AI decision support tool. It will be based on an AI model trauma risk
prediction but should be applicable to other conditions and AI models. It aims to
act as inspiration for those working with developing the models, to get an idea about
how their models could be applied and how medical professionals might react to
them. It also aims to act as an inspiration for the healthcare services and industry, to
help them in generating ideas on how to integrate AI into their existing systems and
get inspiration for the interaction design of their general ambulance IT system. The
design should take cognitive resources into account, be based on usability research
and be adapted to the ever-changing work environment of ambulance personnel.

4
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1.5 Deliverable

The project is located in the city of Gothenburg, a part of VGR. Their current work
towards a new digital interface and the ease of access to local expertise and testers
makes this project focused towards VGR. At the same time, the project takes current
systems used nationally and internationally into account, likely making findings
applicable to a much wider market.

The deliverables are:

An interactive interface for explainable AI(XAI) output A wider interactive prototype
interface, imagining future utilisation of big data to increase speed and ease of use.
Needs to be able to be adaptable to any medical emergency where an ambulance
might be involved

1.6 Limitations

The project will be focused on the VGR region but should be adaptable to other
areas. It will take into account currently available technology but might adapt them
in ways currently not done in the prehospital field. This places the project with a
possible implementation of an estimated 5-8 years in the future.

Primary users, meaning ambulance personnel, will be the focus of the report. The
system however will have a heavy impact on secondary users, meaning patients,
relatives and bystanders. Having that in mind is important. In addition, ambulance
personnel might need to show the display to the secondary users in case they want to
explain something, or, it might be placed in a location where secondary users might
look at it. These factors need to be taken into account but won’t be a focus of this
study.

Due to a tablet being the primary hardware for digital interfaces in ambulances, this
will be the focus of the design. Phones should be a strong consideration since they
are also used in the ambulance but were out of scope for this project.

The AI input and output will primarily be based on trauma patients to create a focus
of the project and make the interaction based on real scenarios, but the interface
aims to work towards other scenarios as well. However, these will not be designed or
tested.

The user test will only test the initial experience of using the interface. A real
interface would be repeatedly used each day. How this daily interaction would impact
user behaviour will not be investigated. The same applies to the long-term use of AI,
and how this impacts trust and decision-making biases. Further, actual decisions
based on AI will only be investigated on a superficial level, since it would likely
require an unfeasible amount of users for significant results.
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1.7 Research questions
RQ1: How can a dynamic AI-driven decision support be designed to align with the
ambulance personnel workflow and work environment?

RQ2: How can a dynamic AI-driven decision support be designed to align with the
structure of current IT systems used in ambulances?

RQ3: How important is explainability for ambulance AI-driven decision support?

RQ4: How can AI decision support be explained and visualised to increase trust
and understanding of the system?

RQ5: How could AI-driven decision support impact ambulance workers’ cognitive
decision process?
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2
Context

The following chapter goes through the context of the ambulance work environment.
While the aim of the report is to apply to all ambulance systems, the focus is on
Sweden generally and the Swedish region Västra Götaland(VGR) specifically, mostly
due to its proximity to the authors, making it easier to study. Most of the contents
of this chapter are based upon information gathered from the interviews with experts
and ambulance personnel and relevant documents.

2.1 Ambulance organisation
Prehospital care is care that occurs outside of a hospital setting e.g. home, emergency
medical service(EMS) vehicle, and incident hot spots. In the case of emergency
ambulance care, providers include; EMS nurses or paramedics and emergency tech-
nicians (EMTs). The care provided in this setting is typically for patients who are
experiencing an acute medical emergency or trauma, such as a heart attack, stroke,
and vehicle accident. However, it can also be provided to less emergent cases only
requiring transport or patients that appear to be healthy enough to stay at home.

The purpose of ambulance care, in the case of acute cases, is primarily to stabilise
the patient’s condition while providing rapid transport to a hospital for further
treatment. Most of the time, there are two personnel in every ambulance, one driving
and one taking care of the patient. In most cases, they both take part in medical
decisions, although only one is fully responsible. The roles can be switched between
cases, or based on who has the most medical expertise.

2.2 Ambulance workflow
The following workflow (Figure 2.1) is primarily based on our ethnography research
conducted in Halland and VGR regions in Sweden.

Notification from SOS Alarm centre
The communication between SOS Alarm Centre and the EMS is done via the national
RAKEL system; however, this is used by the police and fire departments. EMS
personnel usually carry a telecom tool with this system, and every ambulance is
equipped with one unit. Whenever a mission is sent out from the SOS Alarm Centre
via the RAKEL system, this can be a prioritisation between 1-3 where a 1 is very
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Figure 2.1: The flowchart represents EMS general workflow and routines.

8



2. Context

acute and needs to be responded to as early as possible. Then the EMS personnel
needs to confirm it; an estimated arrival time is reported back to the SOS Alarm
centre, and that is when the mission begins.

Reach patient’s location
The EMS personnel read through a brief description of the mission from the Emer-
gency Medical Dispatch Centre (EMDC). If there is enough time, they can also view
some of the patient’s medical history through a laptop or a mobile phone in the
ambulance. With this information, the EMS personnel may get a better view of the
patient and prepare the appropriate equipment.

Assessment
When arriving at the patient’s location, an initial assessment examines the most
important vital signs, such as breathing and circulation. Suppose a life-threatening
acute emergency has not been found, the EMS personnel collects information by
interview and begins a physical exam for vital parameters (e.g. pulse and blood
oxygen saturation).

In the Halland region, these parameters can be transferred wirelessly to the IT
system, while in VGR, the parameters need to be written down on paper. Triage
systems such as Rapid Emergency Triage and Treatment System (RETTS) or West
Coast System for Triage (WEST) are used through a digital interface such as the one
in Halland or a pen & paper system practice in VGR. An encyclopaedia of symptoms
and treatment guidelines can help EMS personnel throughout the process. The
parameters will be noted, and when the investigation is done, the EMS personnel
converse about further actions in consultation with the patient, relative and or
healthcare staff through telecommunication. The patient must approve the care
decision when consent is possible, as the EMS nurses cannot force any treatment on
a patient unless necessary.

Treatment
There are four primary choices of action; the patient could be treated on the scene,
the patient should seek further care at a primary healthcare centre, the patient
needs to go to a hospital but can wait for a taxi or hospital transportation to take
them there or the patient needs to go to a hospital in an instant and is taken to the
Emergency department (ED) by the ambulance.

Transfer patient
When the patient is taken to a hospital; an acute patient medical record must be
completed beforehand and handed over to the emergency department in the hospital.
Region Halland and some other regions (e.g. Växsjö, Kronoberg) utilise a digital
record that can be transferred in real-time. In contrast, region VGR uses paper
journals that must be handed over in person. Parameters, medical history, and the
patient’s status are noted. The EMS personnel who provide the treatments on the
scene are noted as responsible for the medical decisions, such as triage and treatment.

Write a patient medical record journal
When the mission is completed after the patient is transferred to a hospital, the
rule of thumb is the EMS personnel has 20 minutes to finalise writing the patient’s
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medical record in a web-based system, such as Ambulink. This takes place where it
has access to a stationary desktop computer, often at the hospital or the ambulance
station, but most ambulance vehicles are equipped with a laptop where it can be
performed as well.

The ambulance typically receives a new assignment after 20 minutes. However, if
there is a new assignment with the highest priority no. 1, it can be set directly after
the previous one is completed. In these cases, the writing of the patient’s medical
record is postponed. In the worst-case scenario, the whole shift can go on without
having enough time to transfer the notes on paper (VGR) to the patient’s medical
record. Thus, it has to be done at the end of the shift instead.

The regions like VGR allow access to patients’ medical journal outcomes after visiting
the hospital. This allows EMS personnel to check the results (optional).

2.3 Triage systems
The triage system is utilised as a tool for nurses to help them prioritise patients.
Typically, the severity of cases is colour coded, with blue, green, yellow, orange or
red. From yellow and upwards, patients should be sent to a hospital. In the case of
red, the case is very urgent, with severe consequences if the patient does not receive
healthcare in time. Orange is also urgent but less urgent than red. Yellow means
the patient should be sent to the hospital but is not time-critical.

Several triage systems have been developed and established globally. However, the
most common use of the triage system in Swedish healthcare is RETTS, according
to Magnusson (2021). The system is based on vital parameters (VP), emergency
systems and signs, and patient information such as age.

VGR uses its system, WEST (Tran, Winkler, 2021). It is based on the South
African warning scale(SATS) (Figure 2.2), which categorises symptoms by severity,
and guides triage based on a step-by-step method, first looking for the most severe
symptoms and then going further. WEST also utilises the national early warning
score (NEWS) (Figure 2.3) that continuously considers VP, giving a severity number
based on how much lower or higher they are outside regular intervals. If one score
is very severe, it can be enough to give high priority to a patient. Otherwise, a
combination of scores is taken into account, and depending on how high the score is,
the patient has ascribed a coloured prioritisation level.

2.4 AI-driven decision support for Trauma
Although the project is supposed to work with different AI models, for the sake of
having a focus point, the project was based on an AI model for trauma prehospital
triage, developed at Care@Distance by Anna Bakidou(2023). Similar models have
been developed in the research group before such as an On Scene Injury Severity
Prediction (OSISP) model for motor vehicle trauma (Candefjod et al., 2021). Baki-
dou’s model is similar but used for other kinds of trauma as well, both blunt and
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Figure 2.2: Adult SATS Chart, The South African Triage Scale (Cheema and Twomey,
2012)
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Figure 2.3: NEWS system from VGR Paper journal: Each parameter is given a
score, they are then combined. If the score is seven or higher, the severity is red. 5-6,
orange. 0-4, green. Yellow has separate preconditions.

penetrating, like falling injury, stab injury, explosion, etc. For training and validation,
data from the Swedish national trauma registry (SweTrau) from between 2013-2020
with 47357 patient registrations after exclusion criteria are utilised.

The model uses a total of 13 different predictors, including body region, injury
mechanism, intent of injury, age, etc. The combination of these predictors for each
patient is then compared to the patient outcome during training. When validating,
the model is granted a dataset that hasn’t been trained on, is given the predictors
for each case and makes its own prediction. Performance-wise, when set to the
recommended level of over-triage at 25-35%, the model yielded under-triage at 8-
25%. That is potentially a big improvement to current triage results, with current
over-triage at 45.8% and under-triage at 40.4% according to the data in the SweTrau
registry. This is also before the algorithms received any optimization for the trauma
model which in this case only used the default settings.

Five different machine learning techniques were used to train the model, including
more transparent techniques and those more like a black box such as an artificial
neural network. However, both types delivered similar performance, meaning a
transparent method could be used, which would allow for knowing more about what
caused the AI to come to a conclusion, for example, which predictors were the most
important. This is paramount in the case of healthcare, for allowing healthcare
workers with understanding why the AI came to a specific conclusion.
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The theoretical framework for this thesis formed a base for important design consid-
erations and the general process of the project. This includes human factors, user
experience design, design theory, healthcare regulations and guidelines, and ethical
challenges concerning the use of artificial intelligence.

3.1 Human factors

3.1.1 Cognitive processes and bias
Wickens’s attentional processing model(2021) shown in Figure 3.1, describes several
information processing and decision-making stages. Stimulus creates sensory input
through our sensory organs. This is then perceived based on knowledge stored in
the long-term memory, which utilises working memory to process stored information,
connecting it to the sensory input. Then, working memory is utilised to consider
possible responses to the stimulus, finally leading to a response execution, which
creates feedback with new information. Working memory is minimal, both in the
number of units and time. Thus, throughout the design process, this will need to be
considered to ensure ambulance workers only need to hold small sets of information
at a time.

At every stage in the process model a pool of attentional resources is spent, meaning
that if many resources are used in one stage, it can affect other stages, leading to
errors (e.g., in perception or response selection) which could be detrimental to decide
optimal care for a patient in an emergency situation. The project should aim for a
design limiting the usage of attentional resources.

Ambulance personnel can often need to work with time-shared tasks, such as listening
to information from a patient or monitoring vital signs while putting the data into a
journal. According to Wickens (2008), the 4-D multiple resource model, Figure 3.2,
predicts how different cognitive modalities can be used simultaneously while reducing
the expenditure of resources from each other. (e.g., talking to a patient and reading
instruction are both considered verbal/linguistic modalities). At the same time, the
spatial task of putting on equipment and speaking are two different modalities and can
share time-space. Thus, what modalities are used can be important considerations
for the design.
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Figure 3.1: The human information processing model adapted from Wickens, Hol-
lands, Banbury and Parasuraman (2016)

Figure 3.2: 4-D multiple resource model by Wickens et al.(2008)
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A prominent decision-making theory is that we have two modes of thinking, system 1
and system 2, seen in Figure 3.3 (Kahneman, 2011). System 1 is quick and automatic,
taking mental shortcuts called heuristics in order to make conclusions. System 2
is analytical, slow, and requires more energy and concentration. Most decisions
are of system 1, and in a situation such as an ambulance where stress, fatigue and
time limits can be significant factors, system 1 is a likely major factor. This can
lead to a more decisive influence of biases and incorrect heuristics. This includes
biases such as anchoring, where the first piece of information influences the rest,
meaning when and how to present information in an IT system can lead to different
consequences. Another is the framing effect, where talking about the risk of death
has a different effect than the chance of survival, although the numbers could be
the same. Investigating the most apparent biases in prehospital care and using the
design to limit them could improve decision-making and reduce errors.

Figure 3.3: System 1 and System 2, adapted from Kahneman (2011).

3.1.2 Gestalt principles

The gestalt principles describe how we perceive group objects (Todorovic, 2008). For
example, the proximity principle tells us that objects close together are within the
same group. Similarity says the same for objects that are similar to each other, and
the common region principle says the same for objects that share the same closed
region. See Figure 3.4.

An interface in the medical field can include several kinds of information, such as
vital parameters, personal information, and guidelines. To make sure these are not
accidentally grouped together as the same objects or objects of the same importance,
following Gestalt principles are necessary.
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Figure 3.4: Three examples of Gestalt principles, adapted from Todorovic (2008).

3.2 User Experience Design
User experience (UX) design is acknowledged as a framework for understanding the
interaction between users and artefacts, see Figure 3.5. UX design typically focuses
on creating compelling and satisfying experiences for them (Norman & Nielsen, 2010).
User experience can be defined as "a person’s perceptions and responses that result
from the use or anticipated use of a product, system or service" (ISO 9241-210).
According to Jesse James Garrett (2010), the term ’user experience’ is generally
applied to the positive, neutral, and negative emotions felt whilst interacting with
computer systems and user interfaces and is equally applicable to any other instance
where a human uses a product, object, or service. He stated, "Every product used
by someone has a user experience: newspapers, ketchup bottles, reclining armchairs,
cardigan sweaters".

The UX design relies on various principles, concepts and methods and is set on
various disciplines such as psychology, sociology, and human-computer interaction
(HCI) (e.g., Figure 2.). UX design emphasises the importance of understanding
user needs and goals and designing products that meet their needs seamlessly and
intuitively. UX design provides a powerful framework for creating digital products
that are both effective and enjoyable for users (Garrett, 2010). The process of UX
design practice will involve a deep understanding of user behaviour, preferences
and pain point issues, including the broader social and cultural context in which
the product will be used. The process generally interacts and continues improving
products, systems or services. Designers must be willing to test and refine their
designs based on user feedback and to adapt to the change in user needs and market
trends. This would encourage designers to experiment, try new approaches, and be
open to feedback and criticism.

3.3 Double diamond model
The activities and methods will be performed for this project following the double
diamond model, see Figure 3.6. It is a process introduced in 2004 and has become
a well-known model for designers and non-designers to systematically engage in
problem-solving (British design council, 2019).

Regarding this project, developing a future IT system is a complex and dynamic
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Figure 3.5: Disciplinary map of user experience design to other design fields (Inter-
action Design Foundation, 2002).
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project requiring an understanding and effective approach. Therefore, the double
diamond model is a framework that can offer several advantages. First, the divergent
part of the model allows for the exploration of these complex tasks related to the
work environment, current decision support tools, diverse technical solutions and
organisations behind such solutions. When such findings have been made, the project
can develop into a narrow scope, a comprehensive system to improve patient outcomes
that meet the user’s needs and stakeholder’s expectations.

However, the limitation of the double diamond model that Sharp et al. (2019)
mentioned is; It can be time and resource intensive, relying heavily on user feedback
which may be limited in some cases. The model may only sometimes fully address
broader social and cultural factors, and its flexible approach may need more explicit
direction. It was crucial to consider the potential limitations of the double diamond
model for this project and utilise it based on the context and goals.

Figure 3.6: The double diamond of design, adapted from Sharp et al. (2019)

3.4 Swedish healthcare regulations, guidelines and
ethics

The project will focus on the Swedish EMS system. While not necessary for this
research to succeed, if the project is to be able to present a feasible solution according
to Swedish standards, it will need to try to follow Swedish regulations. Swedish
healthcare is governed by Hälso- och Sjukvårdslagen (HSL) [The Health and medical
care act], decided by the Swedish parliament; Chapter 5, 1 § states that all healthcare
shall be, as translated by the author of this paper:
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1. Be good quality with excellent hygienic standards.

2. Satisfy the patient’s need for security, continuity and safety.

3. Build on respect for the patient’s self-determination and integrity.

4. Promote good contact between the patient and the healthcare staff.

5. Be easily accessible.

In particular, points 2-4 are relevant since they can inform a focus on the patients’
needs in the design. While the project will focus on the user/paramedics, the results
should promote the patients’ needs to be stated in HSL. An important consideration
could be how to design to keep respecting the self-determination and autonomy of
a patient while an AI makes a recommendation that might be more difficult for
humans to interpret. In addition to HSL, ambulance-oriented healthcare has its own
set of regulations, as translated by the author of this paper (SOSFS 2009:10, chapter
2, 1 §);

• Information cannot be changed by mistake, unauthorised use or due to mal-
function or any other disturbance.

• Every incoming and outgoing alarm, as well as other communication via logs,
can be traced to operators at the alarm centre as well as health and medical
personnel inside or outside an ambulance.

• The requirements of regulation, EU 2016/679 of the European Parliament and
of the Council of 27 April 2016 on the protection of natural persons with regard
to the processing of personal data and on the free flow of such data and the
repeal of Directive 95/46/EC (general Data Protection Regulation) as well as
the requirements in the law (2018:218) with supplementary provisions to the
EU’s data protection regulation and in the patient data act (2008:355) are met
(HSLF-FS 2018:38).

It will be impossible for this project without judicial expertise to abide by all
regulations, but they can still act as guidelines for the design process. In particular,
the first paragraph here highlights the importance of the design to decrease the risk
of user error, either through prevention or easy correction.

When deciding which patients to help, healthcare workers are regulated to follow the
prioritisation platform with three guiding principles(Prop. 1996/97:60), as translated
by the author of this paper:

The human value principle is that all humans are equal in value and have the
same rights independent of personal attributes and roles in society, Needs-Solidarity
principle; resources should be distributed depending on the need, Cost principle
when choosing between different operations or measures, a reasonable relationship
between costs and effectiveness, measured in improved health and increased quality
of life, should be sought.

The design needs to support these principles because paramedics constantly have
to make decisions and prioritizations during the triage process. It also allows for
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a better understanding of which principles guide EMS decision-making during the
empathising part of the project.

3.5 Ethical challenges
Healthcare is a sector where consideration of ethics is central. While doing ob-
servations of ambulance workers, there is a need to ensure to not interrupt their
work process in any way since this could cause risks for them and their patients.
Situations can be witnessed where respect for the patient’s privacy is paramount and
information that can be linked to them can not be spread under any circumstance.

Carefully considering the design’s effects on healthcare workers’ working environment
was required throughout the design process, as well as patient safety and privacy.
For instance, some designs might give an AI algorithm more data, allowing it to
make better decisions in the future. Still, it is possible that the interaction would
be too slow, risking patient safety and requiring information that might go against
the ethics of patient privacy. The design would be used continually every work day,
so considering mental load and stress factors is paramount for the well-being of
ambulance workers.

3.6 Artificial intelligence

3.6.1 Artificial Intelligence (AI)
Russell& Norvig (2010) describe in the book that AI as a field of study aims to
develop intelligent machines capable of performing tasks that typically require human
intelligence. AI covers various approaches and techniques, (e.g. machine learning,
natural language processing, and robotics). The stage of AI is based on the idea of
creating algorithms and system models that can process large amounts of data and
learn from collected data to make predictions or decisions. Russell and Norvig (ibid.)
also mention that unsupervised machine learning involves developing algorithms
capable of learning from data without being explicitly programmed. This allows
algorithms to improve their performance over time without needing direct input from
humans. A rising number of AI developments are also leading to ethical discussions
and social issues, such as the potential for bias and discrimination (Zuiderveen
Borgesius, 2018).

3.6.2 AI in healthcare
AI has played a significant part in the public consciousness, gaining enormous
publicity through models, for instance, chatbot ChatGPT and picture generators, e.g.
Dall-E 2 and Midjourney. AI has become a more natural part of ordinary life through
different tools and natural language processing with speech dictation. In addition to
general use cases, specific AI tools have great potential to be used in professional
fields like healthcare. Much research has been done on AI image classification (Razzak
et al., 2018), such as detecting diabetic retinopathy (Abràmoff et al., 2018), cancer
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diagnosis and prediction (Goldenberg et al., 2019) and Covid-19 diagnosis(Hassan et
al., 2022). Overall, AI can potentially improve diagnosis and prognosis compared to
healthcare professionals, allowing for improved decision-making.

In healthcare sector has specific requirements for AI healthcare. For example, WHO
(2021) gives guidelines for using AI development, including transparency, explainabil-
ity and the need to work against bias. However, AI can often be described as a black
box, where we do not have the tools to understand too complex algorithms. Thus, AI
needs to be developed with this in mind because it is essential for both developments
of AI, patient autonomy and safety. Furthermore, it requires explainability; thus,
medical professionals must make informed decisions. Finally, AI is often trained on
data that already are formed from human bias, which needs to be heavily considered
to reduce significant errors in AI decision support.

Emergency services (EMS) play a pivotal role in healthcare outcomes and introduce
new challenges compared to the AI tools previously mentioned. For example, an
ambulance rarely has the same tools for diagnosis as a hospital, there is a wide
variety of patient symptoms, and time can be minimal with acute symptoms. AI can
potentially help triage patients, both in speed and in the case of reducing over-triage
and under-triage (Buendia et al., 2015; Keselman et al., 2022), increasing patient
safety and reducing resource depletion.

AI models require real-time digital data to function, and while many current IT
systems have the potential to provide it, they often need to be appropriately used in
practice (Porter et al., 2020). In addition, they can be suboptimal for the complex
workflow of EMS personnel, resulting in the input being done after the patient has
already been sent to a hospital. A design that considers the many factors impacting
EMS and looks into cases where IT implementation has been successful is thus
paramount.

3.6.3 Interaction and Artificial Intelligence (AI)
Interaction design and AI are two things that are increasingly intersecting or often
come across each other. Interaction design focuses on designing effective, intuitive,
and feasible products, systems and services for users. In contrast, AI involves
developing intelligent machines capable of performing tasks that require human
intelligence. As AI becomes more advanced and more involved in direct human
interaction, it is used to enhance and improve the user experience in digital products
and services. For instance, AI-powered chatbots can provide personalised and
responsive customer service. At the same time, machine learning algorithms are used
to personalise content, recommendations and search results.

However, He et al., (2022) discussed designing effective and engaging interactions
between humans and AI-powered systems may encounter several challenges, such as
designing transparency and understandable interactions with users so that they can
trust and feel in control of the system, including designing inclusive and equitable
interactions that prevent biases or discrimination. To address these challenges,
designers might consider AI’s ethical and social implications in their design process
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and develop user-centred, inclusive and transparent interactions.
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Methods

This chapter goes through the methods used during the study. It provides an overview
of the methods themselves and why they are used for this project. Some of the
methods had minor modifications to be better adapted to the context of the study.

4.1 Literature study
A literature study provides an overview of the current state of knowledge and identifies
gaps or areas for further research. The literature study will include an extensive
analysis of research articles, books, reports, and other sources of information related
to the project. Considering this, conducting a literature study would be in several
stages. The first stage is identifying a research question or topic that is specific
and narrow enough to allow for a comprehensive search of literature but also broad
enough to capture the key concepts and issues related to the topic

The next step would involve searching for relevant literature using databases, online
libraries, and other sources of information. The search terms should be carefully
selected to capture all relevant literature. After identifying potentially relevant
literature, the quality and relevance of each source need to be filtered and evaluated.
The evaluation process included reading each source carefully, assessing each study’s
methodology, research design, data analysis and conclusions and determining its
relevance to the research questions. Finally, the findings should include synthesised
analysis, summarising each study’s key findings, identifying patterns and themes in
the literature, and drawing conclusions (Martin et al., 2012).

4.2 Ethnography research
Ethnography is a qualitative method to study people and their culture in their natural
settings, typically over an extended period. Hammersley and Atkinson (2007) explain
that this method aims to provide a comprehensive understanding of a culture or
subculture and its beliefs, practices, values and social norms. Ethnography research
involves prolonged engagement and observation, including conducting interviews,
taking notes, collecting artefacts, and participating in their cultural environments.

In this case, ethnography research was done in two ways: following ambulance workers
for a day in Halland and visiting the primary ambulance central in Gothenburg.
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Halland uses a digital interface, and Gothenburg uses pen and paper; thus, visiting
both regions was to gain a more comprehensive view of the field. In addition,
both were important to understand the broader context of the ambulance work
environment. This includes gaining insight into what tools are used, how personnel
interact with patients and relatives, how they react to emergencies, work culture,
and interaction with the IT-/pen & paper system.

4.3 Interview
Interviews are a great way to empathise with the users. Therefore an interview is an
excellent method to gain an in-depth understanding of users’ values, perceptions and
experiences. The method allows us to ask specific questions while remaining open to
exploring the participants’ points of view. The interview methods are flexible and
often combine with other research methods, such as usability tests or surveys, to
gain better insights into objective results by asking users about them and to elicit
their subjective opinions on the products or interactions (Martin et al., 2012).

To avoid bias, during this project’s exploration phase, the context expects to be a
busy environment. For better results, The interview shall be combined with the
ethnography method in terms of contextual inquiry. Contextual inquiry can be
made in different manners. For instance, the designers ask participants questions
simultaneously while observing their interaction with a product or while they are
performing a daily activity. The user is also asked to explain the interaction as
though explaining it to novice users. Another way is to observe first and refrain
from asking the participant any question until afterwards to avoid influencing or
interrupting their behaviour.

Interaction design foundation (2002) has addressed the limitations of this method.
"User interviews can be very informative and helpful, but only if they are used
correctly and for the right things. Therefore, it’s important to know what you
can expect to get out of interviews and what you shouldn’t expect to get out of
interviews." "What users say and what they do are different," said Jakob Nielsen,
Usability Expert and co-founder of Nielsen Norman Group.

4.4 Personas
Personas are a method to consolidate archetypal descriptions of user behaviour
patterns into visual profiles that aim to humanise design focus to use in test scenarios
and design communication. Personas typically present in short profile descriptions
include a name, a photograph or chest, and a narrative story describing in detail
such as living situations, goals, and behaviours relevant to the design question.

Personas are used as human references by the team throughout the design. Often
helpful in all project phases, e.g., developing, discussing, and presenting product
or system design in the definition and ideation phase. They are also valuable for
checking use scenarios and highlighting positive experiences and potential break-
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points. Personas provide a persuasive human reference when communicating research
summaries and scenarios to clients. (Hanington & Martin,2012)

4.5 Sketch
Sketching is an important activity in the design process, as it facilitates designers
in exploring and conveying ideas visually. Crazy 8’s and Solution Sketch are two
sketching exercises frequently employed in the ideation phase of the design process to
generate and refine design concepts. Crazy 8’s is a high-velocity sketching technique-
and Solution Sketch focuses on iterating and refining a single design concept. Crazy
8 involves folding a sheet of paper into eight equal sections and setting a timer for
eight minutes. Designers sketch as many ideas as possible within the timeframe,
with the goal of generating at least eight unique concepts. This technique’s rapid
and voluminous idea generation stimulates creativity and helps designers overcome
design blockages (Reynolds, 2018).

Once a set of ideas has been generated through Crazy 8’s, Solution Sketch can be
used to develop a specific concept further. Solution Sketch is a method that involves
detailed sketching of a single design concept while also considering its feasibility
and implementation. The primary objective of Solution Sketch is to create a well-
defined and elaborated design concept that can be presented to stakeholders for
their feedback (Meroni et al., 2019). The combination of Crazy 8’s and Solution
Sketch provides a robust ideation and design iteration framework. Crazy 8’s fosters
designers to generate many ideas rapidly, while Solution Sketch provides a structure
for refining and developing a specific design concept. Together, these techniques can
assist designers in overcoming creative barriers, producing innovative solutions, and
refining design concepts into practical solutions (Cooper et al., 2014).

4.6 Prototyping
Typically, prototyping involves creating an initial version of a product or feature that
allows people to interact with it. The purpose of a prototype is to convey abstract
concepts such as features, functionality, potential benefits, risks, and implementation
costs. Then, testing prototypes with real users provides insights into what works,
what does not, and whether it is the right solution to pursue. It also allows
continuous iteration without spending needless resources on something that will not
work satisfactorily.

A prototype is great for gathering feedback to keep improving the design. However,
prototypes can vary in fidelity, and the quickest and most cost-effective ones are
typically based on initial wireframes. Wireframes are in grayscale layouts that
capture the structure, navigation, information architecture, layout details, and
interfaces. Using sketches, task flows, and sitemaps to consolidate this information
in wireframes is often an intermediate step between sketching and prototyping.
However, depending on the design stage and prototype objectives, a prototype can
be created by rapid paper prototypes, clickable wireframes, hand-coded interfaces,
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or high-fidelity prototypes resembling the final product. As a general guideline, it
is beneficial to prototype early and frequently. Then, most importantly, test the
prototypes and iterate based on feedback and insights from these tests (Houde and
Hill, 1997).

4.7 Usability test
Usability testing is commonly used in design practice to evaluate systems by testing
with end users or representative users. However, there are different ways of conducting
usability testing, such as formal, informal and pilot (“down the hallway”) tests.

• A formal usability test is a traditional way. Typically the researcher invites
participants to the lab and performs the test or testing in their work environment
to get a closer result to the end product.

• Informal testing is usually minor testing that can be done over time, with one
or two users per week.

• The “down the hallway” test is “quick and dirty” testing similar to a pilot test
that involves friends or colleagues who are testing the designs. Usually, this
type of test can lead to bias; therefore, it is helpful before properly testing a
design on behalf of representative users.

The usability test includes creating a plan to scoop out the test. The plan consists of
user tasks and the sample issue, which will be given to the user to solve; recruitment
criteria, scripts and discussion questions, and logistical information followed by
facilitating or moderating the test. Then we can analyse data and finalise the test
report to communicate the findings. Documenting the result is essential to help other
people who were not involved in the testing and is a reminder for researchers when
they need to revisit it (Rubin & Chisnell, 2008).

Interaction design foundation (2002) also describes usability tests as structured
research sessions that help us understand apparent problems with a particular design.
They are a trial run for a change to our product where we can see if potential
users are likely to need help to complete specific tasks. Such a test usually involves
observing users attempting to complete tasks and can be done for different designs.
It is often conducted repeatedly, from early development until a product’s release.

In this project, we have combined usability testing with the Think-aloud protocol.
The think-aloud protocol is a method that requires participants to verbalise what
they are doing and thinking as they complete a task, revealing aspects of an interface
that delight, confuse, or frustrate (Hanington & Martin, 2012).
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This chapter starts with the results from background research. It then moves on to
the design process, followed by the final design and its evaluation.

5.1 Literature study
During the divergent phase of the project, a literature study was conducted. The main
aim of the literature study was to gain insights into the current state of IT systems
used in ambulances, the performance of current triage systems, as well as current
uses of AI in healthcare in general, and explainable AI(XAI) in particular. The
secondary aim was to find gaps in current research. The main sources of searches were
Google Scholar, Pubmed and Chalmers Library. Also, some articles were added as
per recommendations from experts, supervisors or stakeholders. Keywords included,
but were not limited to: “AI”, “AI healthcare”, “explainable AI”, “IT-support
ambulance”, “triage models”, “over-triage” and “under-triage”.

In addition to work directly related to the field, literature studies were used throughout
the project to gain insights into relevant work within user interface (UI) and human
factors to help guide the design process. Many findings and articles are used
throughout the text, but some key findings are summarised below.

5.1.1 Current use of it-support
Current it-systems used in ambulances in the UK are often underwhelming, leading
to workers noting information on their hands or pen and paper before putting it into
the system only after the patient has been sent to the hospital (Porter et al., 2020).
Thus the information can’t be used for digital decision support in an early stage. Key
issues were that many it-systems were still in a transitory phase and that there were
few standards for hardware and software, providing challenges for interoperability.
Providing the correct information to the correct medical professionals was also a
challenge.

5.1.2 Current triage decision support in Sweden
Magnusson (2021) compares two dominant triage systems in Swedish ambulance care,
the Rapid Emergency Triage and Treatment System(RETTS) and the National Early
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Warning Score (NEWS) (Royal College of Physicians, 2017), showing that RETTS
has higher sensitivity for time-critical patients but less specificity than NEWS. Both
systems have issues with both over-triage and under-triage, with about one-third
of children being either over- or under-triaged and under-triage in general being an
issue when evaluating the elderly.

5.1.3 Status of Explainable AI in Healthcare
While several applications for AI were found, described more in the background
section, research on explainable AI (XAI) was very limited. Antoniadi, et.al., (2021)
reviews the current literature and finds that it is only in very recent years that XAI
in healthcare has really started to be explored. The majority of XAI was used for
tabular data while research on XAI used for text analysis was the least common.
XAI can improve decision-making and increase trust in the system. However, XAI
research in clinical decision support was extremely limited, especially when it came
to user research.

Figure 5.1: Gap analysis map of this project’s literature review
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5.2 Ethnography research
This session will discuss ethnography research on how we used the methods adapted
to the project in best practice. And the results were interpreted from this particular
field study. However, in a phase, we aim to understand the user’s point of view and
emphasise as much as possible their role to be able to learn their daily routine.

This project got an opportunity to explore two different regions in Sweden. One is
Halland, and the other is VGR. Furthermore, due to the positive response from the
Halland region, the team had the opportunity to follow up their routine for a day
from 7.00 o’clock to 20.00 o’clock (one full shift).

5.2.1 Empathy
The primary approaches used in ethnography research are observation and contextual
Inquiry. The observation is typically “learning by watching” while taking notes
on the essential things happening that are considered valuable later on. The most
important thing is to act calmly, dress like them, be neutral as much as possible, try
to understand what is happening and interfere less with the EMS work routines, in
combination with the form of an interview (contextual inquiry) that is described
as “asking while doing it”. If they are at some point wondering about their action
or confused in some ways, we rather question “the right way or can ask later on as
appropriate” (Hanington & Martin,2012).

Figure 5.2 shows the results from EMS’s general context in the ambulance workflow
and work environment interim of understanding and empathy. Unfortunately, some
images are not allowed to be shared in this report. There were several actions and
tools we didn’t understand at first, but everything was noted after receiving answers
from them.

5.2.2 Strategy and product objective
Figure 5.3 displays an overview of the existing system on the market. It compares
clear user Interfaces from different products used in emergency service. This overview
provides additional insights beforehand that can be considered as State-of-the-Art
(SOTA). Oxford Dictionary (n.d.) describes SOTA as “the most recent stage in the
development of a product, incorporating the newest technology, ideas, and features.”

SOTA’s input has motivated us to learn the design patterns and the current trends
of the existing system. It allowed us to analyse the pros and cons of the popular
systems currently on the market that may lead to a better design later on. Learning
their strategy also notified us about the most obvious errors and weaknesses that
might be prioritised in the next system update.

5.2.3 Identify and understand user
To be able to get a better comprehension of the user and their workflow, we have
created personas to consolidate archetypal descriptions of user behaviour patterns,
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Figure 5.2: Ethnography research; Observation & contextual inquiry from regions,
Halland and VGR)
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Figure 5.3: SOTA table showing product diversity.
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Figure 5.4: The second latest version from Paratus.

see Figure 5.5, and a journey map, see Figure 5.6, that analyses the context based
on the observation data. The journey map is meant to provide a heuristic analysis
narratively for the team. For example, it may begin with a brief explanation of
users and behaviours in their work environment setting, followed by phases, actions,
trends, and narrative facts.

Figure 5.5: One out of four developed personas. Fictional profiles that represent
user behaviour patterns based on collected data.

As a result, the journey map should review a clear understanding of user touch points,
a clear understanding of the channels in which actions occur, an understanding of
any other actors who might alter the user experience, and a timescale.

In conclusion, the journey map presents a heuristic view of the observation addressing
problems and identifying activities, action, interaction, and satisfaction in the EMS
workflow based on the user personas, similar to the AEIOU framework which
stands for activities, environments, interactions, objects and users. Hanington &
Martin (2012) describe this framework as an organisational framework reminding the
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Figure 5.6: Journey Map

researcher to attend—document, and code information under the guiding taxonomy
the name is based on.

5.3 Expert interview
Stefan Jönsson - Future of healthcare in VGR
Highlights:

• New IT-solution in VGR called Millenium on the path to be implemented

• Live data transfer with high interoperability

• Ambulance part of Millenium planned but hasn’t started proper development

An interview was conducted with Stefan Jönsson, process manager of emergency
care, working with regional development at VGR. He has responsibilities for the
implementation of a new IT system for ambulances and emergency departments.
Currently, different hospitals in VGR use different journaling systems, making it
difficult or impossible to transfer data between them. A new system called Millenium
is currently in the process of being implemented, allowing for higher degrees of
interoperability. The planned launch date is 2025 but without all functionalities.

The system for ambulances hasn’t started development yet, however, some func-
tionalities already existing in Millenium might be used for it. The plan is to have
a joint journaling interface, both for the ambulance and the ED. Both should be
user-friendly and quick to use. The journaling works in real-time, with different

33



5. Results

healthcare systems being able to add information to a patient. For example, the
emergency dispatch centre might already have information on the patient- such as
the type of accident and that could already be filled into the same system used by
the ambulance. When passing through the healthcare chain, the patient should be
continuously evaluated. Access should be granted to previous journals within the
system, combining data from different sources such as the 1177 medical advisory call
centre, local hospitals or specialist hospitals. Finally, since the EMS IT system will
be integrated with the hospital system, ambulance personnel should be able to book
a time for a patient to visit a hospital instead of just recommending the patient to
book a time themselves. This should relieve pressure from ambulance workers to
solve less severe cases while providing better healthcare service to the patient.

When it comes to UI in the experience of the expert, healthcare professionals want
explainable AI to be able to understand the decision process and make informed
decisions themselves. In addition, an input system for AI should work alongside the
general EMS Clinical Decision Support Systems (CDSS) such as NEWS.

Borgström, CSAM - Paratus demonstration
Highlights:

• Demonstration of the next to latest Paratus ambulance IT-system

• Flexible system, being able to adapt to any device size

• Live data collection from the whole healthcare chain, allowing for better data
integration.

An interview was conducted with Jonas Borgström, product manager at CSAM,
working on the Paratus ambulance IT system. CSAM has the advantage of having
products in the whole healthcare system, allowing them to work with multiple kinds
of data in real time and continuously utilise that in different ways.

A demo of one of the latest editions of Paratus was given (Figure.), showing how it
currently gives live feedback based on the RETTS triage system. At all times the
user can also access healthcare guidelines, based on what type of situation it is in
that the user preselects.

During the majority of the interview time he showed us the demo of the system,
which in general seems to have a high degree of usability. It was shown to be
flexible, adapting to any window size provided, from desktop to tablet, to phone. The
customer, for example, in different regions in Sweden can have different preferences
for what contents should be a part of the system so the system is modifiable.

Bengt-Arne Sjöqvist, Professor of Practice Emiratus, industry veteran
Highlights:

• Several current systems, all working similarly, often with a touchpad-based
interface.
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• Sees potential in collecting data live from several sources, both structured and
unstructured.

• Future of prehospital decision support should be able to be dynamic to facilitate
as correct and early decisions as possible.

• Should be able to drill down and get more information.

Figure 5.7: An example of Dynamic Risk Prediction implementation structure with
added active decision support, based on an example from Bengt-Arne Sjöqvist.

Sjöqvist has extensive industry experience, a big part of the development of the
Mobimed system, an IT system for ambulances that have become the industry
standard and is widely used globally. When starting out, the goal was to do
everything that was currently done on paper but digitally. Several other systems
are currently on the market, but all of them share a similar interface, with main
navigation on the side and with similar contents. The UI that is being used currently
works at a satisfying level.

The current level of data access and the possibility to gather and evaluate data in
real-time brings many possibilities to decision-making. Sjöqvist has always worked
towards making decision-making in the ambulance quicker and more efficient. One
major area of improvement he sees in current digital decision support systems is for
them to be more active and dynamic. Current decision support follows a decision
tree structure where one step leads to the next. A first initial assessment is made.
Then, if no immediate emergency is found, the workflow moves on to a more detailed
assessment, then triaging, etc. Instead, the future of healthcare should actively
in real-time check the information, and notify the user when enough information
has been gathered to make a decision, thus quicker and more correctly coming
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to a conclusion of what to do with the patient. Sjöqvist called this dynamic risk
prediction, see Figure 5.7.

Time is often the difference between life and death or a much longer time for
rehabilitation, thus more efficient and faster decision support systems would be a
great benefit for patient safety. In addition, Sjöqvist sees the potential of such a
system to allow the user to “drill down” on the provided information, to understand
what causes the system to give a recommendation and provide sources to it. Thus it
becomes more transparent and the user can gain a greater understanding of causes for
a higher or lower risk prediction, especially if the system goes against the experience
of the ambulance personnel.

During the interview, we were also given a quick demonstration of an older version
of Mobimed to see how it was structured and how it handled information input.

Anna Bakidou, the PhD student in trauma algorithm
Highlights:

• Both transparent and “black box” algorithms were tested with similar success
rates.

• Trauma has a high degree of triage error, making it particularly interesting for
research.

• Model based on information that could be gathered from a prehospital setting.

• Not fully verified since it doesn’t take distance to the hospital into account for
under-/over-triage.

Anna Bakidou is a PhD student at the Care@Distance research group who has
developed an AI model for trauma patients. There have previously been developed
models for traffic-based trauma in the group, but her model is more general and
attempts to work on all trauma cases.

A primary reason for Bakidou to be interested in trauma is that it can be very
complex. The variety of cases is big, making it a unique problem to solve. There
is also a big problem of both under-triage and over-triage, increasing the need for
better decision support.

Various algorithms have been tested, from advanced neural networks to simpler and
open algorithms. Both types performed similarly, making it possible that simpler
algorithms are a better choice since neural networks are much more complex and
thus lack the same level of transparency and explainability. However, since the
algorithms haven’t been optimised and variables could change in future development,
more research is required before being able to be sure that the simpler algorithm
works better in this context.

The models are trained and verified using the Swetrau database. It contains a variety
of variables, such as what caused the injury and what body regions were impacted.
The severity of the injury is also calculated using the new injury severity score. Much
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of this information is currently not collected by ambulance workers, but the model is
based on what kind of information could be collected in the ambulance setting.

Currently, the model appears to be better on average than average at triage, compared
to Swedish ambulance personnel. A major limitation of the model currently is that it
doesn’t take distance into account. Thus, if a hospital is too far away, the ambulance
might decide not to transport the patient to a hospital, and this could make it appear
in the system as an under-triage.

5.4 Requirements
Through the findings from our interviews and ethnography, we came up with a list
of requirements for the system.

• Integrate well into current and future systems: Ambulance IT systems
already exist on the market. The goal of Care@Distance is to bring their
technologies to ambulances as soon as possible. Thus, creating an entirely new
system is not feasible. To make the implementation of their system realistic,
the design should be made in a way for it to be adaptable to existing systems.

• Blend into the EMS workflow: Obviously, for any system used in a
professional environment, it needs to fit into the workflow of the personnel.
The complex and ever-changing work environment of ambulance personnel
makes this a big challenge. In addition, while AI is being developed and
evaluated, it will need to work beside current triage systems.

• Increase trust and understanding of AI: AI is new and more complicated
than existing triage systems, making it more difficult to trust and understand.
The decisions made are often about life and death, making trust in the system
is essential in order for it to function since it is still the personnel that is
responsible for the decision.

• Efficient and effective regarding stressful environments: In order for
the system to work, it needs to be used. This is currently not the case with
many existing triaged based IT-systems, both according to our ethnography
and a meta-study (Porter et al., 2020). In order for it to be used and not
increase the cognitive load of the user, efficiency is essential. Thus, reduced
steps to complete an action and easy overviews will always be paramount when
making design decisions.

• Versatile, support various kinds of situations: Should be able to be used
both in very acute and less acute cases. In addition, the system will be based
on trauma. However, for it to be relevant, it needs to be a possible design for
other areas as well.

For System requirements, We used the MoSCoW technique for system requirements
to prioritise and distinguish what we must, should, could, and will not have in the
design, see Figure 5.8.
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Figure 5.8: MoSCoW mapping

5.5 Prototyping
Throughout the project, feedback was gathered from stakeholders, users and experts,
either through showing off our progress through online video conferences or through
recorded videos. Thus we could gather information on what parts of the design were
liked and which parts needed improvement.

5.5.1 Low fidelity
This section presents the result of the low-fidelity prototyping for this project divided
into tangible prototypes and digital prototypes.

5.5.1.1 Sketch and tangible Prototype

We began with a tangible prototype where we structured, restructured, added, and
discarded the design from the sketch, see Figure 5.9, as well as explored the actual
size of the device by paper cutting, and experimented with different components that
may fit within the UI concept. The tangible prototype provided hints of early stages
of interaction that reflect the system flow and simulates the UI in the lower realism
in a physical environment and allowed for rapid changes and testing of new ideas.
Later on, the most relevant ideas were developed further into digital wireframes. See
Figure 5.10.

5.5.1.2 Digital prototype

The digital prototype allowed us to explore the interaction of a digital device, but it
also demanded more time to build. In this phase, we used the interactive prototype
to communicate the ideas with stakeholders and gain their early feedback. The
prototype was reformulated according to the feedback and the new findings.
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Figure 5.9: Sketching based on fictitious scenarios.

Figure 5.10: Tangible prototype, brainstorming and generating ideas.
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5.5.1.2.1 Components They corresponded to four input categories: number
entry, free text entry, and option picker. The categories were chosen based on what
type of data EMS personnel currently need to enter for patient assessments. Each
data entry method is based on a material design suggestion for an Android device;
the guideline was developed by Google in 2013 (Material Design, 2023). However,
We have adopted some elements to this project for ambulance services. For instance,
The button and the free text entry require a bigger size than the standard mentioned
in the Material Design due to the shaking of a moving ambulance; dark colour needs
stronger contrast to notice in stressful environments.

Number entry Figure 5.11

• Keypad, Allows one to select a subject and enter values through a keypad.

• Dictate, Allows the users to add input numbers during hands-full tasks.

Figure 5.11: Example of number entry solutions.

Free text entry Figure 5.12.

• Keyboard, To allow users to select the field in which they want to enter data
and use the digital keyboard to do it and a physical extension keyboard is
available if required.

• Dictation, To provide an alternative option while physical contact with the
device is not possible. Users can dictate by simply pressing the microphone
icon or using word commands to activate it.

Option picker Figure 5.13

• Checkboxes, Typically similar to a conventional checklist on paper, allowing
the user to check on each box by tapping the icon or the text connected to it.

• Dropdown menu: A solution to hide the options under a menu and reduce
required space. It allows the user to click the dropdown icon and select it from
the menu.

• Chip: Allows the user to make a selection, filter content and trigger action.
The chip can show multiple interactive elements together in the same area.
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Figure 5.12: Example of free text entry solutions.

Figure 5.13: Example of option picker solutions. From left: Checkboxes, Dropdown
menu, Two versions of input chips

5.5.1.2.2 User experience (Emotions) Another brainstorming session was
set to discuss the UX aspect of the design. For example, to understand and have
an overview of what emotions to evoke or what dynamic should be emphasised to
motivate positive experiences for the users. Therefore, the Mechanics-Dynamics-
Aesthetics (MDA) framework was adopted in this project to gain an overview of the
relationship between interaction and emotions and to know the needed mechanics
for enabling it. See Figure 5.14.

5.5.1.2.3 Physical format The design considers adaptive design as the main,
user interface adapted to different screen sizes. The EMS personnel use multiple
devices according to the circumstances and situations. However, this project is
mobile tablet-oriented based on the result from the exploration phase that tablets
are used the most in the ambulance.

5.5.2 Wireframe
The wireframe was presented in a neutral tone with a grey scale but with good
enough contrast and well enough for communication. However, the focus was on
how to display the AI in a comprehensive way in the ambulance setting. A few
suggestions were granted and allowed to combine ideas (e.g., cards vs chart) Here
seen as both an individual page in Figure 5.15 or as an overlay in Figure 5.16.

Besides the main focus of AI, for input to the system we have digitised the pen &
paper acute journal utilising WEST, which is being used in the VGR today and is
used by the EMS personnel in making prioritisation decisions for the patient cases,

41



5. Results

Figure 5.14: Diagram of MDA framework

Figure 5.15: Early wireframe AI presentation with multiple cards representing
different values.
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Figure 5.16: Early wireframe AI presentation overlay with a chart comparing different
values.
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see Figure 5.17. We reformulated the design a few times. This allows for a more
complete workflow for the nurse, with both input into the system, and then the AI
results as output.

Figure 5.17: The WEST paper journal and an early digitised version of it. For the
full-sized paper journal, see Appendix A

The wireframe strategy testing not only allows the project to move forwards faster but
also enables us to make several better adjustments in the design by trying this early
prototype on the actual device. Unfortunately, things were not as smooth as expected;
at this stage, we did not have access to the actual device yet, but we speculated
using Figma software in the testing mode and continued development while aiming
attention to reliability and functionality to make the system more efficient. This
solution aimed to solve the following; 1. to solve the issue with misinterpreted
handwriting in the current paper journal, 2. to include most information in one
device, 3. to reduce time consumption by fewer interactions or a number of clicks,
4. to increase visibility and reduce overwhelming information, 5. to emphasise the
most critical information.

5.5.2.1 Decision support presentation

The Decision support consists of four main parts:

1. The top bar displays the overall risk prediction using the same colour codes
currently in use by ambulance services. It also includes the confidence level
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of the decision support, which can increase or decrease depending on the
information input.

2. The guideline is a part where the decision support provides feedback and
recommendations. It also provides further details accessed by pressing "more"
as an option.

3. Decision explainable AI (XAI), this part is a passive presentation of what the
AI decision is based on. The view can switch into two modes, both displaying
the same info. The card mode shows all predictors that the AI was using for
the risk prediction. It shows them in two rows, one for a serious condition
and one against a serious condition. They are sorted from highest to lowest
contribution. The chart view is more limited in that it only shows the top
three predictors of for or against a serious condition but allows for a quick
overview of their individual contribution. A horizontal chart was chosen instead
of a vertical one to be able to contain all the required information about the
predictor on the side.

An exploration about the possibility to drill down information on the predictors
was explored, see Figure 5.18. This could be important for learning the logic
behind the system. However, after the ethnography research where interaction
with the system was very quick and after asking a nurse for feedback, this
feature would seem to be unlikely to be used during triage. This, combined
with the added knowledge acquisition this feature would require and time
constraints, the feature was not investigated further. Instead, the functionality
was imagined to be moved to the summary page of the journaling system where
nurses would have time to investigate.

4. Missing value allows the user to input information that the AI thinks is the
most important for increasing its confidence level in the prediction. It allows
for quick input without going through the whole system or changing views.

Figure 5.19 displays a result wireframe as a whole. It includes pages that develop
according to the imagined scenarios and builds for usability testing. There are several
thoughts from this process on how the system should look.

1. The AI page should be able to assist at any time.

2. The AI prediction should be visible at all times.

3. The top bar should present the patient’s brief info and the EMS personnel
responsible.

4. Pages that are long must be able to pan down.

5. More visuals (Icons) should be added to reduce the focus on reading text.

6. Having much space in between content helps against overloading users.

7. Size of text and icons needs to be bigger for the ambulance environment.

The more developed version of the wireframe, see Figure 5.20, was used to
communicate with the stakeholders and an experienced EMS nurse. A video
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Figure 5.18: Drill down functionality during triage.

demonstration for a workflow was recorded using voice and screen recording
and was then sent to gather feedback. The same video was used in supervision
as well.

Points from the feedback included the need to create a versatile design and
have multi-optional choices due to the requirement of individual nurses in the
ambulance context. The feedback included discussions about UI elements like
how to present the confidence rate for AI risk prediction (e.g., score system,
scaling system and dot system).

Another point was about the XAI presentation, where we discussed how to
visualise and present it. Two options were presented; the cards view or the chart
view. The card view gathered more positive feedback, but it was concluded
that both options should remain for the ambulance personnel to decide.

5.5.2.2 Visual design

Visual design covers several important aspects which increase usability and positive
user experience by establishing a visual hierarchy: the most probable should be
most prominent, position (top, middle, and bottom), visual attribute (colour, size,
space, typography, readability, and aesthetics), alignment (use of the grid system to
minimise visual excise and group object) and balance (left and right of UI).
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Figure 5.19: The wireframe in different stages in the system.

47



5. Results

Figure 5.20: Interactive prototype flow created in Figma

Figure 5.21: The graphic describes UX design, including Visual Design. Adapted
from Interaction Design Foundation (2002).
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5.5.2.2.1 Accessibility In the following design approach, we focused on inclusive
design (Imrie & Hall, 2003). aim to increase the design quality in respondent
behaviour to the needs of individuals.

The design intends to consider information visualisation, which considers some
adjustments toward ambulance services based on information visualisation perception
for design (Ware, 2019). Thus, the mood board was created to brainstorm and
generate ideas for visual communication inclusivity; colour, lightness, brightness,
contrast, and constancy. See Figure 5.22

Figure 5.22: A mood board presenting early visual interface and potential design.

5.5.2.2.2 Interaction This part is about improving the interaction to ensure
the design has a high functionality standard for an ambulance and enhances the
user’s positive experience. First, however, avoiding switching the page for the leading
AI page is crucial. We are considering the data manipulation loop into account.
According to Ware (2019), At the lowest level is the data manipulation loop through
which objects are selected and moved using the basic skills of eye-hand coordination.
Delays of even a fraction of a second in this interaction cycle can seriously disrupt
the performance of higher-level tasks.

The option in the AI page to gain time reduction and voice switching page to reduce
the reload screen, e.g. where the card is located, the user can continue to pan the card
to beagle to view the rest of the card. See Figure 5.23. Another general UI included
Icons, checkboxes, a change in surface colour, or a combination of highlighting to
minimise mistakes and have better control over the interface.

5.5.2.2.3 Layout The layout, see Figure 5.24, is designed to fit the different
screens. Therefore, it should be automatically adaptable for any device. The following
figure demonstrates an example of a tablet size typically used in an ambulance in
Sweden. Based on the data from the exploration phase, tablets are the most common
hardware to use for IT systems; therefore, the design is tablet-oriented. Furthermore,
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Figure 5.23: AI Overlay. More cards can be seen by panning from the side
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the layout was created to consider how the spacing and the parts of the layout could
work together in harmony with composition positioning.

Figure 5.24: Sketching ideas for the design layout

5.5.2.2.4 Styles

• Colour: The selection, see Figure 5.25, follows a guideline from The National
Health Service (NHS) (2023). The NHS is the publicly funded healthcare
system in the United Kingdom. NHS provides high confidence in healthcare
design tested on the end user. In addition, the selection of colours helps people
recognise and trust the services (NHS, 2023). For this project, some colour was
picked from the options provided via the recommendation of the NHS, which
has been tested already, but also by our choice where it has to adapt to the
ambulance context. We use colours to help users prioritise and distinguish or
recognise differentiated information. Text and background colours are designed
to meet accessibility needs according to the NHS (2023) guide, considering
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contrast, space and colour choices will increase accessibility for people with
colour blindness; text describing the colour was also added for clarification
where it was deemed most important to avoid confusion.

Figure 5.25: The selected colour pallets for ambulance work service.

• Typography: The font of choice in this project is Roboto Flex, see Figure
5.26, having a fluid range of weights, from extremely thin to highly bold styles
in larger optical sizes. The font is presented in five type styles defined by
five roles: display, headline, title, body, and label. These new roles are more
descriptive, allowing straightforward applications across a broader range of use
cases (Material Design, 2023). The Roboto font is the standard for common
Android devices. Since the project is meant to be for versatile use in the
ambulance environment work, Roboto tends to be the right font for this.

5.5.3 High fidelity
Information, interface and navigation design
The overall layout of the design can be seen in Figure 5.27. It follows the pattern of
metaphors, idioms and affordances from the current trends in the market, SOTA.
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Figure 5.26: Font Roboto, used throughout design

The navigation bar to the left is a prime example of this, being used in both the
Paratus and Mobimed IT systems. During our visit to the ambulance in Halland
using an older version of Paratus which only uses text for the navigation bar, we
noticed that even experienced users had to read through the menu to find the right
button. Icons combined with text can make interaction significantly faster (Majrashi,
2022) while only using icons can be risky depending on how strong the association of
the icon is with the contents of the page (Islam, 2015). The only accessible pages of
the prototype are WEST, Vital Parameters and Scenario. The rest have already been
designed repeatedly by other companies and don’t add as much to the diagnosing
process, so they have been left out. Summary/Send-off could have benefited from
design related to the AI decision support, where more detailed information about
the AI risk prediction could be displayed that there would usually not be time for
during triage. However, this was not the focus of this project and thus was outside
of the scope.

There is a top bar at the top of the page. This is somewhat similar to the Paratus
system, though in this case, information about the patient is moved to the middle. To
the left is information about which user is logged into the system. The middle starts
with the current prediction of the AI algorithm, followed by the id-number and name
of the patient. The AI indicator and id-info are close together, utilising the Gestalt
law of proximity, showing that they are connected (Todorovic, 2008). Clicking on
the patient allows for access to an overview of their journal and information from the
SOS call. Finally, to the right, there are icons showing guidelines, battery life, two
rings showing if the system is connected and voice control followed by date and time.

Currently, the WEST page is shown. It is using all the parts relevant to diagnosing the
patient from the current paper journal used in the VGR ambulance. This knowledge
has never been digitised before. The page uses the same general order of the paper
journal, though with the NEWS vitals to the right of Warning symptoms instead
of below it. This provides a complete overview of WEST without any scrolling or
interaction required.
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It starts with a simple text field, allowing the user to input information about the
circumstance of the situation. A similar text field can be seen below. To the right,
there is a microphone icon for dictation. Due to the limitations of Figma, the text
input in this prototype is automatic. Otherwise, it would use either the pads screen
keyboard combined with autofill, or an external keyboard.

The situation is followed by checkboxes with preconditions, categorised and ordered
into different boxes and utilised using the Gestalt law of common region (Todorovic,
2008). A tiny outline is used to help guide where to place the finger. In the paper,
they are ordered as two lines, left to right, with no clear categorisation. When trying
out that layout, it made certain preconditions appear more important than others
and made it appear harder to read. Thus, this vertical layout was kept. While not
as effective space-wise, it should make the page easier to read. Dropdown menus
could have been used, but we wanted to keep them all available at the same time,
to make interaction quicker and easy to correct errors, while also being there as a
reminder for the user as to what preconditions might be important for the case.

Warning symptoms in the paper journal need to be categorised by the users themselves.
Here, the symptoms are already categorised into different colours, so the user needs
to only write or select them to get information about how serious they are. The
suggestions shown are based upon the previous information that has been put in,
such as SOS call, age, situation, other warning symptoms, etc. As more warning
symptoms are put in, it updates with more relevant suggestions. This is to both
remind the user what symptoms to look for and also allow for quicker interaction
than writing or dictating.

Finally, in the bottom right, it displays vital parameters based on the NEWS section
of the paper journal. For each line, an icon is followed by a text description, digits
indicating the current number, and a symbol presenting if the information has been
retrieved digitally from the device recording it. On the right, the middle number
indicates the non-significant parameter numbers. If the current number is outside of
the parameter, it is shown to the left or right depending on if it is lower or higher. The
colour indicates how far outside the parameter it is, with yellow here indicating step
one outside non-significant parameters. Finally, NEWS PRIO shows the final NEWS
indicator, here Green since there is not a single parameter far exceeding normal
values and not enough parameters exceeding normal values by smaller degrees.

Scenario
When clicking on Scenario, the user is taken to the page shown in Figure 5.28. For
demonstration purposes, some information has already been selected. In the imagined
scenario, the user has just selected “Motor vehicle” as the injury mechanism, and
gotten a notification that the AI is ready to give a prediction. The notification is
animated in that it pulls down from the top bar, to guide attention. The top bar AI
indicator has also changed, now showing Yellow to indicate the changed prediction.

The scenario page is imagined to be able to accommodate several different kinds of
scenarios. A submenu to the navigation bar has been made, which allows the user to
select several different scenarios with specific inputs for that scenario. This is inspired
by Mobimed which has a clinical pathways page, allowing for specific recording of
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Figure 5.27: WEST page of the high fidelity prototype, based on the WEST paper
journal for triage decision support

symptoms and treatment guidelines. The prototype has trauma preselected, with the
system basing its selection on information received from the SOS call. This makes it
so that the user doesn’t need to search the menu and click it, but still allows them
to select a different scenario if the system is wrong.

All inputs on this page are based on the model developed by Bakidou (2023). Different
AI models can require different specific inputs, and the Scenario page allows for
navigation of several algorithms, here with stroke and chest pain as examples, with
a model for the former currently being developed at the Care@Distance research
group and the latter used by Andersson & Maxstad (2022).

In the middle, you have Abbreviated Injury Scale (AIS) regions as a part of the AIS
system to measure the severity of trauma injuries (Greenspan, McLellan, & Greig,
1985). The body is created using standards, with the main body from the VGR
paper journal (See appendix) and the head from Bieler, et.al.(2021). Most regions
are self-explanatory. Both the left and right sides count as the same region. The
head is divided into both face and head injuries. Clicking on a body region selects
it. Originally, an indicator was added below the body, showing what regions are
selected. Clicking on it also allowed the region to be unselected. However, due to
how Figma works, adding this interaction to the prototype was not feasible (Figure
5.28).

The right side contains the rest of the inputs for Bakidou’s model. Only one button
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in each section can be selected at the same time. The buttons are input chips
based on material design(Google, n.d.) but with increased sizes to accommodate
the ambulance work environment. All inputs in the different categories are ordered
based on how common they are, with the accident being the most common intention
as an example, based on Bakidou, et. al., (2023). The reasoning is that this should
reduce the time to read through the options most of the time, increasing efficiency
and reducing cognitive load.

The first category is the motoric response part of the Glasgow Coma Scale(GCS)
(Teasdale, et.al., 2014) utilised to measure consciousness level. This order is based
on ambulance guidelines, where GCS is the most important variable for a serious
medical situation out of this list (Region Stockholm, 2021).

Injury mechanisms have two categories, traffic and other. They can be switched
between using tabs from material design. Here, Traffic is preselected based on the
SOS call to avoid unnecessary clicks. While SOS call is quite limited in providing
the information, it should be able to give enough information to differentiate the
injury mechanism between Traffic and Other.

Figure 5.28: Regions as a part of the AIS system to measure the severity of trauma
injuries.

AI Output
If clicking on the notification, the AI indicator on the top bar, or sliding from the
right anywhere on the page, the AI output slides out from the right, shown in Figure
5.29. Sliding back on it or clicking outside it is closed again. This way, AI output
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is always available, no matter which page you are on, and you don’t need to stop
what you are doing to get to the page. The page is divided into three main sections,
prediction and guidelines, predictors, followed most important missing variables.

The first section provides the most important information, and for some cases might
be all the user needs to see. It contains the risk prediction, confidence level and
guidelines. The guidelines here are just that the confidence is high enough for the
nurse to follow them and to use their own expertise. They could also contain different
guidelines, related to the case, such as recommended treatments related to the case.

Predictors show the predictors that contribute to the confidence level of the algorithm,
against and for a serious condition. These are card based, inspired by Paratus. They
are ordered from left to right, starting with the most important contributor to the
prediction. Sometimes, there can be more predictors available than there is space for,
and then the individual lines are scrollable from the side. Confidence contribution is
displayed with a number from one to five and uses neutral contrast levels to make it
easier to distinguish the contribution level quicker. Colours are not used to avoid
biassing the interpretation of the predictors. Contrast is not the most precise method
of data visualisation (Cleveland, & McGill, 1984), but considering the data is ordinal
and combined with the numbers, it was deemed good enough.

The predictor cards should be intractable, allowing one to change them and giving
very quick information as to why they are important. This was investigated briefly
in the low-fidelity prototyping phase but due to time constraints was not developed
further for the testable prototype (Figure 5.29).

Clicking in the top right corner of predictors brings up a second way to view the top
three predictors for and against, shown in Figure 5.30. This is an alternative, slightly
more precise view of how much they contribute to the confidence level. The choice
of which to show is left up to the preference of the user. The exact measurement
of contribution is not really that important, but knowing which variables are most
important and which ones can likely be ignored should inform the user of how the
AI came to its conclusion.

Finally, the most important variables allow the user to add additional variables that
the AI currently lacks but deems important, see Figure 5.31. A dialogue window
appears, creating a similar input layout from the corresponding page that is taken
from. Clicking outside it or making a selection removes the dialogue unless there are
multiple possible selections, in which case a Submit button is added, as in the case
of AIS regions. Selecting an input quickly makes the input be highlighted to confirm
the selection before removing the dialogue.

Vital parameters, shown in Figure 5.32, are heavily inspired by the same page used
in the Paratus system, with some changes. A highlight is added between 70%-100%
to make it easier to see the most important percentage areas. All icons are symbols
that relate to the parameter they are corresponding to instead of being arbitrary.
Confidence level has been added as well, also displaying the colour-rated seriousness
prediction. Having two different Y values, absolute numbers and percentages, might
appear confusing to casual users. According to CSAM/Paratus’s Jonas Borgström,
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Figure 5.29: AI output overlay. The predictor cards should be intractable, allowing
one to change them and giving quick information.

Figure 5.30: A second display to view the top three predictors for and against.
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Figure 5.31: Additional variables view of the AI currently lacks but deems important.

it works well for medical professionals. For most parameters, you look at the left
Y-axis. It is only Oxygen Saturation (SpO2) and AI confidence value that needs to
be checked on the right Y axis. Clicking on the cards on the right should highlight
which parameter is selected, but was not functional before testing.

Clicking on the boxes displaying changes in AI confidence should expand as to what
the primary reasons for those changes were, however, this was not investigated further
due to time and knowledge limitations.

5.6 Test and evaluation

5.6.1 Expert evaluation
An interaction design lecturer with a PhD, an industry UX professional and an
interaction design student investigated the system before the final touches were made
before testing. The prototype displayed in high fidelity is with minor changes done
after the expert evaluation.

The lecturer was positive about the design. The main comment was that some
buttons appeared like they could be a bit small for the use case. This was improved
for the final prototype. A discussion also took place on whether to use an indicator
to show that you could drag out the AI output from the right. Arguments against
is that it is a functionality that will be used repeatedly as a professional tool, so
after a quick onboarding process and some experience such an indicator would not
be needed. It might also create visual excise and not clearly indicate from where on
the screen you could drag. It would likely be placed on the edge of the screen while
you could drag it from the middle. Arguments for an indicator included that the
ambulance service has a lot of personnel rotation, so new users might be common
or older users that haven’t been active for a while, thus good to have a constant
reminder of the functionality. A clear-cut answer was not found during the discussion,
thus the indicator was cut to save time.
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Figure 5.32: Vital parameters chart

A former UI/UX designer at Avega gave feedback focused on the visual design
part. He pinpointed the design mistakes and recommended reconsidering a few things
such as; grouping and visual hierarchy, colour and highlight, re-organising focus area,
and alignment concerning visual interface design principles, see Figure 5.33.

The student had good things to say. His main gripe was that he wished the
checkboxes on the WEST screen were more like buttons. We thought that having
them as buttons instead might clutter the interface, so instead created small rounded
outlines to help with finding the touch area.

5.6.2 User tests
This usability study was conducted in a setup environment reserve room with a
camera and a voice recorder (figure5.34); because conducting field testing in an
ambulance is impossible due to the risk of disturbance in the ambulance work routine.
The test study used a think-around method while the participant is doing the test
and answering follow-up questions at the end of the test.

Testers from VGR were recruited through contacts, mainly using mail. Testers
from Halland were recruited at the station between missions. No compensation was
advertised for the testing, but they were given chocolate as a thank-you. The table
below(Figure 42) displays the distribution of the users, divided by years of experience
and the two regions. Note that VGR still uses a paper journaling system for triage,
while Halland uses a tablet-based journaling system. There was no difference in
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Figure 5.33: Feedback from a UX designer

Figure 5.34: User test setting
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the testing between the groups. The test took 30-45 minutes. After a 5-minute
introduction, each participant performs two major tasks for 15-20 minutes. They
then had around 5 to 10 minutes of discussion.

Table 5.1: Distribution of testers

Group <10 years exp. >10 years exp.
Halland 1 2
V GR 2 2

According to usability testing standards, the recommended number of participants
is 4-8. While 4 is enough to find most errors, having a few more can still help in
finding critical problems with the system (Rubin and Chisnell, 2008).

Table 5.2: The table of participants who participated in user testing. Experience
shown in years

Subject Sex Age Exp. Region
no.1 M 43 17 VGR
no.2 M 25 4 VGR
no.3 M 33 10 Halland
no.4 F 47 16 Halland
no.5 F 42 6 Halland
no.6 M 37 6 VGR
no.7 M 48 15 VGR

Figure 5.35 is the setup of the conducted usability test for this study. The introduction
was presented as a video recording to maintain the quality of the introduction part
the same in each test. The introduction quickly explains the overview of the AI-driven
decision support in the design and the overview of the UI layout as we assume that
the digital software will need to be trained in the primary use in ambulance education
requirements about AI-driven decision support in the future. For the script of the
video, see Appendix B.

After the introduction, two prominent medical cases and a task on each were given
on paper. Both cases are trauma cases, one a traffic accident of a 29-year-old male
and the second an 80-year-old woman falling on a hard floor. Both are based on real
cases. The traffic accident is a case that is often over-triaged, and the fall accident
is often under-triaged. To read the tasks, see Appendix B. During the test, the
participant used a think-aloud protocol (Martin et al., 2012). The participants were
asked to speak out their thoughts and what they saw while having their voices and
hands recorded. After finishing interacting with the system, a contextual interview
about the prototype with a focus on the AI output took place (Figure 5.34).

The results from the usability test are found in the following section. They are
divided into different parts, behaviour, which generally means observed interaction
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Figure 5.35: Usability testing flowchart

with the system without intervention and discussion, which generally means their
reflective thoughts during or after the interaction. A summary is provided, gathering
the most important findings.

5.6.2.1 WEST

Behaviour

• Many misses Situation text-field.

• Easier for VGR nurses since Halland nurses don’t use WEST.

• Easy for everyone to read and understand the vitals.

Discussion

• Current paper journal is limited in number of preconditions - the digital system
could support more and be more specific.

Summary

VGR testers really liked the page, while Halland felt a bit confused since they use a
different triaging system. Still, both groups were easily able to interpret and interact
with the page. However, the Situation text field took less focus than the rest and
was often missed.

5.6.2.2 Scenario

Behaviour

• Many asked for a front and back body.

• Was a bit difficult to be precise with the AIS body, some sections were too
narrow.

Discussion

• A future adaptation could be to expand the interface based on what you
have put in. For example, if you click on Motor Vehicle you could get more
parameters such as seatbelt usage.

• It lacks input for nerve damage outside of the central nervous system.
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• One tester thought some Unknown inputs could be removed, as in the case of
the GCS motorics.

Summary

It was generally easy to understand the page and fill in the information. The AIS
Body input was a bit hard for some, but most had no issues with it. One nurse said
they don’t use GCS in Halland so that also created some confusion.

5.6.2.3 AI notification and interaction

Behaviour

• Colour-coded notification misinterpreted as AI-led decision.

• Most continued with the interaction on the current page before acting on the
notification by opening the AI page.

• First time when opening the AI, about half of the participants opened it from
the side and the other half opened it by clicking the top-bar icon. Once this
behaviour was set it was usually continued, though some used both.

• AI indicator on the top touch areas was too small and was hard to click for
some participants.

• Notification and its text were too small.

• Notification text was not clear enough for new users; users did not understand
what to do when the red notification came up saying “Possible high risk. Few
parameters required for prediction”.

Discussion

• This section was barely mentioned by participants. Some found the notification
confusing.

Summary

People did not react directly to the notification. Most noticed it but didn’t act on it,
others ignored it. Everyone successfully opened the AI page.

5.6.2.4 AI page

Behaviour

• Difficult for many to understand the confidence number on the cards which
increases the likelihood of the AI to predict a more serious outcome. Many
thought of them as seriousness level on their own, similar to a specific vital
sign being Red according to NEWS.

• Many could not discern the difference between the predictors for and against a
serious condition, usually because they didn’t read the title text.
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• Some tried to click on the output cards, which should be intractable. This
would allow them to change parameters, view the choices again or get more
information. But that wasn’t programmed for this prototype.

Discussion

• Predictors and missing variables are good reminders for experienced personnel.

• Both prediction and variables are likely very good for new nurses.

• Majority preferred AI cards to Chart, since it was easy to read and gave a
good overview, but Chart was easier to understand for many.

• Easier to take multiple parameters into account, because today a lot of them
are in the head.

• In the case of less time-critical patients, some nurses stated that some param-
eters that might make less sense would be good to have more info on when
interacting with them.

• AI cards with missing variables that are interacted with create a sort of back-
and-forth communication between the user and the system, making it feel more
fluid and increasing trust in the system.

• Should show what kind of situation the AI thinks of, as well as give treatment
guidelines.

• Good that the confidence scaling of parameters is not using colours since it
might confuse the user.

• Darker shade of grey for stronger prediction was a good help in viewing the
page. Helped both in getting an overview and in understanding.

Summary Many had issues with interpreting the different rows of predictors, but
after the test with some guidance, most thought it was clear and useful to have both
for and against on the same page. Many understood the numbers for confidence
on the AI cards, but some misinterpreted them. Halland users had an easier time
interacting with the page in general, naturally clicking the missing variables cards.
All users found this page helpful, as a reminder for what they could have missed
and which predictors were important in the case. AI prediction works like a second
opinion, similar to how they currently ask their colleagues about what they might
be missing or what triage to make.

5.6.2.5 AI’s prediction

Discussion

• Would not trust AI initially if it makes a different decision. However, it might
slightly change their own decision, such as if the personnel thinks a patient
is most likely yellow but could be orange. An orange or a red AI prediction
might change the personnel’s decision to be orange.

• AI output can make the personnel rethink their preconceived notions.
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• Experienced nurses took in what the AI said, but felt strongly about their own
medical decisions and made them themselves, at least when getting used to
the AI. Over time, when learning how the system works, it will change when
to listen to the system and when not to.

• AI seemed to lack important variables, such as seatbelt usage. Made it harder
to trust.

• A participant thought that AI for trauma would be less useful than AI for
sepsis, stroke or KOL patients since they don’t have the possibility to know
what has happened within the body outside the hospital in the case of trauma.
The nurse argued that there are a lot of variables that are easy to miss in other
cases.

• All participants agreed that the explainability of AI was necessary to trust the
system.

• AI confidence could be interpreted differently. One saw confidence three out of
5 as too low, while others mostly trusted that the AI had come to a conclusion
based on the guidelines saying that the confidence was high enough, even
though they might sometimes disagree with the risk prediction itself.

• Confidence level could help in deciding how much they felt they could trust
the AI.

• Despite being given the same information, some completely agreed with the AI
decision while others thought the yellow prediction in the traffic case was too
low and the red in the fall injury was too high. Often they gave very different
reasonings for their thoughts. A partial explanation is likely that they didn’t
have the patient in front of them, forcing them to fill in more interpretation
gaps than usual. Still, some reasoned very differently. In the case of the car
accident, some stated red due to the high speeds on the road, while another
argued that the kinetics of a side collision is much lower than other kinds of
crashes so that the patient could either be green or yellow.

Summary

This is discussed further in the research question discussion.

5.6.2.6 Vital Parameters

Behaviour

• Testers quickly viewed this page when asked after their main tasks had been
completed. No one tried to interact with it, but all seemed to quickly be able
to interpret it.

Discussion

• Good to keep track of the patient over time. The acuteness of some patients
can change a lot.
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Summary

Due to not being interactive, it was not tested as much. Most users found it clear
and useful.

5.6.2.7 General interface

• Very quick, would help with multiple patients.

• User friendly.

• Experienced Halland nurses already felt they know RETTS by heart, and
seldom used the digital version of RETTS since it is too slow, so for them using
the system in that way felt new to them. However, one nurse thought that
even though they trust their medical judgement, following this system would
likely be better for patient safety, reducing biases and errors maintained within
automatic thinking. For now, the pad is mostly used to collect vital parameters
in Halland before filling out the journal afterwards. Perhaps a more efficient
system could help motivate IT system usage.

• While easy to understand and use for most, there should be an educational
introduction before using the system.

• Text only was almost always ignored at first. Some read it, but only after
first exploring the rest of the interface, which could lead to misunderstanding,
in particular when it came to discerning predictors for and against a serious
condition in AI output.

Summary

Overall, all users could easily interact with the interface, despite never having used it
before. The tasks given were likely a bit unclear for some since they were unsure what
to do next in some instances when they had filled in the necessary information on
the Scenario page. AI notification seemed to be what caused the most confusion. A
reason for this could be that the notification should have been clearer. Another could
be that the tasks given during testing might have been too open and should have
been stricter about interacting with AI when notified. Finally, having a notification
in the middle of filling in information was different.

5.6.2.8 System Usability Scale (SUS)

The SUS was filled in after every session. The results were then collected and
calculated to get a SUS score. However, during the analysis of the results, an error
in the survey was found. When taking the survey, users were given a question about
usability and asked to rate the statement from 1 to 5. In the SUS test, 1 represents
Strongly disagree and 5 represents Strongly agree. However, the text describing that
was missing when taking the survey. The survey was then most likely interpreted
with how much one agrees with the question, rated 1 to 5. Every odd question is
positive, and every even question is negative. Both contribute or negate the same
amount to the scoring. The scoring is consistent with observation, those who scored
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the lowest had the most issues interacting with the design, while those that scored
highest had almost no issues. Visual analysis indicates generally positive answers,
regardless of interpretation. See Appendix D for the distribution of answers for each
question.

The SUS score results were, from best to worst: 100, 87.5, 82.5, 77.5, 67.5, 57.5, 52.5.

If the study would have been done correctly, this would give the design an average
score of 75, putting it in the top 25% of SUS-tested systems and giving it a “Good”
or “B” grading (Lewis, 2018).

No major differences were found between regions, with VGR testers giving it a score
of 76.88 and Halland giving it a score of 72.5.
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6
Discussion

This chapter starts by answering the research questions. It then discusses the project
scope, the research process, and the results presented in the previous chapter. It
finishes with our reflections on human factors and ethical perspectives.

6.1 Research questions and answers
RQ1: How can dynamic AI-driven decision support be designed to work
well with the ambulance personnel workflow and work environment?

The dynamic approach, allowing AI to give a response at any time while inputting
data and actively supporting the user, is intended to speed up the current triage
process compared to RETTS or WEST. As soon as the system has enough or close to
enough information to make a prediction, it should notify the user. While this makes
the decision faster and essential for patient safety, it also obstructs the often-used
step-by-step approach of healthcare workers, where they normally make one type of
assessment before continuing with the next. The dynamic AI can disrupt these steps
at any point, and this creates a change in the workflow. While perhaps not having a
negative impact over time, it likely requires training and longer-term evaluation to
see how it impacts the workflow.

In addition, the response to the notification was not as expected. Most users ignored
it and went on with the journaling process and only went into the AI when they had
completely filled in the Scenario page. Whether this was mostly due to instructions,
the AI notification not being clear enough, or that it broke with the usual workflow,
the reason was not found out during testing. A bigger notification might have helped,
but we speculate that training in how to use the AI might be more important. This
warrants further investigation, into what the best way to notify the user of a change
in AI prediction might be.

Otherwise, the work situation for a nurse can often be stressful and sometimes they
need to interact with the system while in a bumpy ambulance. Thus, the information
needs to be as clear as possible, and easy to interact with. In this case, the AI cards
provided a nice overview and were easy to interact with.

RQ2: How can dynamic AI-driven decision support be designed to work
well with the structure of current IT systems used in ambulances?
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Throughout this process, we looked at different current ambulance IT systems and
found a majority of them currently use a system primarily designed around a tablet-
style interface. The navigation was made on the left side of the screen, allowing for
switching between different pages. By mirroring this design, it allowed us to explore
the possibilities for dynamic AI decision-support integration.

If only designing for a single AI model for trauma, perhaps just another page added
to the side would be enough. However, the goal for this system was to think a little
bit further ahead and imagine an adaptable system that should be possible to use
with other AI models and be able to be accessed at all times. It should be able to
respond to the user as soon as enough information is available.

With this in mind, we came up with a design that could be used throughout the
entire interface. This allows for continued use of the journaling system, being able to
access every page at the same time as the AI is available. Thus, the flow of current
systems used in ambulance care would not be disturbed by the proposed overlay
design for AI output. Several nurses seem to have appreciated this since it allowed
them to remain on the same page and have all the most important variables available
at the same time.

While there are likely several other ways to tackle this challenge, we believe we
propose a model that could be implemented into current systems without disturbing
the current workflow.

RQ3: How important is explainability for ambulance AI-driven decision
support?

When asked, all nurses thought of explainability as essential. Just getting a prediction
result is not enough. While our sample might not be representative, every single
ambulance nurse that tested the system thought it was important to know why the
AI came to its conclusion for them to trust it. It was clear that the nurses had high
trust in their own medical expertise, and if the system would provide them with a
different prediction, it might increase their mistrust of the system. In addition, the
explanation given by the AI about how it came to a conclusion gave many benefits
that the nurses appreciated that could help in their own evaluation of the patient,
such as the most important predictors.

It is important to note that this was of course only the result of a first encounter
with the AI. They received a barebones introduction, that it had been validated, was
better than previous triage models, and was basing its prediction based on patient
registries. This is not a realistic scenario, in real life, they would likely need to receive
a much more extensive education. Several nurses mentioned that their trust in the
system might increase over time.

While current AI models seem to work well both using transparent and non-
transparent algorithms, it is possible that future models that are a lot more accurate
could require the latter, in which case the design presented in this project might not
be possible. Then proper education and understanding of the system would increase
in importance, and we think based on the findings that it would take a longer time
for nurses to gain trust.
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RQ4: How can AI decision support be explained and visualised to increase
trust and understanding of the system?

In this design, the overall confidence level of the AI was described in a box with a
number from 1-5. This was easy to interpret for users, but it appeared to be valued
differently. While most simply appeared to follow the text saying it was high enough
for a risk prediction, others felt that a three out of five was too low in order for them
to trust it.

Many had issues interpreting the two rows of predictor cards which were for and
against a serious condition. However, just asking users to read the titles or giving a
quick explanation was enough for them to feel that the information was clear. The
chart many thought made it more intuitive to understand, but the rows of cards
were still preferred since they provided an overview that was easier to read.

While briefly investigated during the low-fidelity prototyping phase, this project
did not dig deeper into allowing the user to drill down more information about
the different variables. This could lead to misunderstandings as to why the AI has
interpreted a parameter as particularly serious. In addition, this study did not look
into the impact of displaying the combination of two parameters and giving them a
combined prediction score.

As an important note for future AI development, nurses reacted negatively when the
AI did not take into account measures that they thought would be important. In
the case of a traffic injury, the model provided did not take into account seatbelt use
or speed on the road. Either AI models need to include such parameters, or there
needs to be clear education that these are not important predictors to include in the
AI model and that it can make a reliable prediction without them.

RQ5: How could AI-driven decision support impact ambulance workers’
cognitive decision process?

A comment that recurred in most tests was that the system presented works as a
reminder as to what variables to take into account or record. This was mentioned
as a benefit both for inexperienced and experienced nurses. In the latter case,
confirmation bias might be a factor which could lead to some predictors not being
taken into proper consideration since they don’t fit into their initial judgement of
the case (Kahneman, 2011).

When it comes to interpreting the final risk prediction, according to the nurses, it
can act as a second opinion, similar to that of a colleague. Some thought that if
the AI had a different opinion than them, it could force them to rethink, making
their decision more conscious and possibly reducing bias. If on the edge between two
different risk predictions, some thought they likely would adapt their decision to the
AI. Another comment was that if the AI had a similar conclusion, it would make
them feel safer in making that judgement.

However, this is only based on the subjective experiences of the nurses’ first inter-
actions with the system. This project does not in any way prove that the system
makes nurses better at making decisions. For such a conclusion, a bigger sample size
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and comparative experiments using different systems and measuring the outcome
would be required. Still, the findings of this study could work as a foundation for a
future study measuring the impact of dynamic AI decision support.

6.2 Project scope
Going into a new field was challenging, with most answers leading to more questions.
The healthcare sector in general, and ambulance care in particular is very complex,
dealing with regulations, a variety of practices, as many systems and guidelines as
many regions, etc. This led to the initial investigatory phases taking longer than
anticipated but also granted a strong knowledge base to build upon in the design
phase.

While very few XAI projects for ambulance care were found, Andersson and Maxstad
(2022) provided a solid foundation for us to work from. This helped speed up the
knowledge-acquiring process needed for the extensive field of ambulance care. We
felt that it is important to build upon that work, not only developing a new interface
for one specific algorithm but to think further about how several types of AI could
be integrated into a wider interface. Thus, a focus for this project was to investigate
what IT systems are currently available and to make a design that fits into that
system. Our interview with Bengt-Arne Sjöqvist also gave us the basis to work
towards a more dynamic system that responds to the user in real-time.

Several systems already have satisfactory designs for things like personal information
input, what medication has been provided, etc. Thus, the project’s focus became to
design a way for AI output to be explained, in addition to some form of input to
allow the system to be tested in a normal workflow.

The system is designed to be able to work with a variety of different AI models.
Bakidou’s trauma algorithm was used to make the use cases specific, but it only
works with tabular data. Thus, the design should be able to work satisfactorily with
AI models using that data type. Other data types, such as image or text analysis
were not explored, but even then a similar system could be used where the output of
that analysis could hopefully be made into tabular data. An example could be an
image of a bruise from a blunt trauma. Let’s say that the image analysis deems it
as severity 7/10, and that data is provided to the system. However, then the user
should be able to drill down on what causes that severity, which we did not explore
during user testing.

In general, more investigations on how to drill down to access more information
would be needed in future research. Right now, the system does not provide any
interactions with the cards in the AI output. They should allow the user to change
the values on the cards, but they should also allow the user to gain some more
information. For example, in the case of the 80-year-old woman with a spine injury,
new nurses might not deem it as serious. They might be surprised by the system
deeming it as red, and perhaps not trusting it. There should be some means to get
an understanding as to what specific health concern the spine injury provides. A
challenge here is that ambulance work is both limited on time and cognitive resources,
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thus we imagine most of this information would be provided in the Summary page,
but exploring this further was outside of the scope of this project.

Finally, the dynamic system currently provided imagines an AI that can consider all
kinds of information. Such an AI does currently not exist, but they only consider
very specific information about a patient. What information is important for one
algorithm might be irrelevant for the next. For example, Bakidou’s algorithm doesn’t
take seat belt usage into account with car accidents, while another algorithm might
think of it as very important and put it as a 5 in the contribution to a serious case.
Before a dynamic AI that can combine these factors has been developed, perhaps
a system to switch between different AI predictions would need to be developed.
Perhaps several different AI could work in the background, and the one closest
to making a strong or serious prediction could be activated. This is something
that needs continued investigation as the development of AI in the medical domain
progresses.

6.3 Process
The discovery phase was prolonged within the sixteen-week project, delaying the
other phases and making the project quite time constrained. Investigating the field
of the healthcare sector is quite a challenge due to its complexity. We had issues
with people cancelling or being too busy, and that delayed the definition phase.

Perhaps alternatives to the double diamond model could have helped. The agile
approach of the design sprints framework could have led to quicker development of
early prototypes that could have let us gather early specific feedback that could have
sped up both prototyping and knowledge acquisition. Co-design would have allowed
us better access to medical expertise.

However, the design needed to take into account AI development, regulations, the
future of healthcare in VGR, current IT solutions, the ambulance work environ-
ment, and more. The need to gather information from various sources complicated
the knowledge-acquiring process, thus perhaps the prolonged discovery phase was
inevitable.

6.4 User study
The ambulance environment can be very stressful and emotional making the ethnog-
raphy in ambulances somewhat challenging. For example, sitting in the ambulance
with EMS personnel could make the patient uncomfortable. First, they needed to
understand why the researcher was there and required an explanation. The patient
in the second case did not feel like being investigated; she kindly asked the researcher
to stand outside the room instead. Moreover, the EMS personnel sometimes asked
the researcher for some physical help, which might create bias at some points. Strict
regulations made it difficult to document every detail, and photo documentation
is only allowed in some situations. The patient cases can differ, so the observation
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might better take more than one day to gain a deep enough understanding of the
ambulance workers and workflows.

The expert interviews were vital in gaining necessary knowledge about the state of
the ambulance field and further knowledge about the state of AI in prehospital care.
With most, we only had one interview, but it was enough for this project. It was
important to gather information from experts from different fields in order to get a
full picture.

6.5 Tests and evaluation
Testing using the think-aloud protocol went well, with valuable feedback provided.
Questions given to testers were often contextual and based on the interaction. Some
were prepared but didn’t follow a strict template. This might have made us lose
valuable results. For example, AI notification and opening the page could likely
have needed further evaluation but were missed when the focus became on the
explainability of the AI page.

There are three main issues concerning ecological validity. First, tests were carried out
in a laboratory setting. Thus, the vibration felt in an ambulance and the interaction
that would entail were not tested for. This mostly would impact the size of texts and
buttons, making it harder to read and push the correct buttons. However, the input
part of the design is the least important one. The primary goal is to investigate
how the interaction and visualisation of AI impact ambulance workers, as well as its
integration into a wider system. Thus, the issue of it not being done in an ecological
setting is of little concern in this regard.

Second, the scenario tested is not realistic. When it comes to medical tools that impact
life and death, they first require extensive education. In this case, the ambulance
personnel were given a 3-minute introduction which mostly just introduced the
general design and said that the AI was verified. Had they received a full education
on the system, it is likely both their thoughts and behaviours would have been
different. The primary reason for doing it in this way, outside of lack of resources,
time and knowledge to prepare such education, is that we wanted the first thoughts
on the system by nurses without being biased beforehand. This stress tests the design,
increasing the need for it to be self-explanatory. Thus, if nurses can understand
and interact with the design in this scenario, it should be satisfactory for actual
use. About half of the nurses did fully understand the role of two rows of predictors
initially, and about half only needed a few seconds of explanation to explain it. Thus
it appears the design is effective in its communication.

Lastly, one potential improvement would have been to simulate the scenario. An
actor could have acted as the patient, and instead of being given a paper with the
predictors, the nurse could have received the information required by speaking to
the patient. Doing it in this way was an early consideration, and it likely would
have increased the validity somewhat. It would also have helped by providing more
context for the nurses, making it easier to imagine using it in a real scenario. It
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would likely be more resource and time-consuming, however, and it’s unclear how
big the benefits would be.

Due to the error in SUS, it is difficult to say how much it can be interpreted. We
argue it can likely be seen as a good indicator of usability since the statements are the
same, and the odd questions are positive while the even questions are negative, thus
the results likely even out, and the score can likely still be used as a good indicator.
Even without taking SUS into account, observation showed positive results whereas
most actions were successful without assistance. This, despite the design being done
with long-term use in mind, and not intended to be used without training. We thus
argue that the design holds a high level of usability. It should be useful in ambulance
care if fully developed into a working IT system.

6.6 Human factors
No proper testing was conducted to test the cognitive effects of the design. For
example, for cognitive load, other tasks would be required to be done simultaneously
and to avoid bias it would require a bigger sample and something to compare it to.
However, the system was designed with these factors in mind and the following is an
analysis of possible effects.

6.6.1 Wickens attentional processing model
Several parts of the design tried to limit the number of required actions, which should
limit the required attentional resources. For example, trauma scenarios and injury
mechanics were auto-selected, meaning almost all steps in Wicken’s model can be
skipped.

Within the AI output, the Most important missing variables make the search for these
variables much easier, allowing for a more automatic approach, and requiring fewer
resources. However, ambulance personnel often work on a step-by-step approach,
first doing an assessment of the most important vital signs, before going to vital
parameters, looking at preconditions, etc. This approach, of jumping to different
most important parameters might make the work conditions less structured, which
instead might require more attentional resources. Perhaps the AI notification might
also obstruct the workflow. In these cases, we also haven’t tested how this would
work in a situation with a patient. Most of the input used is mostly observational
and does not require too much questioning of the patient. In a case when a patient
is being asked questions, perhaps the variables asked for can appear very random for
the patient, making them more difficult to answer.

6.6.2 4-D multiple resource model
The system itself primarily uses visio-spatial perception resources. In many cases,
symbols are used, which should reduce Visio-verbal load, such as reading text. This
frees up verbal-auditory encoding, making it easier for the personnel to listen to a
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patient while using the system. However, the system is still text-heavy, especially
when it comes to pre-conditions and warning symptoms.

Additionally, the system is visio-spatial heavy, which might lead to the user regularly
missing important parts of the interface. Colours, contrast and movement have
been used to guide attention, but the spatial-auditory perception channel remains
unused. This is an area for further exploration if sounds could be used when the AI
changes prediction. Of course, the changing work environment with ever-changing
sounds might make this difficult. Haptic vibrations, similar to those used on phones,
could also help with notifying the user. But there is also a balance on how attention
intrusive the system should be, to not interrupt the workflow.

6.6.3 Bias
Bias was a serious consideration during the design. For example, AI output cards
currently use different grey levels combined with numbers to indicate confidence
contribution for each parameter. This includes both variables making a worse outcome
more likely and variables indicating the opposite. An alternative to discern the two
could have been different colours, such as red for a worse outcome and green for
better outcome. However, red is also used to indicate a very serious time-dependent
case, and thus a variable with red as a colour might make it appear more serious
than it is, such as in a yellow prediction patient case, as an example.

Overall, the design should help against bias. Some variables might seem less important
for an ambulance worker, or some symptoms might be ignored. It is impossible for a
human to know the importance of every variable, forcing shortcuts which enable bias.
The list of most important predictors in the AI output should bring these variables
to the forefront, forcing the user to rethink and reevaluate variables that might
otherwise have been ignored. The same goes for when the AI comes to a different
conclusion, forcing the ambulance worker to rethink. However, if the AI would be
just as incorrect as the personnel, there is a risk of enhancing the decision based on
bias rather than suggesting against it. Of course, the precision of the algorithm is
what counts here.

6.6.4 Gestalt principles
These design principles were taken into consideration in many cases. Law of common
region is used, especially with the variables in Scenario, making it easy to group the
objects together.

However, the principles can also explain one of the key problems of the design. On the
AI output page, many testers had problems discerning the two kinds of predictors, as
well as missing variables. Despite them being grouped very differently with different
regions and proximity, they appeared to be too similar for initial users. This was
partially by design, they are similar in that they are all displaying variables of a
similar kind, but they display slightly different things. Perhaps colour here would
make a difference, but that might increase the risk of bias.
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6.7 Ethical aspects
When it comes to the ethics of the process, privacy was taken into account during the
ethnography phase, and all information that could be linked to a patient has been
censored. We tried to make our interactions with medical professionals as efficient as
possible to respect their time and energy.

About the design itself, based on feedback from users and experts, the design has a
high potential to improve the workflow of nurses, especially those with less experience
or who are rusty from taking a few years’ breaks from intensive work as an ambulance
worker. Thus, the design has the potential to reduce stress and increase patient
safety.

Although slightly outside the scope, this project touches upon when an AI should be
allowed to make a decision. As it is currently imagined, the AI should only make a
recommendation to the medical professionals, it is still a person responsible for the
final decision. At what confidence level and at what acuteness level the AI should
make the recommendation is up for regulators to decide. Here we have imagined
a scenario where acuteness level red requires a lower confidence level than yellow
before giving out a recommendation. AI is also only as good as its data, with biassed
data creating biassed outcomes (Zou & Schiebinger, 2018). This is however more a
question for developers of the algorithm than it is for interaction design.

Some questions remain, at what level will it actually be the nurse making the
decision and not the AI? Could the nurse become over-reliant on AI in making
the decisions? Hagiwara et. al., (2013) shows that computerised decision support
increases compliance with regional guidelines compared to paper. It might appear
likely then that AI could increase compliance even further. This might be a good
thing since AI is hopefully better at making decisions than current systems. But
what happens when someone is seriously hurt because the AI makes the wrong
decision, deeming the patient as less serious?

People seem to prefer humans making decisions instead of AI (Leyer, & Schneider,
2019). One could then argue that these kinds of decisions are already being made
with existing decision support systems. An AI is mostly a tool to accomplish the
same thing but be more precise. It remains important for the nurse to not become
over-reliant on the AI, especially in the cases when the AI appears to make a decision
that points to a less severe outcome. Good training on how the system works and
knowledge about biases such as confirmation bias (Kahneman, 2011) are necessary.
We try in the design to remind the user to use their expertise. The design would
have to be evaluated for long-term use to know whether this is enough or if the
design needs to be improved further to empower the medical professionals to make
their own decisions.
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This study proposes a design for XAI in ambulances that should work well overall
with the workflow of ambulance personnel and does not disrupt the structure of
current IT systems. It allows nurses to constantly receive feedback from the system,
which hopefully would enable them to make quicker and better decisions.

However, the design was not tested long-term and only used subjective measures.
Thus, how ambulance personnel would adapt to the system over time or whether it
actually would allow them to make better decisions was not studied. Nevertheless,
the feedback received from nurses was overall positive and provided promising results
for future studies.

We have four main recommendations for future studies:

1. Comparative quantitative studies of triage results, with or without XAI.

2. Testing displaying the risk prediction of a combination of predictors instead of
only showing it for single predictors.

3. Testing the impact and usability of drilling down more detailed information
about the predictors.

4. Testing out alternatives to our notification solution to help guide the user when
to use the system.

We believe that AI has a big potential for the future of ambulance care. A current
challenge is that the IT systems are rarely used by experienced EMS personnel, thus
the design must provide enough benefits while also being very effective in usability
and speed to promote usage. Regulations will also need to guide how confident the
AI needs to be in order to produce different predictions.
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B
Video introduction and tasks for

testing

B.1 Script for video introduction
Imagine yourself 8 years into the future. You are about to use a new ambulance
IT-system for the first time. It has AI decision support integrated into the system.

The AI triage system has been validated as a more precise triage system then
previous systems, such as RETTS or WEST. However, it still needs to be tested
with ambulance personnel, how they react to it and trust it. For this reason, WEST
is still part of the system so that it can be compared to the AI triage system.

While WEST is still there to help you, you are now expected to primarily use the
AI, of course combined with your own medical expertise to make a decision about
the patient.

The AI takes into account all the information you put into the system. Then it makes
a prediction based on that information. It has been trained on patient databases
where it compares different predictors impacting the patient to the patient outcomes.

Here is a brief overview of the system. To the left you have the main navigation. For
this test you can only access WEST and Scenario pages since they are the primary
pages for triage. Vital parameters for NEWS are automatically updated in the
system by using a monitoring device on the patient.

In the top you have an indicator for the AI, showing you what prediction the AI is
currently doing. To get more details about how the AI came up with their prediction,
you can click this indicator. You can also slide from any part of the page from the
right, and drag it out. To remove the output, simply drag it back or click outside of
it.

While inputting information into the system, at any point you might get a notification
from the system that the AI has changed or need more information. It would be
good at this point to see what caused this, and make a triage dependent on the
information you get from the AI. The AI might also ask for more input. Feel free to
follow that if you think you should.

Please note that this early prototype is a simulation of the actual system. Thus, it
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B. Video introduction and tasks for testing

can act unexpectedly. For example, clicking on the Situation text bar automatically
inputs text instead of using a keyboard or dictation.

In order for us to be able to interpret what you do during the test, we ask you to
speak your thoughts during the test. For example. it could be that when you see
the navigation bar on the left, that you spontaneously think it looks clear and good,
or that you get confused and don’t know how to use it.

B.2 Tasks
During this test you are instructed to do different tasks while thinking-aloud. You
are to verbalize what you think as you perceive and act on the system. If you want
to point to where you have your focus with your finger, this can help too.

You will now be granted two completely separate cases.

Case 1
Male, 29, car accident, 100km/h road. Side-to-side collision, truck hit the patient’s
car, passenger car into guardrail, rotation of passenger car to a stop. You record
his vitals through a device that is connected to the IT interface and automatically
updates it. The driver/passenger has been wearing a seat belt. Slight blunt injury
to arms/upper extremities.

Tasks:
You will be granted 2 main tasks. At any point, the decision support system might
give you a notification.

When given a notification, look through the current information on the decision
support page. Consider making a decision based on the data provided, or filling in
important missing variables. If the latter, start with the most important variable.

1. On the WEST page, look through the vitals and check that they are ok. Fill in
Situation information and Warning symptoms, in this case moderate pain.

2. Go to the Scenario page, and fill in the correct information based on the case.

Case 2
Female, 80. Fell in bathroom on hard floor, hurt spine and legs. High blood pressure,
other vital parameters are fine.

Tasks:
You will be granted 1 main tasks. At any point, the decision support system might
give you a notification.

When given a notification, look through the current information on the decision
support page. Consider making a decision based on the data provided, or filling in
important missing variables. If the latter, start with the most important variable.

1. On the WEST page, look through the vitals and check that they are ok. Fill in
Situation information.
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C
Consent form: Usability test

Please read and sign this form.

During this usability test I agree to participate in the testing of a digital prototype of
an ambulance it-system. During the session my voice and hands will be recorded. I
will be asked to find information or complete tasks and verbalize my thoughts while
I do so. I will then be interviewed with follow-up questions and asked to complete a
usability survey.

I understand and consent that the test leaders David Wallstén and Gregory Axton
will use the recording for research purposes only and not spread it further. The data
from the recording will be analyzed and anonymized by the test leaders for further
use.

I understand that participation is voluntary, and I agree to immediately raise any
concerns I might have.

Please sign below to indicate that you have read and understand the information
on this form and that any questions you might have about the session have been
answered.

Date:

Please print your name:

Please sign your name:
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SUS results
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Figure D.1: SUS results 1-5

II
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Figure D.2: SUS results 6-10
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