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Abstract

Designing for Prehospital
Care Training
This is an educational design project exploring how
prehospital care training can be altered to improve
mental proficiency for emergency medical professionals.
The London Air Ambulance performs a complex lifesaving procedure known as REBOA (Resuscitative
Endovascular Balloon Occlusion of the Aorta) on the
roadside; the only emergency medical service to do so
worldwide. Teams consisting of a doctor-paramedic
pairing are required to perform at their peak in extreme
environments, making training for such circumstances
crucial. As a result, this project strategically maps current
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mental processes into a framework, identifying multiple
design opportunities to approach chaotic accident
scenes. The framework acts as the basis for defining a
curriculum, which, using Instructional Design principles,
develops into a learning programme that highlights
how learners experience training activities to modify
communication habits and on-scene behaviour.
A three-part toolkit embodies this learning programme,
functioning as a sensory guide to explicitly direct
attention at pre-, mid- and post-procedure interaction
events between team members.
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Introduction

Prehospital Care & REBOA
Background
Design plays a huge role in the world of medicine, aiding
a large spectrum of people, from professionals and
doctors over treatments, to patients with a plethora of
problems every day. A large part of this is due to the rapid
advances in technology and the ability of designers to
make such technology as easily and efficiently accessible
to their intended user when the need arises. This in turn
increases the ability of medical professionals to treat
injuries and save lives, an experience unequalled in other
professions.
Prehospital Care (PHC)
In no other area of patient care is the aspect of saving
lives more prominent than in emergency medicine,
specifically prehospital care. It is defined to be the
“Assessment, stabilisation, and care of a medical emergency
or trauma victim, including transport to the appropriate
receiving facility.”

- Medical Dictionary, 2012

This means that any procedures conducted in this setting
are often completed in extreme environments, ranging
from rain pouring down on public city streets, with large
masses of people, to freezing conditions in lonely remote
mountain valleys. The extremity does not limit itself to
the physical environment, as the psychological pressure
on emergency medical staff and the extreme focus that
is required of them for a large variety of procedures
compounds this. Looking at PHC holistically highlights

REBOA Procedure1
In summary, the procedure encompasses accessing the
arterial system through the common femoral artery in
the pelvic region or the upper leg. This is followed by the
introduction of a sheath, using the Seldinger technique2,
through which a balloon catheter may be floated into the
appropriate aortic zone, ultimately limiting (occluding)
blood flow. Occluding flow can be done in different zones
of the aorta according to the type of trauma. The first
mentions of this procedure date back to the 1940s and
the second world war, with desperate resuscitative
efforts to save seriously injured Korean soldiers from
bleeding to death (Hughes et al., 1954). Curiously, it
was not until 1986 when it was described in emergency
medicine papers, with the idea seemingly losing traction
in the 1990s and early 2000s, possibly due to suboptimal endovascular technology, a poorly understood
skill set, or anticipated ineffectiveness (Stannard et al.,
2011). The procedure has been redeveloped and applied
on the road-side by the London Air Ambulance team, in
particular Dr. Samy Sadek, who is also a collaboration
partner for this thesis project as part of Foundation 5.

Nine

Six

Procedures conducted by Dr. Samy
Sadek and the trauma team since it’s
inception in 2014

Survivors of serious injuries as
a result of successful road-side
REBOA intervention
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multiple areas in need of design innovation, opening
up several opportunities from accident to treatment,
and from patient to professional. One area of particular
interest right now is the Resuscitative Endovascular
Balloon Occlusion of the Aorta or REBOA.

IXD & PREHOSPITAL CARE TRAINING

3

1

REBOA diagram illustrated in Appendix

2

Seldinger Technique illustrated in Appendix

3

Sadek & Davies, as of January 2017

INTRODUCTION

Foundation 5
Collaboration

FOUNDATION 5

Foundation 5 consists of five professional individuals who all
contribute diverse expertise into furthering emergency medicine,
from trauma care, over design, to extreme sports. Their ambitious
approach has allowed them to string up collaborations with the
London Air Ambulance (LAA), the Institute of Prehospital Care
(IoPHC) and Queen Mary University of London. Working with them
provides opportunities to gain access to these institutions and their
experts for contextual inquiries, design development guidance, as
well as providing a platform for prototyping and testing.
By working with students, Foundation 5 gains a significant
advantage in the medical field over other institutions. In the short
term this allows them to have access to more innovative, creative
and potentially better concepts which they will co-own, without
the burdens of financially driven consultancies. In the long-term
they could solely be responsible for a wave of medical innovation.
Including several academic fields and allowing students to
collaborate between institutions, automatically provides them with
a wide reaching competence pool, to develop their own vision.
Foundation 5 is a game changer in design innovation for the world
of emergency medicine. We aim to bring experts in design and front
line medicine together, backed by the industries, to create new
solutions. We have five founders, all experts in these fields, and
five core elements to our work: Innovation, Research, Education,
Prevention and Rehabilitation.
We are not here to feed our egos, build empires or make a profit.
Our goal is to push boundaries, save lives and bring the future of
emergency medicine to the people who need it.
Foundation 5 Website

MFA INTERACTION DESIGN

UMEÅ UNIVERSITY

05

INTRODUCTION

IxD & Prehospital Care
Historical Review
As previously mentioned, the benefits of
incorporating design into the medical field
are manifold, which is a factor Foundation 5
is actively working to highlight.
Historically medical devices were known
to be appallingly bulky, with ghastly
aesthetics and shocking user experience
for both doctor and patient. Technological
improvements over the years have helped
progress towards far better circumstances,
something product design has been keen
to exploit. Design now plays a hugely
important role in making a myriad of
medical devices feel more welcoming,
their information more engaging, even
integrating them where it was previously
unimaginable. However, increasing
technological capabilities and integrations
demand more Human-Computer
Interaction (HCI), where Interaction Design
(IxD) starts to play a key role. According
to Carroll, J. M. (1997), HCI traditionally
serves usability cases, taking design into
the realms of psychology and social theory,
and catering to the user’s needs with the
technology available.
By recognising that this increasing rate
of advancement brings about constant
evolution everywhere, IxD methodologies
can help medical professionals adapt and
grow as well. For example, classical design
approaches will tackle the physical, material
elements in terms of producing better
artefacts to support procedures. On the
other hand, an Interaction Designer would
employ strategic design thinking to:
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“imagine users (characters), motivations,
actions, reactions, obstacles, successes, and a
complete set of ‘what if’ scenarios”

- Stuart, 2016

to focus the design around key stressors,
ultimately making healthcare easier for
professionals and more beneficial for
patients. The human elements (learning,
cognition, motor skill, emotion etc.) carry a
lot of influence in such contexts, especially
in relation to adapting to something new,
hence taking psychology to the forefront
with IxD seems to be a direction with a lot
of potential for this project.
There are other similarities between IxD
methodologies and prehospital care on the
training side too, as exhibited by the way
simulations are built around procedures,
much like use-cases and what-if scenarios,
to boost problem solving skills and
confidence. According to Ku (2016), medical
school tends to produce good memorisers
and great technicians, but less capable
problem solvers. He believes that:
“in order to innovate in health care, we need to
really redesign how we train and teach doctors
of the future”
which is the focus of this thesis project.
The intention however, is to create a
self-sufficient system within healthcare
training. This system would iteratively
improve learning programmes to stay at the
forefront of emergency medicine, instead of
relying on repeated creativity pulses from
elsewhere, e.g. the design industry.

Prehospital Care Training
An example of simulations
conducted at the IoPHC
in London

UMEÅ UNIVERSITY
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Method

Prehospital Care Training
Initial Research
REBOA is performed on patients who are
bleeding to death, very often internally.
It serves as the modern alternative to a
thoracotomy (incision into the chest) and
gaining access to the aorta, where the
haemorrhage (escape of blood) can be halted
until the patient is in an operating theatre.
Using a double Seldinger technique, the
sheaths become large enough to insert the
balloon into the Femoral Artery, however
this procedure was only performed 9 times
in 4-5 years within the LAA, which means it
is incredibly rare. When it is required though,

it HAS to be a 5 minute procedure to save
the patient’s life. To be prepared for this
event, the best option would be to train on
real living bodies, ‘as is’, unfortunately this is
virtually impossible. In terms of technology,
the current procedure uses an ultra-sound
machine and screen, to not only guide the
needle and catheter, but also to observe
flow of the blood and pulse. With the current
mannequin the focus is on the high fidelity
nature of replicating skin and blood vessels,
as well as the quality of feedback to gain
motor memory during the simulation.

Interview
Dr. Samy Sadek (2016)
London Air Ambulance

Important Information for Development of Current Concept
Training Mannequin
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~5y

5mins

1/2h

X

Number of Resuscitative
Endovascular Balloon
Occlusion procedures
performed

Time span during which the
procedures have been carried
out until now

Duration in which the
procedure must be completed
when it is required

Potential time limit for balloon
to be occluding blood flow in
body (Zone 1 of Aorta)

Variations of injuries and
resulting anatomical distortion
affecting the procedure

50%

0%

Chance of survival for patients
suffering from serious
haemorrhage when REBOA
is applied

Chance of survival for those
same patients without REBOA
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Project Techniques
This project is being conducted in three primary stages. Each
individual section has specific techniques to guide the progress,
as well as supporting the quality of the resulting concept.

Research Concept

Evaluation

LITERATURE REVIEW

USABILITY &
FIELD TEST

Historical analysis
Quantitative research

INITIAL
CONVERSATIONS
Remote-ethnography
Expert interviews

FIELD
ETHNOGRAPHY

PROTOTYPE
DEVELOPMENT
Paper & 3D mock-up
Hardware sketching
Experience prototyping

Expert appraisal

HEURISTICAL
ANALYSIS

CO-DESIGN
Forcing functions
Use cases
Expert review

Participatoryobservation
Journey mapping
Contextual inquiry

The three stages are also represented on the personal time
schedule*, in the shape of a triple diamond process:

Understand

Research

Interpret

Ideate

Concept

Construct

Test

Reconstruct

Evaluation

*Full time plan can be found in Appendix
MFA INTERACTION DESIGN
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Field Ethnography
Primary research was gathered through first-hand
experience including participatory observation,
interviews and contextual inquiry over the course of
three separate study visits to the IoPHC at the Royal
London Hospital.
LONDON 1: D&D, Major Incident, Night Shift
The LAA runs a doctor-paramedic system. A team
including at least one doctor and one paramedic is
active at night driving a rapid response vehicle, while
another covers the day shift, usually including two
pilots for flying the helicopter when visibility is good
enough. After a short introduction, the team conducted
their Death & Disability (D&D) Reviews of incidences in
which they failed to avoid cases of death or disability
throughout their shifts. This highlighted self-learning and
potential improvement opportunities, while being under
supervision of more senior staff, who also challenged
decision making, communication etc. This form of debrief
seemed to provide both psychological relief as well as
new learning challenges. A theme that recurred was the
need to verbalise, to identify the primary injury that’s
killing the patient, and to form a collaborative action
plan to counter it. The importance of psychological
breaks was highlighted, along with passing the scene
off to the paramedic for a revision of the initial actions.
For a potential REBOA case, it was emphasised how a
thoracotomy was conducted to attend to a flail segment
(broken & detached rib cage) and to provide internal
cardiac massage. With a small dose of calcium the
heart was reanimated, followed by the application of an
aortic clamp to occlude blood flow. The major issue in
this particular case seemed to have been the receiving
trauma unit, which was not capable of dealing with the
severity of the injuries after patient handover.
During Major Incident Training, a set of hypothetical
scenarios including large masses of people or patients
was reviewed, emphasising the ethical, moral and legal
dilemmas involved. Examples included saving people who
had committed terrorist acts, or filtering patients to treat
en masse, due to limited resources. For such situations
patients would be classified from P1 (definite treatment)
to P4 (treated in expectation of death). When flying the
aircraft in hazardous areas, interpreting body language
and gaining an understanding of what is happening on
the ground before landing is an absolute must for crew
safety.
The observer shift took place on the rapid response
vehicle at night, which made it possible to experience
the team dynamics, typical work habits, as well as the
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environmental extremes previously explained. Due to
the relatively quiet shift, the team had the opportunity
to check in with the HART (Hazardous Area Response
Team) and subsequently the Ambulance Control Room
in Waterloo. The participatory observation confirmed
initially gathered information from desk research.
LONDON 2: PEER Course
The three-day Prehospital Emergency Endovascular
Resuscitation (PEER) course was a REBOA-centric event,
including lectures, demonstrations and trainings by some
of the world’s top REBOA professionals. Dr. Samy Sadek
reiterated the basics of the LAA system in detail, such as
the doctor-paramedic system as part of a high-volume
PHC service. The LAA performs REBOA prehospitally in
Zone 3 of the aorta (lower abdomen) because the risk of
blocking blood flow to the kidneys and other organs is
too high in Zone 2. However, the risk of missing the bleed
entirely in Zone 3 was recognised. The haemodynamic
effects (relating to the flow of blood) of the procedure
were specified with lips pinking up, blood pressure
rising or dipping, as well as the possibility of therapeutic
effects, such as slowing blood flow to allow clots (selfcuring aspect). Exsanguination (ExSH) was defined to be:
The action or process of losing blood to a degree that
threatens life or causes death.
To summarise, Dr. Gareth Davies (LAA) covered
underlying topics; decision making, the procedure, human
factors such as leadership or ownership on scene, and
the system to deal with patients in hospital. Furthermore
he included the need to understand the mechanics of
the injury (fall from height, T-Bone crash, crush etc.),
haemorrhage which is compatible with the mechanics
and time course (temporal context), and finally the
triggers for REBOA, like catastrophic pelvic bleeding and
fitting physiology (hypotensive, pale, sweaty etc.).
Subsequently, REBOA research from around the world
was detailed and scrutinised, regarding the effectiveness
of the procedure in saving lives, as opposed to just
stopping ExSH. Dr. Zaffer Quesim explained difficulties
and data related to Zone 1 REBOA (above organ outlets)
at his hospital in Baltimore. This was highly relevant,
because the LAA aims to ultimately change to the riskier
Zone 1 REBOA prehospitally. Dr. Jonathan Morrison
(Army) specified crucial timing information and potential
impacts: Zone 3 occlusion could be pushed to 45-60
minutes before limb ischemia occurs (hence, the ‘golden
hour’). Zone 1 occlusion would leave far less leeway at
around 30 minutes.

LONDON AIR AMBULANCE HELIPAD

HELICOPTER INTERIOR

TRAINING MANNEQUIN

LDN 1: The LAA serves all of London
from its base on top of the Royal London
Hospital in Whitechapel.

LDN 1: Dr. Sadek in the compact interior
of the aircraft, packed with emergency
kit, stretcher & space for a team of 3.

LDN 1: Current REBOA training utility,
set up in outdoor environment under the
helipad at Royal London Hospital.

REBOA KIT PACKAGING

REBOA MODULE ASSEMBLY

NIGHT SHIFT

LDN 1: Current procedure kit, split into
4 individual packs: Preparation, Access,
Occlusion, & Securing.

LDN 1: Ballistics gel acting as skin & fat
tissue, with silicon tubing simulating
vessels & water imitating blood flow.

LDN 1: The team checks all equipment
on the rapid response vehicle, prior to
embarking on the night shift.

PEER COURSE INTRODUCTION

CADAVERIC MASTERCLASS

TECHNICAL TRAINING

LDN 2: REBOA professionals from
around the world gather to present their
experiences, practices & results.

LDN 2: Foundation 5 & students prep for
dissection of corpses, practicing surgical
cut-downs for the procedure.

LDN 2: Technical demonstration of all
steps involved in the procedure, with real
equipment prior to moulage.

MFA INTERACTION DESIGN
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MOULAGE & SIMULATION TRAINING

REBOA SIMULATION

MEETING A SURVIVOR

LDN 2: A real training scenario with
helpers acting as ambulance crew &
supervisors provide injury information.

LDN2: A moulage requiring decision on
REBOA with a code-red patient, airway
secured & blood transfusion active.

LDN2: Victoria (centre) bravely sharing
how Dr. Sadek & the team performed
REBOA prehospitally to save her life.

PHC COURSE LECTURE

EQUIPMENT & CHECKLIST

EXTREME URBAN ENVIRONMENT

LDN3: Dr. Gareth Grier’s talk covering
code red patients, thoracotomies and
REBOA cases for the receiving facility.

LDN3: A paramedic in training runs
through a checklist while preparing RSI
(Rapid Sequence Intubation) equipment.

LDN3: A large-scale moulage designed to
put the trainees under immense pressure
with a loud, hectic & unsafe scene.

EXTREME EMOTIONAL ENVIR.

EXTREME RURAL ENVIRONMENTS

TEAM DEBRIEF & DISCUSSION

LDN3: Paediatric burn victim, ambulance
crew & parent shouting, challenging
decisions to cause extreme stress.

LDN3: In already freezing conditions,
fish-infused salt water is thrown at the
trainees to simulate a seashore.

LDN3: All simulations are concluded
with a debrief, discussing performance
improvements for moulage and team.
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Morrison explained that techniques such as intermittent
and partial occlusion may be less harmful than complete
occlusion. He pointed out that the rate limiting factor
is early access to the artery, before the loss of blood
complicates it even further. This was later confirmed
by Dr. Edmund Søvik from Norway, Dr. Zaffer, and Dr.
Tatsura Norii from Japan.
A panel discussion between all presenters, again
brought to the forefront the amount of effort involved
for the receiving facility of REBOA patients, as well as
the team dynamics between doctor and paramedic in
order to move the patients as quickly as possible. The
discussion also emphasised the handover and the team’s
responsibility to push proceedings at the trauma unit
after arrival, really driving the first hour at hospital,
as post-procedure care is as fundamental as placing
a balloon in the patient in the first place. After several
moulages with different types of injuries, as well as a trip
to a cadaver lab to practice surgical cut-downs (surgical
incision in groin area to locate femoral artery), the
conclusions of both research trips started to overlap with
a deepening understanding and amount of detail:
Pulse quality and imaging (ultra sound) are major factors
in finding arterial access, which is already difficult in
stress situations, when the whole team tends to wait
for that one step. In theory, any clinician should have
the ability to perform REBOA, it should be that simple,
however training is identified as the barrier. Haptics
are very limited, as minimal pressure tends to be felt
while entering the artery with the needle. The team
has to work in perfect unison to cater to the patient’s
needs, stay in constant communication and reach key
decisions together. The paramedic should be capable
of running the scene to give the doctor full bandwidth
to perform REBOA. Verbalising key information is a
safety mechanism, as multiple people will be able to
recall it. Time is of absolute essence, before starting the
procedure (blood pressure falling, vessels constricting,
pulse weakening), during the procedure (5-7 minutes,
to stop ExSH, subsequently packaging and moving to
hospital) and after (keeping occlusion time as short as
possible, limiting ischemia and neurological impacts).
Dexterity is affected by weather, as well as location
e.g. left or right handed doctors, lighting mediating
positioning of screens etc. Logistics on site end up having
extreme importance for efficiency, putting pressure on
the paramedic to coordinate resources coupled with
situational awareness on top of the general cognitive
load. Resources in this case include any crew available,
bystanders, on top of equipment and supplies brought.
LONDON 3: PHC Course
This five-day course focused on training clinicians to be
able to perform at the level required by the LAA, with
the aim of being able to join the team if all assessments

had been passed. The format included lectures and
presentations in the mornings, followed by practical
simulation training in the afternoon.
The initial days concentrated on patient examination and
specific types of injuries. The doctors would be required
to consciously look at, listen to and feel the patient. The
primary survey (<1 second) should provide a general
idea of the injuries, whereas the secondary survey (~30
seconds, examining facial bones, down over femur to
the toes) should be the confirmation and foundation
for the plan of action. Securing ABC (airway, breathing,
circulation) should be the initial step, before tending to
other injuries. Psychologically the team needs to avoid
cases where they actually force an error of treatment by
pressuring paramedics on scene when they are not ready
to do a handover.
“The golden hour belongs to the patient, it starts from the
moment they’re injured, the moment they’re shot.”

- Dr. Gareth Davies, LAA

The holy trinity of acquiring the best information in
order to provide the best treatment include: first-party
witnesses, the first police/fire officer on scene, and the
first clinician. The culture of the LAA became a lot more
apparent too. The team should take control and own
the responsibility of manipulating the environment to
conduct proper patient examination, which may require
moving the patient. Regardless of how contained
situations are, they can always become unsafe, therefore
the team cannot drop their guard. Acting in the patient’s
best interests is the priority; ultimately it’s not about a
process, it is about humans. The course heavily revolved
around managing a scene in extreme pressure situations.
Moulages were set up to replicate this, urging the teams
to learn when to switch the role of team leader, how
to voice decisions made, where to manually override
equipment, because reading buttons becomes extremely
difficult under pressure etc.
The course concluded with code-red patients (such
as REBOA cases), and how the system behind dealing
with them in hospital is set up; blood, anaesthetists,
surgeons etc. being called to the operating room.
Automatic triggers for code red patients include a
systolic blood pressure of <90, poor response with active
haemorrhaging, or clinician judgement. Dr. Gareth Grier
(LAA) reiterated how people tend to panic when asked
to perform REBOA, whereas asking them to thread a
wire, as a sub-step of REBOA triggers enough focus
that the procedure actually becomes easier. Dr. Gareth
Chalk (LAA) subsequently talked about the importance
of communicating well and making everyone on the
team feel important when a set mental model exists,
considering the eyes-in and eyes-out principles (passing
the team leader baton).

MFA INTERACTION DESIGN
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METHOD

Procedural Stress
Problem Analysis
Initial interviews and desk research have both shown that, while emergency medical
professionals are some of the most skilful and knowledgeable members of the patient
care community, the breadth of procedures to be on top of is very demanding. In order to
provide life-saving interventions however, this solid requirement must be tackled in an
efficient and effective manner, which Interaction Design seems well suited for.

High Fidelity Motor Memory

Life-like Moulage: Living Interface

Team Dynamics & Communication

Repeatedly conducting procedures on a
test-bed with high fidelity feedback and very
accurate simulations, nurtures procedural
memory of the surgeons. Circumstances
for each instance of a procedure may alter
drastically as violent crimes like stabbing or
traffic traumas, can cause the anatomy of the
patient to be different. Additionally, a number
of physiological factors influence even the
most basic application of procedures, e.g.
elderly having harder blood vessels. Therefore
there are variables within said motor memory
which the surgeons have to be prepared for.

Material explorations can also be carried
out in order to maximise the life-like
aspects of the training device, to achieve a
surgical ‘cut-down’ equivalent of skin and
vessel tissue, which opens up opportunities
for investigating or developing ‘living
interfaces’: Organic mimicry and technical
reproduction of biological features with
feedback unique to those features. Current
mannequins are generally constructed
with latex tube simulating blood vessels,
surrounded by ballistics gel blocks acting as
flesh and skin.

Social considerations and team dynamics
are an incredibly important factor as well,
especially considering that different response
teams work on the same patients. Medics
who are first on scene, convey their basic
info verbally to the advanced trauma team,
who then assess the situation first hand.
Regardless, the most valuable info tends
to be an account from bystanders who had
seen the incident live. The underlying design
issue here is to identify how much info can
be added to the training tool without adding
excessive complexity to the communication.

Extreme Environments

Mental Models & Psychology

Post-Procedure Care

For prehospital care, a major issue is also
the immediate physical environment the
surgeons and patients are exposed to. In
order to simulate the levels of stress, in
combination with natural factors such as
heat, cold, wind, rain etc., and social influences
such media coverage by crowds of people,
training mannequins are often physically
thrown under lorries and left in the ‘wild’.
While having high fidelity feedback, these
circumstances would simultaneously require
such a training device to be incredibly robust
and easily kept in operation.

Checklists are commonplace in prehospital
care, but badly designed checklists could
make things even worse. Acknowledging
that human error is inevitable helps the
psychological barrier for crew resource
management. The design challenge here is
to provide training for optimal performance
and arousal, like a state of flow, when the
team’s mental bandwidth is filled up. It is
important in such pressure situations to
avoid regressing back to initially learned
methods, despite being trained to use a
new method. With complex scenes, the
Zeigarnik Effect (effect of incomplete tasks
on performance) may start to take its toll on
the bandwidth at which the team operates.

Finally, for a procedure such as REBOA,
removing the balloon upon reaching the
emergency room simultaneously means
washing back all the toxic build up from
the damaged vessels, which had not been
supplied with blood during the occlusion.
There is critical information passed during
handover which must happen as efficiently
and clearly as possible, including balloon uptime, the effect of re-inflating/deflating and
the balloon shifting to different aortic zones,
potentially changing the region of the body
which is supplied with flow, ER triage etc. all
of which needs to be considered for REBOA
and training associated with it.

14

IXD & PREHOSPITAL CARE TRAINING

Additional Desk Research
To fully understand the psychological complexities of procedural
memory and how to exploit human traits, further desk research
was carried out. Wikipedia (2017) defines procedural memory as
“Implicit memory that aids the performance of particular types of tasks
without conscious awareness.”
Motor Behaviour
For these training procedures, the human motor programme is
of particular interest. According to Shadmehr et al. (1997), motor
skill involves learning an internal model of the dynamics of a task,
which enables the brain to predict and compensate for mechanical
behaviour. Through this process, initially stiff, easily disrupted and
slow motor behaviour becomes smooth and calm, with decreased
muscle activity to perform tasks, requiring less conscious effort.
Muscle memory encoding can be used to help this learning process.





Words

Visual Representations

Semantics, Terminology, Ontology, Tone

Typography, Diagrams, Graphics,
Hierarchy





Physical Objects & Space

Time

Tangible Means of Control, Perceptible
Feedback

In which user interacts or experiences
dimensions



For this project, I would urge behaviour
to be viewed as the behaviour of
interaction material itself, as well
as the reverse, the user behaviour
dictated through interaction, which
over time would develop into habits.

Behaviour?
Action, Operation, Presentation,
Reaction

Muscle Memory Encoding
Wolpert et al. (2001) outline how muscle encoding concentrates on
mastering sensorimotor transformations which are bidirectional,
like input and output of a system, to learn to predict sensory and
motor consequences of actions. Through repetition (training), the
central nervous system combines and compares actual sensory
feedback with an internal predictive model, forming a feedback
loop to automatically improve said model. This is known as the
autonomous phase. Exceptions in such autonomous performance
are known as ‘choking’. One should also consider the three
algorithms for learning; supervised, reinforced and unsupervised.

Forming Habits
Habits are behavioural patterns which define a lot of human
character both privately and professionally. In order to have some
sort of impact in forming habits, Charles Duhigg (2012) developed a
method revolving around principles borrowed from B.F. Skinner and
his Behaviour Design theories.




Goal of learning is to ultimately
improve performance



Learning is the only mental
mechanism fast enough to adapt to
flexible circumstances



Motor learning considers how the
brain adapts to body, processing
input & output



So, motor control is thought of as
the transfer of sensory input to
consequent motor output

Fine Motor Memory
Another potentially important aspect is fine motor skill, referring
to transitive movement through a tool (Krakauer et al., 2006),
exhibited by the human ability to perform tasks through a pen or
knife. This kind of memory is susceptible over time, as seen in music
memory, where a combination of notes is more easily remembered
if the brain is provided with sufficient breaks to absorb it.
Interaction Design Dimensions
A huge part of this project is about the educational value of the
process and its results, therefore the essentials of interaction
design have also been revisited. Included are the IxD dimensions or
languages (IxD Foundation, 2015) which build upon each other to
form coherent interaction concepts:





Cue

Routine

Reward

Stimulus, usually Visual

Triggered Behaviour

Pay-off for Repetition

Having understood the basic behaviour model, the next task would
be to uncover current user habits through qualitative (logging
behavioural patterns for tasks to understand cues) or quantitative
(standard operating procedures, requirements etc.) methods.
Duhigg describes that subsequently those habits can be tweaked,
through explicitly keeping cue and reward the same, but creating
a new routine. While it is human nature to resist change, delicately
designed feedback loops (what is said, when is it said, how does
it look etc.) can achieve the desired behaviour. Additional pointers
which would be relevant to training refer to communicating both
right and wrong, being able to match visuals to dialogue, being
consistent and most importantly not being oppressive. Ideally,
this opens up bandwidth and with it, the capacity to make better
decisions, doing so faster and more reliably to care for the injuries a
patient may be subjected to.
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METHOD

Conclusion
Problem Description
I would like to develop a training toolkit that
effectively trains and consistently keeps
new emergency clinicians fully aware and
capable of the complex details in conducting
prehospital care procedures, such as
REBOA. The focus of the simulation would
move away from high fidelity feedback for
the minutiae of anatomical accuracy, and
expand to the psychological environments
these professionals navigate during
procedures. This decision is based on the
overwhelming potential of the mental
learning approach clearly visible upon
reviewing the research material. I would
like to do this through the use of a variety
of training modules, which exploit separate
psychological elements in the cognitive,
affective and psychomotor domain. For
prehospital care training these domains
materialise in the shape of confidence,
decision-making, verbalising, physical
performance etc., with the ultimate goal of
constructing more efficient mental models.
From a sociosystemic point of view there

+
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are a number of intra-team dynamics,
namely information communication,
procedure logistics and support, scene
responsibility etc. for which the paramedic
can be considered the ‘service provider.’
Conclusively, this training tool is directed at
the educational aspects of the professional
end of the user scale, particularly the
paramedic. Its potential impact would
disseminate into reduced stress, more
effective care, and efficient transfer of
trauma patients, as well as ultimately
more capable emergency staff. This should
contribute to saving lives and reduction of
negative lasting impacts for patients as
prolonged interventions completed at the
road-side become less frequent.
Additionally, there is potential for a
simplified REBOA-specific training tool to
have far bigger impacts, such as minimising
maternal death for mothers in the third
world, especially when designed with lowfidelity training material in mind.

Goals & Wishes
Having such a rich institutional framework
to work in is highly encouraging and
enables a new level of detail with which a
very particular problem, such as REBOA,
can be addressed. Personally, I’ve never
approached medical projects from either
Industrial Design or specifically Interaction
Design perspectives, which makes this an
opportunity to open up a new horizon for
myself, with the potential to learn far more
than would have been possible through an
individually developed project brief.
Learning would come from applying
personal techniques and skills within the
restrictions that come with a very specific
yet unfamiliar area. The particular brief
however, should help keep the solutions
and breadth of the project in check from
the very beginning. Ultimately, I believe this
will contribute to a very refined concept
and a far more practical application of
time and project management, while
creating a fruitful learning environment for
the last stage of my studies. In addition
to the institutions, I will have access
to real people, situations and extreme
environments in which these procedures
would be conducted.
An opportunity like this allows me to
grow personally and gather unique life
experiences, on top of the academic
benefits. This brings me to my final point,
which revolves around completing a project
that has a tangible, real world impact, for
which there is an urgent need and with
which comes an opportunity to directly
contribute to the saving of people’s lives.
This point in itself, if achieved through
this project, will overshadow academic
achievements with charitable pride and
personal satisfaction.
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Exploration Framework
Ideation Process
The early ideation process incorporated certain elements
of research synthesis to spot patterns or interesting
anomalies while reinterpreting the vast amount of
information gathered. This step tends to provide enough
refined detail to build an exploration framework for the
ideation phase, without falling back into the complexity
of the research, in this case, the medical world and
thought-styles particular to it. This framework assumed
the format of a diagrammatic model, and was developed
iteratively throughout. At first a list of procedural steps
allowed for immersion into the process the doctors go
through, followed by drawing experiential circumstance
over the whole time frame. The model then represented
an experience map, with additional axes, doing (actions),
thinking (general cognitive load), and feeling (overall
confidence) pinpointing interesting load peaks not on,
but before most major steps, during which confidence
drops. The procedure was personally conducted to
verify this data and lead to the conclusion that a training

programme in layers could be beneficial according to
the researched memory principles. Dr. Gareth Grier’s
statement (right) formed the ultimate trigger to pursue
this development route. There are several benefits in
breaking things down into comprehensible building
blocks, or modules, as the basis of the training kit:
THE ABILITY OF FOCUSING TRAINING AROUND THE MORE
COMPLEX AND LESS CONFIDENCE-INSPIRING PARTS OF
THE PROCEDURE PRESENTS ITSELF
MODULES CAN BE TAKEN OUT OF CONTEXT TO
CHALLENGE MENTAL AGILITY AND FLEXIBILITY
SEPARATE MENTAL MODELS FOR INDIVIDUAL MODULES
CAN BE FORMED TO CONSTRUCT A LATTICEWORK WHICH
WILL FORM A LARGER MENTAL MODEL AS A WHOLE
TASK COMPLETION ISSUES IN THE FORM OF THE
ZEIGARNIK EFFECT CAN BE TACKLED WITH SMALLER AND
FREQUENT COMPLETION CHECKPOINTS

REBOA Experience Map:*

15 PACKAGE AND
SECURE WIRE AND
CATHETER

P

14 REMOVE SYRINGE
AND CHECK TAPS

E
13 INFLATE BALLOON
TO 2.5ML AND LOCK
TAP

R
12 GUIDE BALLOON TO
40MM

11 CHECK BALLOON
INFLATION AND
DEFLATION

U

10 REMOVE
INTRODUCER

D

9 INSERT WIRE (BIG)
WITH INTRODUCER
TO 50MM

E
8 REMOVE WIRE AND
DILATOR

7 GUIDE CATHETER +
DILATOR OVER WIRE
(FULLY)

C

6 MAKE INCISION
WITH SCALPEL

O

5 REMOVE NEEDLE
AND INTRODUCER
OVER WIRE

R

4 INSERT WIRE
(SMALL) WITH
INTRODUCER

Doing

P

3 INSERT NEEDLE,
FOLLOWING WITH
PROBE

E

2 PUT PROBE ON TO
SEE ARTERY

R

1 LOCATE
LANDMARKS

P

Thinking

Feeling

*Final model available in the Appendix
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“People panic a little bit when
you ask them to do REBOA,
whereas if it’s about threading
a wire, there’s no issue”
Gareth Grier

H.E.M.S. Consultant, IoPHC Training

Instructional Design
With the decision to pursue a modular training kit, the obvious next
step was to analyse academic institutions and other established
learning environments in order to collect inspiration from their
instructional philosophies. Breaking down complex subjects into
material with the most appropriate balance of graspable content,
adequate challenge, and systematic evaluation is the key focus of
many syllabi, which led to the discovery of Instructional Design for
this project. As a process, it is defined as:
“The systematic development of instructional specifications using
learning and instructional theory. It is the entire process of analysis
of learning needs and goals, including the development of a delivery
system to meet those needs.”

- Berger & Kam, 1996

The outcome of this process would be the delivery of programmed
instructional materials and activities, in other words, the exact
physicalisation of a training kit as previously alluded to. According
to Skinner (1954) the most basic principles here are to learn in small
steps, with frequent questions and immediate feedback:







Small
Steps

Frequent
Questions

Immediate
Feedback

Looking back at the experience map, splitting the procedure into
small steps already brought down arbitrary observations into
clear elements, however reading further into instructional theory
exposed encouraging development potential for this exploration
framework. Bloom et al. (1956) developed a taxonomy which
classifies three domains of learning, which if applied to the model,
correspond to previously mapped information.

Psychomotor

Cognitive

Affective

What one does, physically
Motor Skill
Physical Performance

What one thinks or knows
Verbal Information
Intellectual Skill

What one feels
Attitudes
Preferences

Doing

Thinking

Feeling

Steps of Procedure

General Cognitive Load

Confidence

This in turn aids the development of learning concepts, as
potential module activities are more easily identified, for example,
the cognitive domain in verbal information requires reciting or
declaring; in intellectual skill it requires labelling or classifying
concepts etc. to demonstrate learning.
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Module Classification
At this point it was crucial to separate procedural steps into
modules with specific foci, in order to move forward with how
they function or what aesthetic qualities they should have. In
other words, it was crucial to define what a ‘module’ is. There
were plenty of variables to consider; doctor and paramedic as
user perspectives, interaction modality (visual, audio, haptic etc.),
learning domain, temporal qualities and so on. To help visualise
these, a set of physical blocks (background) was produced,
decluttering the thought process and serving as the first paper
explorations. These highlighted the need for a hierarchy to support
the learning process, which was subsequently proposed as follows:

A

B

Technical Knowledge

Application

Adequate technical ability to perform
individual medical manoeuvres

Ability to apply technical knowledge in
different contexts

C

D

Communication

Timing

Ability to communicate action plan and
delegate on scene, during procedure

Confidence in abilities to perform A, B,
& C under extreme time pressure

Because the final layer is timing, like the overall focus of the project,
enabling emergency clinicians to be more proficient and efficient at
performing REBOA becomes a more refined target.
To explore human psychology and create modules that would
ultimately encourage efficient mental models in the form of habits,
certain triggers needed to be identified. It was hypothesised
that triggers can be found in pre-existing mental models (as in
technical knowledge), in the environment and equipment (as in
application), through others and communication with them (as
in communication), or through timing. What also needed to be
recognised from the research was that the needs and motivations
of the user have to be addressed in the learning situation to obtain
a state of flow; with flow you would reach ultimate performance,
which if catered for correctly, could potentially be triggered through
a pre-programmed habit.
At heart, a module represents a learning system that directs
attention, within which the process of learning happens over a
limited amount of time between two action points of a procedure.
This system is triggered and halted through affordances, and has
quantifiable learning outcomes to demonstrate learning.
Until now it was still very difficult to imagine the tangible content of
training modules, warranting the inclusion of peers in a co-creation
session to provide fresh perspectives.
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Creative Workshop
Co-Exploration
Participants were introduced to the subject area,
without immersing them in too much complexity and
subsequently asked to consider the fundamentals of how
information can be conveyed through a modular system.
The topics included how triggers can be used, how
collaboration between doctor and paramedic could be
refined, and where design could have the most potential.
The session was remarkably fruitful in two ways:
Direct Outcomes

Indirect Outcomes
In fact, more importantly, the session unlocked new
conversations. The training modules needed to cater
to different learning outcomes for both paramedic and
doctor, while building individual mental models that
would collaboratively meet at strategic points in time.
It was highlighted that part of the difficulty in creating
modules might be due to frequently changing roles and
responsibilities throughout an intervention.

ASPECTS OF WORKING CULTURE CAN BE USED TO LIFT THE
MOOD WITH EMOTION, E.G. INFORMAL CONVERSATIONS ON
SHIFTS, OBSERVER’S STORIES, PEP TALKS ETC.
COMMUNICATION SEEMS TO BE AN AREA WHERE IXD CAN BE
APPLIED TO AUTOMATE; CHAT BOTS, VOICE INTERFACES ETC.
RHYTHMIC FEEDBACK CAN SUPPORT TIMING AND TRIGGER
RESPONSES, THROUGH AUDIO, VISUALS OR HAPTICS E.G.
BEEP TEST IN FITNESS, TO KNOW WHERE YOU ARE
CONSTRUCTING MATERIALS ON THEIR OWN MAY HELP THE
TEAMS THROUGH CERTAIN STAGES OF LEARNING BECAUSE
OF INHERENT AFFORDANCES IN THE RESULTING MATERIAL.
360° AND VR COULD BE USED TO PRECONDITION THE MIND

MFA INTERACTION DESIGN
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Analysis & Synthesis
Module Exploration
Recognising the outcomes of the co-exploration session
lead to the evaluation of the current packaging (4 packs
in LAA kit) as separate modules on a diagram. After
several iterations and reviews of ethnographic data, a
more logical separation of equipment operations was
proposed, with potential triggers of any kind included on
the lower end of the graphic.*
Once again the correlation between triggers for doctor
and paramedic was difficult to interpret, as some

tangible triggers would inspire preparation by the
paramedic for subsequent steps, while others would
require communication at the same time. This made it
difficult to identify when to favour one over the other. To
help with this conundrum, scene roles were applied to
the previously created blocks (right). Now some spatial
understanding of doctor and paramedic in relation to the
patient and equipment location could be explored, which
underlined the value of ‘delegating resources’.

1

2

3

Preparation

Access

Balloon

Package

Disinfect
Gloves
Ultrasound Probe

Needle
Introducer
Wire
Scalpel
Catheter & Dilator

Introducer
Wire
Syringe
Balloon Catheter

Plaster
Tape

L

4

R

Iteration 1

BALLOON TRACKING

PACKAGED, READY TO GO

“BALLOON TIME IS...”

CHECK BALLOON
BALLOON IN TO 40MM
INFLATE BALLOON

REMOVE INTRODUCER!

WIRE IN TO 50MM

WIRE OUT

CATHETER & DILATOR IN

WIRE IN, NEEDLE OUT

“ARTERIAL ACCESS”
NEEDLE BLEEDING

FINDING ACCESS

PROBE STARTING UP

“GLOVES ON”

Iteration 2

* Equipment symbols are the result of design development of a module
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Paramedic as Service Provider
Upon bringing this set of mock-ups into a tutoring session, Niklas
Andersson as the thesis supervisor demanded an explanation for
the difference in block size between doctor and paramedic. The
conclusion was reached that the paramedic is tasked with running
the scene and delegating tasks to others, enabling the doctor to
focus on the patient’s injuries, or specifically REBOA. From the
research, this again highlights the eyes in (doctor) and eyes out
(paramedic) approach. If the paramedic acts as gatekeeper to the
doctor’s abilities, it makes sense to focus the instructional material
around creating the environment for the doctor to perform in flow,
something the paramedic can solely be responsible for.
With this in mind, the exploration framework was taken a step
forward again, incorporating service design thinking to create an
experience map / service design blueprint hybrid (pp. 24). Treating
the collaboration between paramedic and doctor from a service
perspective allows the visualisation of a clear line of interaction
and line of visibility. The learning module could be placed vertically
across these lines to bridge service provider (paramedic) and user
(doctor) through a certain interaction medium. Standard service
design terminology could now be used to avoid ambiguity; a module
in the toolkit would be nested in a channel (medium of interaction)
where it would exploit a certain touchpoint between paramedic and
doctor as the trigger.
Affordances & Metaphors

“Why is the paramedic bigger
than the doctor?...”
Niklas Andersson
Thesis Supervisor

For this project, affordance refers to any possible action on an
object, however limited the user’s awareness is of the action. As
extensively discussed with the thesis supervisor, affordance relies
on factors similar to common sense, which are socioculturally
inherent and hence taught. The same may be said about
occupations, correspondingly, the London Air Ambulance’s culture;
what they say, how they say it, how they learn etc. because this
will help refine the use of triggers. It’s also important to consider
the value of using metaphors in training, to put abstract mental
concepts from the real procedure into concrete terms. An example
of this is distributed cognition, where understanding can be
offloaded onto the coordination between members on scene,
equipment and the environment. This emphasises how mental
models can be built differently, no longer focussing on what is
stored, but rather how it is stored and subsequently recalled.
Metaphors and triggers may also be combined to have either visual,
sound or haptic attention grabbers, and text or language as specific
information sources, forming an interesting feedback loop.
Purely Tangible Interaction Design
Throughout the process thus far, it became evident that the project
would have more academic capacity if the challenge of working
through entirely analogue media was taken up. Respectively, the
instructional material should remain as technology deprived as
possible, prioritising the significance of physicality and semantics.
By avoiding the digital, the interactions can also be tailored to
human limitations, rather than software or technical shortfalls.
This can highlight better the use of colour, symbols, language, as
well as material feel, sound, and even space as originally outlined in
the fundamental IxD dimensions.
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Experience Map & Service Blueprint Hybrid:*
P
A
R
A

Channels
Medium of
Interaction
Touchpoints
Point of
Interaction

Line of Interaction

15 PACKAGE AND
SECURE WIRE AND
CATHETER

E

14 REMOVE SYRINGE
AND CHECK TAPS

13 INFLATE BALLOON
TO 2.5ML AND
LOCK TAP

R
12 GUIDE BALLOON TO
40MM

U

11 CHECK BALLOON
INFLATION AND
DEFLATION

10 REMOVE
INTRODUCER

D
9 INSERT WIRE (BIG)
WITH INTRODUCER
TO 50MM

8 REMOVE WIRE AND
DILATOR

E
7 GUIDE CATHETER +
DILATOR OVER WIRE
(FULLY)

6 MAKE INCISION
WITH SCALPEL

C

5 REMOVE NEEDLE
AND INTRODUCER
OVER WIRE

4 INSERT WIRE
(SMALL) WITH
INTRODUCER

O

3 INSERT NEEDLE,
FOLLOWING WITH
PROBE

R

2 PUT PROBE ON TO
SEE ARTERY

Doing

1 LOCATE
LANDMARKS

P

D
O
C
T
O
R

Line of Visibility

Psychomotor

Thinking

Cognitive

Feeling

Affective

Additional Design Guidelines
Finally, through the integration of all previously
synthesised research and explorations, the framework
is fleshed out to a level where it can be used to produce
concepts. With the help of the Foundation 5 advisers
and thesis supervisor, an additional set of guidelines
was formulated to really focus the ideas in a convergent
manner, as opposed to previous divergent efforts.

Spatial Arrangements

Medical Education

Recognise the impact of scene
logistics; standing, moving, kit
dump, 360° patient access

Modules based around selfstudy and use of adequate media
can be significant

Information Overload

Hick’s Law

Pre & Post Procedure

Memory Tools

- Make use of visuals rather than text

Less = Faster, keeping choices to a
minimum if response time is critical

Consider impact of pre and post
procedure manoeuvres in the overall
performance improvement

Acronyms can be used as memory
tools in multiple formats; words,
visuals, symbols

- Use intuitive colours, e.g. green: yes
- Add friction to interactions

Learning Styles

Manuals

Procedural Stress

Playground Design

- Visual Learner: Draw a clear picture
of the experience

Integrate the principles behind
instructional manuals to make
complexity approachable for
support by non-professionals.
Consider formats like booklets,
cards, packaging, enactment, flags
(physical detachment), info strips

Attempt to use modules to take
away and deal with procedural
stress, to allow full bandwidth for
decision making, reasoning and
problem solving

Incorporate time-outs, safe place
to say anything, ask anything,
recap, and verbalise doubts, errors,
potentially away from patients
and crew

- Auditory Learner: Exploit power
of sound
- Kinaesthetic Learner: Exploit
feeling towards an experience

Data Visualisation

Environments

Scene Pacing

“A picture is worth a thousand
words”, if graphics are the best way
to communicate, if not, verbalise

Scene environments are extreme,
highlighting anxiety and arousal as
potential design targets

Attempt to design for a balanced
scene, knowing when to hurry up
and when to settle down

*Final model available in the appendix
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Module Ideas

COGNITIVE PACKAGING

DEADLY SET

ENCODED TIMELINE

A packaging design
that aids training of
verbal and non-verbal
communication with
coordinated attention,
by highlighting different
triggers through seals
and fasteners, as well as
folds or commands by the
doctor, in order to simplify
collaborative efforts.

Based on real incidences
observed at the LAA. A
preconditioning exercise,
providing both paramedic
and doctor with visual
and audible information
designed to mislead them
before arrival on scene,
challenging confidence,
verbalising and analytical
problem solving.

An analogue fail-proof
tracking system for steps
of procedure and scene
activity, which could
record timestamps live
if digitally developed.
This can replace badly
designed checklists, ease
performance evaluation in
training and help prepare
for hand over to ER.

SCENE ARCHITECTURE

SCENE PHONE CALL

SPECTATOR-INSTRUCTOR

A set of exercises that
focus on the spatial
arrangement of resources
around patient and doctor
on a scene, with the
aim to create as similar
environments as possible
in different locations. This
can improve resource
management and
streamline procedures.

Replicating a practice
currently active for
the LAA, focusing on
identifying primary injury
and action plan with
estimated time of arrival
in ER, and effectively
communicating this key
information. It encourages
decision making,
reasoning and approval.

A learning system
revolving around social
learning theory, which
dictates how behaviours
and opinions are adopted
from peers, as in training.
This is done through
exercises with 2 people,
one observing & giving
command, the other
executing and coordinating.
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Module Selection Criteria
Concept Evaluation
To make informed decisions on what modules to take on
the development path, they were evaluated according to
a version of Gagné’s nine events of instruction* (1992),
specifically adapted for this project. The adaptation is the
result of recapping the biggest pointers for the training
toolkit from the research, as compiled below. The events
of instruction were used as the foundation, subsequently
combined with the pointers where appropriate and finally
tweaked according to the numerous design guidelines
and instructional theories previously outlined.
The evaluation process was helped by the Foundation 5
tutors, as well as the thesis supervisor amongst other
design peers. If the idea was deemed to fit the criteria
well enough, it would receive a score, corresponding to
that particular pointer.

5
Providing Guidance
Demonstrates enough semantic quality in the material to support
a clear and organised learning curve.

6
Eliciting Performance
Requires clear actions, communication or otherwise appropriate
behaviour as a result of the presented stimulus, to be able to
demonstrate learning.

7
Providing Feedback
Triggers immediate feedback for actions, either through
equipment, team member, environment or temporal factor.

1
Gaining Attention
Provides a stimulus through a trigger in equipment, through
communication by a team member, environmental or temporal
factor, to prepare the learner for incoming instruction.

2
Informing
Facilitates enough affordance through semantics or otherwise
in realistic or metaphorical fashion, to inform the learner of the
required objectives.

8
Assessing Performance
Is designed in a way that allows for immediate self-assessment
regarding performance on the instructional material itself or
through doctor, and other members on site.

9
Paramedic Centric
Recognises the paramedic as the service provider and focuses on
learning that creates the most supportive environment for the
emergency doctor.

3
Stimulating Recall
Triggers pre-existing procedural knowledge to base development
of mental model on.

4
Presenting Stimulus
Emphasises particular features, such as triggers, new symbol
system, nomenclature or otherwise, to initiate learning, changing
not what, but how it is remembered.

*Original nine events of learning available in Appendix

+

26

IXD & PREHOSPITAL CARE TRAINING

Decision Matrix

COGNITIVE PACKAGING

DEADLY SET

ENCODED TIMELINE

Gaining Attention

Gaining Attention

Gaining Attention

Informing

Informing

Informing

Stimulating Recall

Stimulating Recall

Stimulating Recall

Present Stimulus

Present Stimulus

Present Stimulus

Provide Guidance

Provide Guidance

Provide Guidance

Elicit Performance

Elicit Performance

Elicit Performance

Provide Feedback

Provide Feedback

Provide Feedback

Assess Performance

Assess Performance

Assess Performance

Paramedic Centric

Paramedic Centric

Paramedic Centric

SCENE ARCHITECTURE

SCENE PHONE CALL

SPECTATOR-INSTRUCTOR

Gaining Attention

Gaining Attention

Gaining Attention

Informing

Informing

Informing

Stimulating Recall

Stimulating Recall

Stimulating Recall

Present Stimulus

Present Stimulus

Present Stimulus

Provide Guidance

Provide Guidance

Provide Guidance

Elicit Performance

Elicit Performance

Elicit Performance

Provide Feedback

Provide Feedback

Provide Feedback

Assess Performance

Assess Performance

Assess Performance

Paramedic Centric

Paramedic Centric

Paramedic Centric

MFA INTERACTION DESIGN

UMEÅ UNIVERSITY

27

RESULTS

Moodboards
Inspirational Material*
MOD1: SCENE
ARCHITECTURE
Acting as the basis for
all subsequent work
in both learning and
execution scenarios,
i.e. pre-procedure.
The material presents
mapping methods
of different scales,
revolving around
spatial understanding
and exploitation.
The focus is on data
visualisation and
building a coherent
memory tool for
recreating spatial
environments and
navigational concepts.

MOD2: COGNITIVE
PACKAGING
The primary learning
system, containing
both the equipment as
well as instructional
devices for triggering
actions or feedback,
i.e. mid-procedure.
The material
presents ways of
making complexity
approachable,
manuals that use
visual acronyms as
memory tools as
opposed to words,
with the goal of less
information overload.
*Inspirational images presented are not under ownership of the author
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MOD3: ENCODED
TIMELINE
A timing or completion
checklist which can be
nested in the cognitive
packaging, because
of their shared trigger
and completion points,
i.e. post-procedure.
Explorations range
over punch card
systems with digital
time tracking, to
modern checklist
designs. The features
should support
tracking time of
procedural steps for
better scene pacing
and highlight Hick’s
law through smaller
and more frequent
completion points to
release tension.

GEN: INSTRUCTION
MANUAL
131372

BILLY

7

8

9

AA-981964-9

2x

2x

10

11

AA-981964-9

12

AA-981964-9

131372

2x 2x

2x 2x

14

AA-981964-9

13

While previous boards
primarily focus
on the ‘what’ and
‘why’ explorations,
an investigation
into ‘how’ was also
conducted through
this moodboard.
Inspiration was
taken from the
best examples of
manuals which;
make complexity
approachable, provide
immediate functional
performance
feedback, and have
the potential to reduce
wording to visual
acronyms or the most
effective form: verbal
feedback loops.

15
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Scene Architecture
Module Development
This module comprises a learning method aimed at
the paramedic to help their task of improving spatial
awareness, communication and wayfinding, on, to
and from a scene. The learning method includes a set
of exercises that focus on the spatial coordination of
resources (such as crew, witnesses, equipment and
supplies) around patient and doctor on a scene, improving
resource management and streamlining procedures. The
responsibility of running the scene, in order to provide

the doctor with an environment in which they have full
mental bandwidth available to perform REBOA, also
falls in the hands of the paramedic. As far as possible,
accident scenes should represent consistent kit dump-,
patient-, and safe zone-locations, recreating a familiar
environment. This is expected to facilitate better team
dynamics, as doctors will have the capacity to direct
helpers and provide commands without excessive mental
bandwidth, because of spatial and systemic familiarity.

Initial Mock-ups

30

Gatekeeper Scene
Spatial Exploration 1

Focus-Command Scene
Spatial Exploration 2

Eyes-in Scene
Spatial Exploration 3

An open architecture with tightly
controlled communication.

A semi-open scene with both
team members on patient focus.

A closed architecture with minor
outward communication.

The open scene is created
with the paramedic acting as
gatekeeper, forming a shield and
sole communication channel to
the doctor. As a mindful team
member, the paramedic can time
interactions with the doctor
according to small breaks during
the procedure.

The paramedic and doctor share
responsibility in running the
scene in terms of commanding
resources. This kind of
architecture can be required
when extreme focus periods are
needed by either member for
certain treatments and the risk
of the scene stagnating is high.

For extreme situations, with the
team in need of critical decisionmaking and assessment support
from each other, the scene could
be guarded by LAS. By inspiring
the feeling of a closed confined
space, this can subconsciously
encourage item-specific, fast
and focussed performance.

IXD & PREHOSPITAL CARE TRAINING

Current team heat map reference

Paramedic
London Ambulance Service
Trauma Victim
REBOA Recipient
HEMS Doctor
London Air Ambulance

Scene Radar
Spatial Exploration 4

Paramedic
London Ambulance Service

A dynamic adaptation of the
scene to a familiar layout.

Direct Interaction Area
Trauma Team

Combining good features
of previous explorations
(psychology of scale,
command communication)
with consistent resource
locations. The paramedic
sets a scene that enables the
doctor to direct commands
and request resources for
support without shifting focus
from the patient.

HEMS Paramedic
London Air Ambulance

Module Syllabus
Architecture, the space around us, can have cognitive
consequences on our performance. In many cases, the
colour of walls alone can have an impact on our creativity
and focus. The relationship with a physical environment,
if set up well, will allow an experience of empowerment
or, if ignored, cause further restriction. As this is the
spatial context module, this is the primary learning goal:
for the paramedic to learn to create an empowering
environment for the team, especially the doctor, in
extreme conditions.
As things tend to behave, they wouldn’t be perceived the
same way over time as they would be in a static gallery.
This aspect makes it possible to use different forms of an
architecture at different stages of treatment: e.g. Scene
Radar as standard setup, subsequently a Gatekeeper
Scene during REBOA. However, this kind of abstraction
may not be beneficial to the overall building of more
efficient mental models. The module revolves around a
“high performance competence” (Gagné, 1992) learning

situation, which indicates serious consequence to errors.
In such situations it is advised to limit instructional media
and focus on simulation work, as requirements arising
from similar situations in real scenarios will be more
effectively recalled.
The instructional media in question is based on
observations of current interaction between
stakeholders on scene (see heat map above). By
producing a visual guidance as to how the scene
architecture may be constructed, the learner is
stimulated with novelty and thought-provocation. Upon
describing the required performance (e.g. transforming
the basic visual into 360° surroundings for the doctor)
the team should be directed to collaboratively construct
an architecture that is functional to them, hence
potentially leading to more than one layout. Over multiple
simulations with iterations of the desired architecture,
the increased effectiveness and performance should act
as the reward, which closes the habit-building loop.
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Psychomotor Cognitive

Affective

MOTOR SKILL

INTELLECTUAL SKILL

MENTAL OUTLOOK

Execute actions
Physically convert
verbal information into
action
Apply Social Learning
Theory

Apply spatial principles
Demonstrate delegation
skill
Solve environmental
challenges

Confidently choose
architectural centre
according to principals
Favour layout over doc’s
preference

VERBAL INFORMATION
State intent
Tell instructions
accurately
Declare issues

Learning Scenario & Design Development
As stated in the syllabus, there are three learning
domains which have to be applied in order to
demonstrate learning. In addition, an interesting scenario
occurred during one of the observations:

In such a scenario, the audio environment, either
consciously or sub-consciously, caused considerable
distress for the doctor. One paradox to consider is
that the doctor didn’t hear due to their focus, and then
stopped focussing in order to hear. Regardless, this is the
exact scenario a well coordinated scene must avoid.

“It seemed like the scene stopped and everyone was
watching what I was doing. The ultrasound was the focus of
everyone and the longer it took, the more people seemed to
stop and watch what I was doing. I couldn’t hear anything
going on.”

As a performance metric: if scene setup goes smoothly,
the doctor can pro-actively focus on femoral access and
REBOA decision-making as soon as possible and avoid
complications with the patients’ constricting vessels.

- LAA Doctor at PEER Course

D

U

R

E
11 COMMENCE
PROCEDURE SETUP

E

10 REVISE PLAN
OF ACTION
COLLABORATIVELY

C

9 ASSESS RESOURCE
CAPABILITIES

O

8 COORDINATE SCENE
RESOURCES AND
INFORMATION

R

7 SET UP REMAINDER
OF ARCHITECTURE IN
ACCORDANCE WITH
PLAN OF ACTION

-

6 (MOVE PATIENT AND)
SUPPORT DOCTOR
WITH DECISION
MAKING

P

5 COORDINATE PATIENT
HANDOVER

E

3 FIND INDICATORS
FOR DANGER AND
MECHANICS OF
INJURY

R
2 UNDERSTAND SPACE
AND LOCATE PATIENT

P
A
R
A
M
E
D
I
C

P
1 SCAN ENVIRONMENT
ON ARRIVAL

ARRIVAL

4 PICK ARCHITECTURE
CENTRE AND
COORDINATE KIT
DUMP

Training timeline acting as user scenario description:*

PROCEDURE

Doing

Bandwidth
used

TELL OBSERVATIONS

HANDOVER DISCUSS PLAN

REVISE PLAN

Doctor
interaction

*Hypothetical of how the module may affect scenarios
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Building a Spatial Mental Model
Social Learning Theory and Iteration
Mapping multiple architecture radars on top of each other would exhibit
this coherent overlap of a standard scene architecture. Through training you
increase efficiency of setting this up, this snowballs into faster patient survey,
shorter procedure lag-time, and if done correctly, provides a safe space to
evaluate all actions up until that point. Manipulating the environment to
perform at the team’s peak is key to providing the best chance of survival to
the patient. If the scene is coordinated well, this spatial mental model for the
doctor will subconsciously provide smoother communication of commands,
coordination of personnel, equipment and therefore the overall action plan.

Architecture Design: Scene Radar*

14 m
in
f lig h
t

Contact Details

Detailed Secondary
Account

Ho

First Witness
Account

Inep
t Fa
cilit
i

es
6
8
12

km

25

Witness State

sp
ita
l

64

16

Helic
opte

r

32

8 .0
4 .0

Packaging

2.0

Needle

orr

Ultrasound

ha

ge

REB

me

y Su

nt

ce

Pu

pa

m

p

Pu

fe
S

p

m

Kit

Re
d

ps

Ba

g

pplie

s

LAS

LAA
Doctor

Main Overview

LAS Driver

ump

Drugs

Gen. Overview

Kit D

Blue Bag

ion

Police

on Kit

Bougie Set

Parent

Intubati

Immobilisat

Sibling

Am

bu

Emer
genc

ion

m

Witness

OA
Equ
ip

at

Pu

Sa

em

g

ce

Ha

up

Ba

0.5

Wires

Ve
nt
il

ck

od

lan

Ba

Blo

Catheter

1.0

Balloon

Detailed Insight

ti
Pa
t
en
Ped
a

LAS

EA
SR
M’
AR

CH

l

Ex

Cru
ra

l

tre

mi

Pa
te

tie

llar

VE

s

Fe
m

Dig

l

ita

M

an

l

ua

l

Major Injury

ac
br

en

te
An

om

l
hia

GE

Mechanics
of Injury

Oral

Pectoral

Nasal

Orbital

Cranial

ic
Pelv
bar
Lum
al
omin
Abd
y
mar
Mam
ral
Verteb
Costal

N
RA

l
cra
Sa

l

hia

L
UA

ac
Br

x
Thora

VIS

Cephalic

GE
AN

Abd

R
AL
RB

ora

Environmental
Scenario Indicators
Visual
Indicators

Primary
Injury
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RESULTS

Cognitive Packaging
Module Development
The main module comprises a packaging redesign that
aids training of verbal and non-verbal communication
through coordinated attention. It does so by highlighting
different triggers through seals, fasteners, folds or
commands by the doctor to simplify collaboration. In
practice this means effectively splitting REBOA into

34

smaller logical steps, reducing the Zeigarnik effect
and opening up bandwidth. The triggers occur through
different modalities, e.g. visually; text or iconography,
audibly; verbalised commands and responses. The initial
mock-ups explore how the logical steps may be split,
what triggers to use, and how to prepare steps.

Exploring folding for
splitting up procedure
completion checkpoints.

Using folding to
minimize septic contact
with sterile equipment.

Plotting footprint to
understand spatial
impact in use/on scene.

Mock-up to deduce
the effect of folding by
procedural steps.

Mock-up to explore
potential impacts of
colour psychology.

The function of the affordances as laid out in the research work
by implying how the object is meant to be used through it’s form
or feedback. These explorations attempt to utilise affordances
in colour (coding each set of steps), separating the steps through
folds (mental breaks and completion points) and even allowing
cues to be revealed through removal of equipment during a step,
which can push the paramedic to prepare the next step. These
cues respect both the application of the equipment currently
picked up, as well as preparation of equipment for later steps.

IXD & PREHOSPITAL CARE TRAINING

Prototypes
Subsequently the real equipment was used to build prototypes
to scale and understand the dynamics of realistically using the
layout according to the concept. This lead to further iterations on
the separation of the procedural step clusters. For this module it is

perhaps the most appropriate exploration into how the framework
can be applied through instructional material, and how the
commands and iconography can actively support the doctor and
paramedic in helping each other reduce stress on scene.

1

2A

2B

3

Preparation

Initial Access

Secured Access

Balloon

Disinfectant is applied to incision area, and
additional gloves are applied. A relatively lowfootprint step for full preparation on gaining
initial access, with ultra sound and needle.

The mission critical step with the needle. A
team member can prepare wire and introducer
and wait for the call “arterial access” to pass
both over to guided into the artery by the doc.

While the doc removes needle & introducer
and makes incision with scalpel, catheter and
dilator are to be prepared. The set is then
guided over wire, and dilator & wire removed.

After preparation, large wire is guided into
patient with introducer, which is removed
subsequently. Balloon inflation is checked and
syringe & balloon catheter set put in Zone 2.

Equipment
L

R

Iteration 2
Iteration 3

Tracing equipment setup
After prototyping and adjusting the equipment
distribution, the tools were traced and
arranged according to usability insights and
procedure timeline.

Tracing command interaction
Subsequently, both the procedure instructions
and command verbalisations by the doctor
were placed strategically along the equipment
workflow, to support verbal or action triggers.
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1

2

3

Command to action stimulus

Clear equipment specifiers

Packaging bulkiness

Upon verbalisation of “arterial access” the
paramedic/helper is cued to pass the small
wire to the doctor, to immediately continue
with the procedural steps in the current set.

With colour coding and specific equipment
identifiers, the paramedic can call out the
preparation of steps, such as checking balloon
inflation which can easily be acknowledged.

With the equipment stacked under positional
accuracy in the prototype, the first analysis for
the overall size of the packaging could be used
to reorganise equipment and reduce bulkiness.

4

5

6

Hook & loop feedback 1

Hook & loop feedback 2

Zip fastener feedback

By using velcro to attach certain equipment,
the sound pattern that is produced may be
used as a trigger to identify the equipment
without shifting focus away from the patient.

Similarly, whole ‘pages’ (procedural sets) or
more critical parts of the procedure may be
separated with longer velcro strips, to be more
explicitly audible to more of the scene.

As with almost any portable bag, the sound
and feel of a zipper is the most easily
associated affordance with ‘opening’ said bag
or ‘starting’ a certain activity.

Trigger feedback exploration for fasteners:
Zipper

Paper (Gloves)

OPEN PACKAGING
ZIPPER

1

UNFOLD
PROTECTIVE PAPER

2

CLOSE PACKAGING
ZIPPER

2

PUT ON RUBBER
GLOVES

1

BREAK
DISINFECTANT
LIQUID SEAL ON
SPONGE

Velcro Patch

1

REMOVE SMALL
EQUIPMENT FROM
PACKAGING WITH
THREE INDIVIDUAL
VELCRO PATCHES

Velcro Strip

1

TURN PACKAGING
PAGE

2

REMOVE LARGE
EQUIPMENT

Action

1

Disinfectant

Sound
Visualisation

Crunching followed by latex
slap indicating the doctor is
ready for access procedure.

A short loud sound indicating
start of access procedure,
demanding complete silence.

Onomatopoeic descriptions:
hiss, rizz

Onomatopoeic descriptions:
crunch, sizzle, slap

Onomatopoeic descriptions:
crack, crunch, snap

IXD & PREHOSPITAL CARE TRAINING

A rhythmic pattern of one or
more short similar sounds
indicating which item was
removed from packaging.
Onomatopoeic descriptions:
zhish, rip, bzz - ratata

Longer and loud sound
marking the start of the next
set of steps (new page).
Onomatopoeic descriptions:
bzzz, rip - hiss

Affordance
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Long and distinct sound
indicating start of procedure
and preparation of steps.

Module Syllabus
to solve problems and respond to inquiry or command
verbally, should be presented verbally as well, e.g. the
cue: “listen for ‘balloon up’”. It is important to remember
that while presenting cues and attempting to use the
inherent haptic qualities of packaging to evolve the
mental models, the learning material serves as guidance.
As such, ‘new learning’ heavily depends on previously
acquired intellectual (and technical) skill and builds on
augmenting the schema through repeated simulations.

The module is aimed at new users, such as a team in
training or a paramedic temporarily joining the team
from the ambulance service. Therefore, the packaging
may be useful outside of training scenarios. The learning
material highlights key touchpoints between doctor and
paramedic during the procedure, the stimuli for which are
converted from words and conscious recall processes, to
simplified iconographic representations of both actions
and equipment. As presented in research, the stimuli

Psychomotor Cognitive

Affective

MOTOR SKILL

INTELLECTUAL SKILL

MENTAL OUTLOOK

Execute verbal
commands physically
Coordinate passing of
equipment
Respond to triggers
for steps in advance of
requirement

Discriminate between
codes
Identify equipment
Name steps
Treat separation of steps
as cognitive strategy

Choose breaks
effectively
Recall positive
attitude towards step
completions
Feel pride in fast and
accurate completion

VERBAL INFORMATION
Respond to commands
Verbalise intent
Declare actions

Training timeline acting as user scenario description:*
RIP OF 1
VELCRO
PATCH ON
LIQUID

RIP OF
BANDAGE
PACKAGE

Package

Thinking

Feeling

ZIPPER
CLOSING

E

14 REMOVE SYRINGE
AND CHECK TAPS

13 INFLATE BALLOON
TO 2.5ML AND
LOCK TAP

R
12 GUIDE BALLOON TO
40MM

U

11 CHECK BALLOON
INFLATION AND
DEFLATION

10 REMOVE
INTRODUCER

9 INSERT WIRE (BIG)
WITH INTRODUCER
TO 50MM

8 REMOVE WIRE AND
DILATOR

D

15 PACKAGE AND
SECURE WIRE AND
CATHETER

WHIR OF
LARGE WIRE
UNWINDING

E
7 GUIDE CATHETER +
DILATOR OVER WIRE
(FULLY)

C

6 MAKE INCISION
WITH SCALPEL

O

5 REMOVE NEEDLE
AND INTRODUCER
OVER WIRE

R

4 INSERT WIRE
(SMALL) WITH
INTRODUCER

Doing

RIP PATTERN OF 2
VELCRO PATCHES
ON SCALPEL

Access

P

E

2 PUT PROBE ON TO
SEE ARTERY

R

1 LOCATE
LANDMARKS

P

WHOOSH
OF WIRE
UNWINDING

Occlusion

CRACK OF
DISINFECT

3 INSERT NEEDLE,
FOLLOWING WITH
PROBE

CRUNCHING
OF PAPER

Preparation

ZIPPER
OPENING

P

O

S

T

Psychomotor

Cognitive

                        

Affective

*Hypothetical of how the module may affect scenarios
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+
Final Packaging

A look inside the assembly
of equipment with material
triggers and icon instructions
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Design Development

Fold Assembly

Laser Cutting

To understand the material
requirements and decide
how exactly the folding
assembly would be
constructed, small paper
trials were carried out.
These were an effective
communication tool for
which a textile fabrication
lab was visited to learn the
right tools and processes
from professionals.

After measuring and
cutting the material to size,
the graphics were laser cut
into a plastic sticker-like
sheet, which was weighed
down in order to keep the
laser in accurate focus. As
both textile and sticker
were precisely scaled and
the graphics quite high
fidelity, bonding them was
far easier while still flat.

Colour Pasting/Transfer

Sewing Components

Once the inner base fabric
and outer orange cover
were bonded together and
ironed, the sticker served
as the stencil through
which textile paint was
applied directly into the
outermost fabric layer. A
number of layers of paint
ensured a punchy white
graphic and contrast on top
of the orange.

Finally, the complex
assembly of folds with
sufficient structural
material was sewn into the
outer fabric stack, with the
graphics already applied.
The zip was then sewn onto
the edges with extreme
care, in order to achieve
a smooth sliding motion
over the chain, as well as
aesthetic stitch contours.
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RESULTS

Encoded Timeline
Module Development
The final module is an analogue fail-proof tracking
system for procedural steps and scene activity, with the
capacity to record timestamps live if digitally developed.
Aimed at training situations, it is tailored to replacing
badly designed checklists, ease performance evaluation
and help prepare for patient handover. Procedural
timestamps and key decision points on scene can easily
be (directly, if developed) communicated to remote
devices in training or an ER, which in turn can help in
tracking balloon time and simplify paperwork. The result
is less cognitive load on the team, more direct and

accurate analysis of actions, with less time spent on
retracing steps for documentation, as well as having a
potentially better prepared ER.
The material is designed in the form of punch cards
with small checkpoints. If the average time between
checkpoints is not sufficient or complications crop up,
cards help evaluate performance, and encourage critical
interaction between service provider and user, to identify
when the procedure should be aborted. They also simplify
re-training those exact pain points between checkpoints.

Initial Mock-ups
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Visual Hierarchy
Early exploration sketches

Primary Interaction
Front of card with triggers

Latent Interaction
Back of already punched card

Inspiration was taken from early
computer coding input, such
as the original IBM punch card
system. Because the cards are
intended to replace checklists,
the visual hierarchy of graphical
elements and their interplay with
the actionable area (punch hole)
needed thorough exploration.

The interaction with the cards
themselves was trialled through
a double-sided system.

The resulting and latent effect of
punching through the hole can be
used to encode information on
the card’s reverse side.
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The frontal design represents
written and visual instructions
which can also be interpreted as
cues. Upon completion of a step,
or checkpoint, the corresponding
hole can be punched.

E.g. instructions for doctor and
start of a step marked at the
front with a punch, followed by
responses and completion of the
step at the back of the flap.

Prototypes

1

2

3

Material and mechanics exploration

Functional punch hole design

Faulty punch hole design

Trialling different material thickness and
laser cutting techniques to reach the desired
resistance from the card, while keeping them
functional and sturdy.

The chosen punch hole due to its dynamic
properties; easy to punch, appropriate size,
sufficient residual stiffness to remain ‘open’,
without flap detaching from the card.

A failed design, clean separation of the flap
from the remainder of the card being difficult.
While aesthetically pleasing, the shape is hard
to punch and has a tendency to close up again.

4

5

6

Conductive ink exploration

Punch card alternative

Latent information feedback

Quick prototype to analyse the feasibility of
developing the cards into a digitally connected
system. Conductive ink is drawn across punch
holes, which break the circuit when used, hence
triggering timestamps for specific actions.

Exploration into another system with stress
relieving properties, such as popping bubbles.
The bubbles are filled with liquid and can be
popped according to completion checkpoints
marked underneath them, similar to cards.

The popping of bubbles can also have latent
information encoding capabilities which
help with communication or analysis. Unlike
cards, one bubble board may efficiently
accommodate multiple procedures.
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Module Syllabus
As with the previous module, the encoded timeline
provides contextual cues for intellectual skill retrieval
throughout the procedure (hence, timeline).

often required to process verbal information, which
requires prerequisite language skill in line with the
culture of the LAA and their ontology.

The material presents meaningful sets of information,
which conclude with checkpoints. When these are
reaching the corresponding hole may be punched,
causing stress relief (reduced Zeigarnik Effect) and
anchoring the point in the learner’s corresponding mental
model. If needed, the cards can be used to reflect on
latent behaviour and performance of learned tasks while
watching another team perform the procedure. Sufficient
mental bandwidth should be available at that stage to
internally identify cognitive strategies for improvement.
This may be especially beneficial as the paramedic is

The concept of mastery becomes especially important
with the this module in the learning toolkit, as the
outcome of ‘failure’ is undesirable and counterproductive.
At the LAA, teams have to improve constantly, hence
teaching to and learning from each other is part of the
culture. Transitioning to different media, providing
longer learning time or as in this case, helping diagnose
the cause of poor performance will avoid deteriorating
attitude of the learner. Because the attitude of the
learner towards the subject matter affects the difficulty
level, this is a delicate balance to strike in training.

Psychomotor Cognitive

Affective

MOTOR SKILL

INTELLECTUAL SKILL

MENTAL OUTLOOK

Utilise punch cards

Classify steps accurately
Generate appropriate
cognitive information
Sort information into cards
and track proceedings

Choose correct card
(based on technical and
situational awareness)
Favour concrete steps
Elect to abort/change
procedures

As research suggests, there are
events when use of a motor skill is
realistically rooted in acquiring an
intellectual skill, such as this one.

AUDIBLE INFORMATION
Process verbal timeline
Comprehend proceedings
with audible triggers

Training timeline acting as user scenario description:*

14 REMOVE SYRINGE
AND CHECK TAPS

P

15 PACKAGE AND
SECURE WIRE AND
CATHETER

E
13 INFLATE BALLOON
TO 2.5ML AND LOCK
TAP

12 GUIDE BALLOON TO
40MM

R

11 CHECK BALLOON
INFLATION AND
DEFLATION

5

U

10 REMOVE
INTRODUCER

4

D

9 INSERT WIRE (BIG)
WITH INTRODUCER
TO 50MM

8 REMOVE WIRE AND
DILATOR

E

7 GUIDE CATHETER +
DILATOR OVER WIRE
(FULLY)

C

6 MAKE INCISION
WITH SCALPEL

O

5 REMOVE NEEDLE
AND INTRODUCER
OVER WIRE

R

4 INSERT WIRE
(SMALL) WITH
INTRODUCER

Doing

P

3 INSERT NEEDLE,
FOLLOWING WITH
PROBE

E

2 PUT PROBE ON TO
SEE ARTERY

R

1 LOCATE
LANDMARKS

P

Efficiency

Checkpoint
Card

1

2

3

6

7

8

*Hypothetical of how the module may affect scenarios
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O

S

T

Encoded Timeline:

INSERT
NEEDLE

PEPARE WIRE
WITH INTRODUCER

INSERT WIRE

2

3

4

5

1

2

3

4

5

1

2

3

4

5

LOCATE LANDMARKS

FIND ARTERY WITH
ULTRSOUND

Step

1

Star t

Finish

Punch Card Design

The card system is primarily based on
instructional elements according to the doctor’s
actions. There are additional preparatory steps
which need to be completed in support of or
leading up to actions by the doctor. These are
directed at the paramedic or supporting member
of the team during the procedure. The cards
consist of an iconographic representation of
the step along with short instructions, the step
number and both start/stop holes to be punched
at the corresponding events.

3

1

2

REBO A Encode d Timeline : Card 1

ASSEMBLE CATHETER

GUIDE FULLY
OVER WIRE

9

10

REBO A Encode d Timeline : Card 2

REMOVE WIRE
& DILATOR

PREPARE LONG
WIRE & INTRODUCER

11

12

REMOVE NEEDLE
& INTRO OVER
WIRE

MAKE INCISION
WITH SCALPEL

REMOVE
SHARPS

6

7

8

6

7

8

Star t

9

10

Star t

11

12

6

7

8

Finish

9

10

Finish

11

12

4

REBO A Encode d Timeline : Card 3

INSERT WIRE
TO 50 MM

5

REBO A Encode d Timeline : Card 4

REMOVE
INTRODUCVER

REBO A Encode d Timeline : Card 5

PACKAGE AND
SECURE WIRE &
CATHETER FOR
TRANSPORT

PREPARE
SYRINGE WITH
2.5 ML

GUIDE BALLOON
TO 40 MM &
INFLATE, THEN
CHECK TAPS
CHECK
BALLOON
INFLATION

6

13

14

Star t

13

14

Finish

13

14

REBO A Encode d Timeline : Card 6

7

15

16

Star t

15

16

Finish

15

16

REBO A Encode d Timeline : Card 7

8

17

18

Star t

17

18

Finish

17

18

REBO A Encode d Timeline : Card 8
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Final Training Toolkit Design
This three-part toolkit embodies the entire
learning programme, highlighting how
learners can experience training activities
to modify mental models (including
communication habits and on-scene

44
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behaviour). Presented here is the learning
material from all modules, functioning as a
sensory guide to explicitly direct attention
at pre-, mid- and post-procedure interaction
events between team members.

Training Toolkit
Page 44 & top left: Cognitive Packaging.
Above: Encoded Timeline
Left: Scene Architecture
The toolkit also encompasses three
fundamental experiential dimensions:
space (architecture), objects (packaging)
and time (timeline). This reflects the use
of all interaction design dimensions to
build material which should help users
develop more efficient mental models.
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Project Outcomes

Project & Process
Conclusion
The overall aim of the project was to build a training
toolkit with the capacity to help new emergency medical
professionals develop more efficient mental models
for the REBOA procedure. In addition, the kit was
expected support the entire team in improving their
performance on a continual basis, through highlighting
and streamlining key interaction points.
Research
At the start of the project, comprehensive research
was carried out at various locations, utilising multiple
techniques. With the vast amount of information
available, synthesising and extracting the appropriate
opportunities, along with an adequate amount of detail
to start tackling such a specific problem, was extremely
challenging. However, the insights allowed for a drastic
deviation from what was expected to be delivered (in the
form of a high-fidelity mannequin) to an instructional
system making use of three learning domains (cognitive,
psychomotor & affective). This allowed the design
process to navigate various abstractions and potentially
more ‘high-level’ conceptual complexities, which in
hindsight was well suited to an academic setting.
Researching the intricacies of Instructional Design was
especially intriguing, due to the fact that similarities
could be drawn between the educational system this
project was guided through, and the theories which are
embodied in the project’s own learning material.
REBOA
Working at the forefront of medical innovation came
with its uncertainties, such as the lack of data to prove
REBOA’s live-saving credentials. As a reference for
alternatives however, the dangers of using pressure
devices such as tourniquets were also exposed in
this area. One example highlighted how a stab victim
bled to death in the ER, as the device failed to control
internal bleeding. The material produced in this project
should support REBOA’s claim, however the system
incorporated in the learning material is not limited to one
procedure, and should therefore be applicable elsewhere.
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Method
Very early in the process, it was decided to avoid digital
technologies and to use a more basic medium instead.
This allowed the five Interaction Design dimensions to be
explored in their most raw and primitive form, which also
managed to challenge independent design abilities more.
A personally favoured work method involving the
development of systemic models to decode user
scenarios, and to anchor design concepts in research,
flourished in this project. By borrowing mapping
techniques from Service Design and appropriating them
to this context, the exploration framework model could
iteratively be expanded and improved upon, ultimately
also forming the blueprint for module evaluation. In
the IxD dimensions, words were analysed in terms of
ontologies and derived from cultural phenomena specific
to the LAA. Visual representations were then developed
to remove words and to simplify comprehension,
reducing cognitive load. Metaphors were used to make
abstract mental models more tangible, with the result
that each module adopted one experiential dimension in
the form of space, objects and time. All methods applied
here targeted behaviour change and habits to evolve the
trauma team’s mental efficiency during the procedure.
Result
The training kit was ultimately directed at paramedics
in preparation. The three individual modules managed
to cover training scenarios for pre-, mid- and postprocedure interaction points between doctor, paramedic
and their environment. All modules highlight the
importance of communication and task shifting, while
balancing resources. The most complex and valuable
element was developing instructional syllabi with
suggested cognitive activities in each learning domain,
and subsequently creating meaningful support material.
Depending on the effectiveness of the instructional
sequences within each module, the overall structure of
training courses could be analysed in a similar fashion, to
ensure the IoPHC is a leading light in prehospital training.

Future Considerations
There is considerable scope for Interaction Design to explore
opportunities on digital equipment that is being used for training
currently as well as the actual procedures. In relation to REBOA, as
Samy mentioned:
“...you only look at the body and vessel upon inserting the needle, after
that you’re focussed on the ultra sound screen.”

“With the right training, we
have a very real chance
of substantially increasing
survival of seriously injured
patients...”

This leaves vast opportunities to pick up in terms of feedback loops
and HCI. One example is getting arterial access as early as possible,
despite REBOA not being necessary, because it is far easier before
arteries constrict. Developing a fool-proof procedure or automated
system which accounts for complications, such as clots or infection,
could be a major benefit to the efficiency at which the trauma team
can process a patient and save their life. Part and parcel of looking
at the equipment directly would be to get rid of cumbersome parts
such as wires and to reduce the large number of procedural steps.
Designing smarter and more interactive solutions in this space is
an option, however costs are a very limiting factor. Additionally,
developments around the balloon catheter with a non-traumatic
tip, which requires no wire at all, are well on their way with
companies like Prytime.
Another promising area for Interaction Design to play its part is the
audio environment. Since doctors require the scene to be actively
run around them while they’re focussing on the procedure, there
are sub-conscious psychological effects in this area:
“...the longer it took to get access, the more people seemed to stop and
watch what I was doing. I couldn’t hear anything going on.”
An evolution of the scene architecture module can account for such
instances and provide a constructive audio environment in addition
to the spatial layout. But the technological advancements around
conversational user interfaces must also be considered. Chat-bots
and voice commands can be of great benefit in both training and
real scenarios to track verbal instructions, information callouts etc.
Project Work
The lack of rigorous user testing and concept iterations with real
expert feedback is a major pitfall of this project. The instructional
material as well as the role of the instructor in the learning
scenarios has to be evaluated in order to justify the theories
and methodologies in use. Additionally, the lasting impact of the
material needs to be studied, to understand what would happen if
events occur which are not planned for in the learning scenario.
Finally, from a design perspective there is a huge value in reflecting
on the project’s processes outwards. This raises questions such as:
HOW WOULD THIS FRAMEWORK WORK FOR OTHER KINDS OF
DESIGN PROCESSES?
WHAT FORM WOULD THE MATERIAL ADOPT IF DIGITAL
TECHNOLOGIES WERE NOW INTRODUCED TO THE MODULES?
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Project Outcomes

Learning Outcomes
Reflection
This project has had a profound impact on my academic
and personal development. Having been able to observe
how the LAA conducts its work, understanding the
emotional distance that was kept in treating patients
was an eye-opening and complex process. The culture
and authority that is taught to the trainees is an
admirable skill in any critical situation, the decoding of
which, without emotional discourse, is a character trait of
incredible value.
Working in an unfamiliar field has also put me in
uncomfortable and intimidating situations, especially
early on while I was still uninformed. Not everyone
will always want to understand the value in work that
‘Design’ can bring to complex systems of highly academic
fields such as medicine. While it is humbling to work
with life-saving professionals, I understood what it
means to respect people with less power than myself,
by not getting that respect in their world. I learned about
a significant aspect of creative work in a professional
context: Confidence. In a podcast about inspiration,
Henry & Mautz (2017) refer to the antithesis to
inspiration as being fear. As with my situation, they refer
to the fear of failure, but describe it as just an event. This
sparked an intriguing analysis, as only with confidence
would you expose, to somebody else, the things that
could be improved. With improvement comes change
and the fear of losing control, but only when we are in full
control we can act in autonomy and perform at our best,
which interestingly my work is attempting to cater for.
Any project explodes when you consider the minutiae.
Often I feel designers are encouraged to glance at the
details and respect their existence, but don’t spend
time understanding and use them to their advantage.
Understanding and conceptually exploring a subject’s
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detail will inevitably bring about complexities, which are
easily dismissed as unimportant to the final design, yet
carry importance in the concept. This is a large factor in
many decisions throughout the project, where I chose to
build what fulfilled me academically, rather than pleasing
the various audiences. However, it is impossible to solve
all of the problems uncovered, which emphasises the
need to prioritise and drop ideas, to avoid losing track
of time and resources. A major failure throughout the
project was to stick to the time line designed at the start
of the project, and lacking design scope for elements
such as the learning modules. I believe this is the largest
area for personal and professional improvement.
In terms of Design, I experienced what it means to be a
teacher and why they are some of the most important
people in the world. By designing to teach others, I
understood the process of learning better. As Minchin
(2013) said: “Don’t take your education for granted, share
your ideas.” Which instils confidence in my skills and
ability to provide value to almost any context with my
work. Instructional Design also profoundly changed my
view on objectives, highlighting time frames from lifelong
(future use of learned behaviour after course) to specific
performance (direct response to learning). This raises
the question of the ethical implications of my work and
whether or not there are unforeseen negative effects the
material can have, or whether it allows misuse.
I hope this project also highlights the potential of
Interaction Design within this domain, and serves as
a platform from which other designers with their own
unique views can launch potentially life saving projects.
For this purpose I believe I have contributed something
of a framework to dissolve the psychological and medical
complexity into much more accessible waters.
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Hypothetical: Expanded framework over entire training course

Gagné’s Original 9 Events of Instruction
Gagné, R. M., Briggs, L. J., & Wager, W. W. (1992). Principles of instructional Design (4th
ed.). Forth Worth, TX: Harcourt Brace Jovanovich College Publishers.

1

4

7

Gaining attention

Presenting the stimulus material

Providing feedback

Basic ways of commanding attention involve the use
of stimulus change, as is often done in moving display
signs or in the rapid “cutting” of scenes on a television
screen.

The stimuli to be displayed (or communicated) to the
learner are those involved in the performance that
reflects the learning. It is of some importance that
proper stimuli be presented in events.

One must be highly aware of after effects of the
learning event and their important influence on
determining exactly what is learned.

2

5

Informing the learning of the objective

Providing learning guidance

In some manner or other, the learning should know the
kind of performance that will be used as an indication
that learning has, in fact, been accomplished.

Suppose one wishes a learner to acquire a rule. He
may be asked to recall certain characteristics. The
learner may be able to “see” this rule immediately.
If not, he may be led to its discovery by a series of
communications in the form of hints or questions.

3
Stimulating recall of prerequisite
learning capabilities
Much of new learning is, combining of ideas.
Component ideas must be previously learned if the new
learning is to be successful.

6
Eliciting the performance
Presumably, having had sufficient learning guidance,
the learner will now be carried to the point where the
actual internal combining event of learning takes place.
Now ask them to do it.

REBOA Diagram
Rees P, Waller B, Buckley AM, et al (2017, 20 December).
REBOA at Role 2 Afloat: resuscitative endovascular balloon occlusion of the aorta as a bridge
to damage control surgery in the military maritime setting. Journal of the Royal Army
Medical Corps.
doi: 10.1136/jramc-2017-000874

F
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8
Assessing performance
The immediate indication that the desired learning has
occurred is provided when the appropriate performance
is elicited. This is, in effect, an assessment of learning
outcome.

9
Enhancing retention and transfer
When information or knowledge is to be recalled,
the existence of the meaningful context in which the
material has been learned appears to offer the best
assurance that the information can be reinstated. The
embedded relationships provide cues for retrieval.

The Seldinger Technique
Kaderlik, S., & Layne, L. (2016, March 04). Fig. 25-16: Seldinger Technique.
RadiologyKey: Vascular radiography.
Retrieved 31 January 2018, from https://radiologykey.com/vascular-cardiac-andinterventional-radiography/
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The ideal puncture occurs in
the femoral artery just below
the inguinal ligament

Needle is removed; pressure
fixes the wire and reduces
hemorrhage

Beveled compound needle
containing an inner cannula
pierces through the artery

Catheter is slipped over the
wire and into the artery

Needle is withdrawn slowly
until there is blood flow

D

The needle’s inner cannula
is removed, and a flexible
guidewire is inserted

Guidewire is removed,
leaving the catheter in the
artery

(Modified Seldinger would puncture only the anterior wall and not go
through the artery.)
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Glossary of Terms and Abbreviations
ABC - Airway, Breathing & Circulation Mnemonics used for the
initial and most essential steps to secure in patient treatment.

LAA - London Air Ambulance Helicopter emergency medical service
serving metropolitan London in severe injuries or mass injuries.

Aorta Main artery in the upper body, distributing oxygenated blood
from the heart to other smaller arteries.

LAS - London Ambulance Service Regular emergency medical
service for metropolitan London.

Channel Medium through which different touchpoints are provided
to the user in Service Design, such as the internet, a phone, or
newspaper - see touchpoint.

Mental Model Person’s internal model for how something works,
applied to new situations making humans cognitively efficient.

Domain Area through which learning is achieved: psychomotor
motor domain including motor skill (movement, defined actions),
cognitive domain involving mental processes (analysis of
information), affective domain including emotions and attitudes.
ER - Emergency Room Area for prompt accident care in a hospital.
ExSH - Exsanguination Action or process of losing blood to a
degree that threatens life or causes death.
Femoral Artery Large artery continuing from Aorta into the thigh
and main blood supply to the leg.
Flail Segment Life-threatening condition where the rib cage is
detached from the chest wall during an impact or accident.
Gatekeeper Individual who has control over disseminating
information to others.
Golden Hour First hour after a patient’s injury, within which medical
treatment is most likely to be successful.
Haemodynamic Relating to the flow of blood within the body.
Haemorrhage Process of bleeding, or escape of blood from vessel.
Haptics Form of interaction or feedback involving the touch sense.
HCI - Human-Computer Interaction Design and research of
interfaces between humans and computer technology.
Hypotensive Suffering from abnormally low blood pressure.
IoPHC - Institute of Prehospital Care Institute at the Royal London
Hospital which conducts simulation training with the LAA.
IxD - Interaction Design Practice of designing the interactions
between users and their products to help achieve their objectives.
Internal Cardiac Massage Action of performing pulsating massage
directly to the heart by hand, to restore functionality.
Ischemia Inadequate supply of blood to an organ or body part.
Line of Interaction Boundary of direct interaction between user and
a service in Service Design.
Line of Visibility Boundary of all service activity not visible to the
user of a service in Service Design.

Module Learning system that directs attention, to enable learning
of actions between two points on the timeline of a procedure.
Moulage Application of mock injuries for the purpose of training.
Occlusion Blockage or closing of blood vessel.
Participatory Observation Data collection method for qualitative
research done through actively participating in an environment.
Patient Handover Transfer of responsibilities for care of a patient.
Prehospital Occurring before or during transportation to a hospital.
(Antonym: in hospital, occurring in or while in a hospital)
Prehospital Care Assessment, stabilisation and care of medical
emergency victim and transport to appropriate facility.
PEER - Prehospital Emergency Endovascular Resuscitation
Training course conducted by the London Air Ambulance for REBOA.
Procedural Memory Most basic and primitive memory e.g. basic
stimuli and responses.
REBOA - Resuscitative Endovascular Balloon Occlusion of the
Aorta Medical procedure involving the blockage of blood through
placing a balloon in the Aorta, potentially saving a trauma patient.
Seldinger Technique Medical procedure to obtain safe access to
blood vessels through the use of needle and wire.
Sociosystemic Structure and function of a system relating to social
aspects of humans.
Syllabus The subjects in a course of study or teaching.
Thoracotomy Surgical incision into the chest wall.
Touchpoint A point of contact between a service and its user, such
as a website, application, article etc. provided by a channel.
Trauma Unit Unit specialising in the treatment of patients with
acute and life-threatening injuries.
Trigger Experience that causes a recall of learned behaviour.
Zeigarnik Effect Psychological tendency to remember uncompleted
tasks better than completed ones.
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