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How might we create 

a more realistic ECG Training?
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Introduction



Introduction
What is ECG and why is it so important?

Electrocardiography (ECG or EKG) is the process 
of recording the electrical activity of the heart 
over a period of time using electrodes placed on 
a patient’s body. 
These electrodes detect the tiny electrical 
changes on the skin that arise from the heart 
muscle depolarizing during each heartbeat.[1]

It is necessary for the diagnosis and prompt initia-
tion of therapy in patients with acute coronary 
syndromes (ACS) and is the most accurate means 
of diagnosing conduction disturbances and ar-
rhythmias. [2] 
ECG is an irreplaceable diagnostic method in 
clinical practice. It offers great diagnostic value at 
minimal costs while being a relatively quick, pain-
less and noninvasive process.

The quality of the resulting graph is depending on 
the accurate placement of the electrodes on the 
patients body and that the patient lies absolutely 
still to avoid any muscle contractions which may 
lead to distortions of the graph.
[1] https://en.wikipedia.org/wiki/Electrocardiography
[2] The British Journal of Primary Care Nursing: Taking an ECG: Getting the best possible recording

The interpretation of ECGs is a highly complex 
topic which requires lots of training and experi-
ence. 

Although there has been plenty of research on 
the topic of automated interpretation and pattern 
recognition of ECGs by computer algorithms and 
neural networks, a reliable interpretation of com-
plex ECGs cannot be guaranteed as of today. 

While the trend seems to favour automated ECG 
interpretation,  a clear prediction when these 
technologies have saturated the market cannot 
be given. One reason for this, similar to autono-
mous vehicles, is the issue of where liability can 
be found when an incorrect diagnosis leads to 
harming of a patient.

For the foreseeable future we will most likely rely 
on the skill and experience of humans to interpret 
ECGs.



Collaboration Partner
Laerdal Medical is a manufacturer of medical equipment and 
medical training solutions from Stavanger, Norway.

Åsmund S. Lærdal, innovator and founder of 
Laerdal Medical AS started the company in the 
1940ies as a small publishing house, special-
izing in greetings cards and children’s books. The 
company soon expanded into the manufacturing 
of wooden toys. Pioneering in soft plastics in the 
early 50s, Laerdal made millions of realistic play 
dolls and “furniture friendly” toy cars.

[1] company website

The know-how gained from producing toys, 
opened new doors into making realistic wound 
simulations. First aid and emergency medicine 
with an emphasis on training became Laerdal’s 
main field of activity. [1]

Today, Laerdal Medical is dedicated to helping 
save lives with products for CPR training, Airway 
Management, Advanced Life Support Train-
ing, Spinal Motion restriction, Trauma Training, 
Monitoring, Defibrillation, Patient Simulation 
made for using traditional basic, intermediate 
and advanced training techniques combined with 
micro simulation and virtual reality. [1]
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Research



ECG Basics
How to visualize the electric activity of the heart

An ECG is a recording of the electric activity (y-
axis) over time (x-axis). 
ECGs are recorded on a standardized grid of red 
squares with a size of 5x5mm which are divided 
in sub sections of 1x1mm.
It is essential to calibrate the ECG device cor-
rectly for an accurate and comparable result.  

A standard signal of 1 millivolt (mV) should be 
included in every ECG recording. If calibrated 
correctly, this shows as a vertical deflection of 
10mm. 
Horizontally, one big square of 5x5mm rep-
resents 0.2 seconds and one small square of 
1x1mm represents 0.04 seconds. 

Every complex (one complete heart beat) con-
sist of several phases (intervals).  
 
By identifying the distance between the 
distance between two R-waves, the patients 
heart rate can be calculated which is one of the 
easiest tasks when interpreting an ECG.

Research



Electrical Conduction System of the Heart

The series of images to the right show one 
complete cycle (one heart beat).  
The red lines depict the depolarization wave, 
not the blood flow. The formation of the EG 
wave can be seen in blue underneath each 
phase.
Every heart beat is initiated by the ninoatrial 
node (NA node)(1), the cardiac pacemaker, 
which sends out electrical signals (2) that cause 
the atria to contract (4) and travel to the 
atrioventricular node (AV node) (5), which is 
located in the interatrial septum. After a delay 
(6), the stimulus diverges (7) and is conducted 
through the left and right bundle of His (8) to 
the respective Purkinje fibers (9) for each side 
of the heart (10), as well as to the endocardium 
at the apex of the heart (12), then finally to the 
ventricular epicardium (13-15). [1]
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Red lines depict the depolarization wave, not blood flow![1] https://en.wikipedia.org/wiki/Electrical_conduction_system_of_the_heart
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Lead Placement

The electrodes are positioned in relation to so 
called “bony landmarks” (e.g. rib cage, sternum, 
etc) as these reference points are more reliable 
than other references as the patients body ages 
and potentially changes dramatically with weight 
gain or exercise. The bony landmarks stay largely 
constant. 
“The chest electrodes (precordial electrodes) need 
to be accurately positioned, so that abnormal 
patterns in the V-leads can be identified, and so 
that records taken on on different occasions can be 
compared.” [1]

Electrodes V1 and V2 are placed in the 4th 
intercostal space just off the sternum (see illustra-
tion on the right). The other electrodes are then 
placed according the aforementioned illustration.
“Good electrical contact between the electrodes 
and the skin is essential.  ... The skin must be clean 
and dry...” [1] If not dry or clean, the skin must be 
wiped with alcohol and if there is hair it might 
need to be shaved away using a single use razor. 

[1] Hampton, John (2013) .The ECG made easy. London, England: Elsevier.

Research



Chest leads

Limb leads

Chest leads

ECG

13

MFA Advanced Product Design - Umeå Institute of Design - Thesis Report -  Jost Siebert



Visit at hospital simulation Center

I was able to visit the simulation center (KTC) at 
Umeå’s university hospital and witness a simula-
tion exercise. The heart of the simulation center is 
the training room that feature plenty of medical 
equipment and a bed where a a Laerdal training 
mannequin was placed. The mannequin’s vital 
signs and -functions such as ECG, breathing rate 
and blood oxygen saturation can manipulated 
by an operator from within the control room 
which offers great visibility of the simulation room 
through a wide one-way mirror window and are 
displayed on a bed-side monitor in the simula-
tion room.. 
The operator is also able to speak through the 
mannequins via a headset and a built in speaker. 

After preparing the room and the mannequin 
to a chosen scenario, the participants are being 
shown the simulation room and then given a 
briefing in the briefing room. In the meantime 
slight changes or “surprises” are being made to 
the mannequin (e.g. simulating a clogged cath-
eter by tying aknot into it).

The simulation participants are then being 
brought back into the room, accompanied by a 
KTC employee that’s in contact with her colleague 
in the control room via a head-set. 
The participants then approach the mannequin 
and introduce themselves how it feels. The 
instructor in the control room not only has to 
control the vital signs and react to actions (e.g. 
treatment of patient, administration of medicine) 
but also play the role of the patient and not break 
character at any time.

The instructor in the simulation room would 
monitor the actions of the participants and tell 
the instructor in the control room what exactly 
the participants are doing and what medications 
are administered. The instructor in the control 
room would then manually simulate a real 
patient by manually adjusting the vital stats. This 
requires a lot of experience and good communi-
cation between both instructors.

Research



Control
Room

Simulation
Room

Monitor with 
Patient Vitals
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Expert Interviews

Line Schiøtt Nissen
Physician, Odense University Hospital
Odense Simulation Center.

Line works in Odense’s simulation 
center and helped me understand 
how ECG is being taught to medical 
students in Denmark. We also talked 
about her ideas on how to improve 
ECG training in clinical simulations.

Tom Uppstu
Assistant professor at Department of 
Nursing (3 years) 
Experience: 12 years as paramedic 
and 5 years as nurse at cardiology 
department).

Tom teaches ECG to medical stu-
dents in Umeå and showed me the 
teaching material he produced to 
help him teach.

Peter Johansson
Paramedic at Ambulance Station 
Umeå.
Project leader at European CBRNE 
Center*

Peter is a seasoned paramedic and 
apart from answering many ques-
tions about the paramedic’s ECG 
training, gave me a spontaneous ECG 
in the back of one an ambulance van.

Anne Sofie Boe Laulund
Physician, Holstebro Hospital. 

My fiancé Anne Sofie gave me a crash 
course in ECG interpretation and was 
kind enough to answer even the 
silliest of questions about ECG.  
She also provides me with many 
ideas and very constructive feedback 
 

*(Center for advanced Studies of Societal Security and 
Vulnerability, in particular major incidents with (C)hemi-
cal, (B)iological, (R)adiological, (N)uclear and (E)xplosive 
substances)

Research



Ulf Nilsson
PhD student at Department of Public 
Health and Clinical Medicine,
Umeå University Hospital.

Ulf teaches ECG to nurses and greatly 
helped me to better understand the 
complexities of ECG interpretation. 
We spoke about his teaching meth-
ods, and the differences of teaching 
nurses and medical students.

Jens Olofsson
Nurse at Umeå University hospital 
and simulation expert at KTC.

Jens has several years of experience 
of working at the simulation center at 
Umeå University Hospital and gave 
me great insights about the difficul-
ties of creating a realistic training sce-
nario and how important briefings 
and debriefings are.

Ulf Näslund
Professor/chief physician at 
Department of Public Health and 
Clinical Medicine.
Head of Department.

Ulf Näslund
Senior lecturer/senior physician at 
Department of Public Health and 
Clinical Medicine.

Ulf is an experienced cardiologist and  
teaches medical students in the 6th 
term during their clinical training.
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Stakeholder Maps
Learner vs. Teacher-focus

Learner-centered
My first approach was to focus on the learner which includes people during their 
education (medical students, nursing students, paramedics in training) but also 
professionals that undergo training to refresh or improve their skills further such 
as doctors, nurses, paramedics, biomedical analysts.

Teacher-centered
After visiting the simulation center I shifted my focus towards the teacher who 
will use his or her equipment constantly to teach.  

Research



User Groups
Research has lead me to identify the following four main user groups for ECG.

Doctors and Physicians receive a 
thorough training about ECGs as part 
of their education because of its 
fundamental role in clinical care.  
Yet, their skills and their speed with 
which they can interpret an ECG var-
ies greatly, depending on their spe-
cialization and and Experience.  
In general, cardiologists

Nurses work in a broad spectrum 
and have highly diverse skill-set 
depending on the work environment.
Nurses who work in the intensive 
care unit (ICU) or the cardiology ward 
receive further ECG training.  
Since it is required for at least one 
nurse to be on board each 
ambulance vehicle, many nurses 
work there and it is also possible for 
paramedics to become nurses. 

Paramedics and EMTs are health-
care professionals that work as part 
of the emergency medical services 
such as ambulances, mostly in the 
pre-hospital setting. They receive 
basic ECG training as part of their 
education but rarely any follow-up 
training. 
While transporting patients in serious 
conditions they are in close contact 
with doctors at the emergency ward 
over the phone who interpret 
digitally transmitted ECGs and give 
instructions on how to proceed with 
the treatment of the patient.

Biomedical Analysts carry out 
laboratory work and are responsible 
for undertaking technical and 
methodological analyses and 
studies. 
They have little patient contact but 
great competence in their field (e.g. 
ECG interpretation)

19
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User Journey Map
Formal training of medical students in Denmark, based on interview with Line 
Schiøtt Nissen who works as physician at Odense University Hospital.

Research
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Axillary lines
MidAnterior Posterior

Studies on lead misplacement
Several scientific articles and papers point out the importance of correct electrode 
placement and raise questions about the skill of healthcare professionals.

While reading through scientific articles about the  
general topic of ECG, I stumbled upon a paper 
with the title “Accuracy in ECG lead placement 
among technicians, nurses, general physicians and 
cardiologists” about a study which’s “objective 
was to determine the reliability  of ECG precordial 
electrode placement by doctors and nurses in-
volved in the emergency care of patients admitted 
with suspected cardiac diseases.” [1]  
“A total of 120 subjects were recruited within 2 
days from six hospitals. They comprised physi-
cians, nurses and cardiac technicians involved in 
the clinical assessment and care of patients with 
suspected cardiac disease. Subjects were asked to 
complete a questionnaire and marked on two dia-
grams of the chest wall the positions they would 
place precordial electrodes V1–V6.” [1]

Correct placement of ECG electrodes is crucial as 
“incorrect positioning of the precordial electrodes 
changes the ECG significantly, patients are at risk 
of potentially harmful therapeutic procedures.” [1] 

[1] Rajaganeshan, Ludlam, Francis, Parasramka & Sutton (2008). Accuracy in ECG lead placement among technicians, nurses, general physicians and cardiologists. International Journal of  Clini-
cal Practice, 65-70. doi: 10.1111/j.1742-1241.2007.01390.x

Research



The correct position of the electrodes is marked green. Any deviation from these positions means an incorrect placement of the ECG electrodes.

Axillary lines
MidAnterior Posterior
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Another task for the subjects of the study was to 
name the correct vertical positioning of elec-
trodes V1 and V2. 

As visible in the chart on the right, results varied 
heavily. 
The correct vertical position of electrodes V1 and 
V2 is the 4th intercostal space (see page 15).

While 90% of cardiac technicians gave the correct 
answer, only 49% of nurses and 31% of non-
cardiologists knew the correct answer. I was very 
surprised to read that only 16% of cardiologists 
were able to answer this simple and fundamental 
question correctly. 

[1]

[1]

[1] Rajaganeshan, et al. (2008). 

Research



The authors found that:

„...other than cardiac technicians, hospital staff involved in 
performing ECGs in the acute medical situation cannot be trusted to 

place the chest electrodes in the correct positions.“[1] 

„While nurses are significantly worse than cardiac technicians, 
physicians are even worse and cardiologists worst of all.“[1]
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1.
Patients might receive 

harmful treatment

2.
Doctors might misinterpret 

actual indicators as artifacts

„Neither risk can be reduced substantially at the time of interpre-
tation, rather, the ECG must be recorded correctly.“[1]

According to the study, lead misplacement possibly causes: 

[1] Rajaganeshan, et al. (2008). 

Research



Even though electrode placement is standardized, there are plenty of examples to 
be found showing incorrect placement of electrodes.

The reality of electrode placement?

27
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1.
Patients might receive 

harmful treatment

2.
Doctors might misinterpret 

actual indicators as artifacts

„Neither risk can be reduced substantially at the time of interpre-
tation, rather, the ECG must be recorded correctly.“[1]

According to the study, lead misplacement possibly causes: 

[1] Rajaganeshan, et al. (2008). 

Research



The reversal of leads also has a dramatic effect on the resulting graph but might be 
recognized by an experienced cardiologist [2]

Reversal of Electrodes

[2] Rosen, Koppikar, Shaw & Baranchuk (2014) Common ECG Lead Placement Errors. Part II: Precordial Misplacements. International Journal of Medical Students, 99 - 103

Correct lead placement Reversal of V1 and V6.
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Problem Areas and 
Design Opportunities



Conclusions
Focus on correct ECG procedure rather than interpretation.

Although I conducted many expert interviews it 
was difficult for me to draw a complete picture of 
the situation around ECG training. Only after read-
ing the study on the accuracy in lead misplace-
ment was it that things got clearer.  
While paramedics and nurses admitted to not 
having perfect knowledge about all details 
regarding ECGs and mentioned many aspects 
that could use improvement, I was not able to 
find clear design opportunities when talking to 
cardiologists. After reading the aforementioned 
study, I questioned if I should limit myself to de-
sign opportunities that arose from user interviews 
and observation.  
While I truly believe that the cardiologists, non-
cardiology-physicians, nurses and paramedics 
I had interviewed would perform flawlessly had 
they been participants of the study “It is ironic 
that those who should know best perform worst” [1] 

and it is true that it is not only the interpretation 
that needs to be correct but also the steps prior 
to the interpretation of the ECG by a cardiologist, 
cardiac technician or biomedical analyst. If the 
ECG is performed incorrect, the resulting graph 
might show these artefacts which may or may not 
be identified by a highly experienced cardiolo-
gist, cardiac technician or biomedical analyst. If 
they are not identified, a diagnosis that is (partly) 
based on the result of the ECG, could be incorrect. 
As stated on page 36 this might lead to a patient 
receiving the wrong treatment which might not 
be effective for the actual condition in the best 
case or potentially harmful in the worst case.  
“Equally, doctors who are aware of the possibility 
of lead misplacement may be inclined to ignore 
some ECG changes that may be genuine evidence 
of ischaemia.” [1]

[1] Rajaganeshan, et al. (2008). 

This is why I decided to focus on the correct 
execution of the ECG rather than the interpreta-
tion. Interpretation is mostly within the territory of 
cardiologist. 
On the other hand, preparation and execution 
of an ECG is being performed by a much wider 
group with a more diverse educational back-
ground.  

Problem Areas  and Design Opportunities



Problem Areas and Design Opportunities

Design Opportunities

Creating a more realistic simulation and training experience for the learners by 
increasing stress  through
-Using sound to create a less calm and more realistic environment
-projection of  facial expressions onto mannequins face
-introducing staged but realistic problems (requested assistance cannot at-
tend, ringing phones, faulty equipment...)

Guiding or feedback of correct placement of electrodes (visually/haptic...)

Metrics/Data that show improvements of learners (accessible to learner)

Add playfulness/gamification of experience

Problem Areas

Simulation experience dependent on skill and experience of instructor in 
control room

Incorrect placement of electrodes

Lack of motivation for learners

General lack of “real-life-stress” in simulations
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Ideation



Ideation Workshop UID

Ideation



I have invited a group of  product and interaction 
design students for an ideation workshop with 
the goal of identifying.  
Unlike previous workshops that I have hosted, 
I had to spend a significant amount of time to 
explain the topic and my findings so far. 

The technique used is called “crazy 8”.
Every participant receives a sheet of A3 paper 
folded into 8 equally sized fields.  
There are 8 topics/questions and after the first 
question or topic the participants have 90 
seconds to complete the task by writing or draw-
ing inside the respective field on the paper. 
This technique helps to keep things structured 
and the participants motivated. 

37
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Workshop with Laerdal

In week 15, I traveled to Stavanger with the goal 
of meeting the team from Laerdal, getting to 
know more about Laerdal’s history, in-house 
production capacities and history but mainly for 
a workshop.  
Participants of the work shop included designers, 
mechanical and electrical engineers and product 
managers.  
After giving a brief introduction on the topic of 
the project, my previous research and findings I 
focused on two questions:  
-How might we measure the placement of ECG 
electrodes?
-How might we give feedback on the placing of 
electrodes?

Ideation



Brainstorming result
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Concept



LL RL LA RA

V1 V2 V3 V4 V5 V6

System Components
Following components are required

App
For selection of training scenario, 

monitoring, evaluation of electrode 
positioning

Electrodes
with a reflective serial 
matrix code that can 

be read by the tablet’s 
camera to evaluate the 

correct positioning

Marking Device
to mark the correct position 

of the electrodes on the 
patients/actors body

ECG Cable
with a control unit inside 

the splitter box

Concept



Reflectice matrix code on ECG Pads

Photo taken with the rear camera of an iPhone 6 Plus without flash Photo taken with the rear camera of an iPhone 6 Plus with flash.
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Technology



Flurescence  

Technology

Fluorescence is the emission of light by a sub-
stance that has absorbed light or other electro-
magnetic radiation. It is a form of luminescence. 
In most cases, the emitted light has a longer 
wavelength, and therefore lower energy, than the 
absorbed radiation. The most striking example of 
fluorescence occurs when the absorbed radiation 
is in the ultraviolet region of the spectrum, and 
thus invisible to the human eye, while the emit-
ted light is in the visible region, which gives the 
fluorescent substance a distinct color that can 
only be seen when exposed to UV-light. However, 
unlike phosphorescence, where the substance 
would continue to glow and emit light for some 
time after the radiation source has been turned 
off, fluorescent materials would cease to glow im-
mediately upon removal of the excitation source. 
Hence, it is not a persistent phenomenon.[1]

[1] https://en.wikipedia.org/wiki/Fluorescence

Invisible under normal light conditions. Visible under black light.



Uses of pluorescent paint

Anti counterfeit measures Artistic use and invisible tattoos Fracture Analysis of parts Invisible marking
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Concept Refinement



Inspiration - Form Language

Concept Refinement



Inspiration - Color

LAERDAL PRODUCTS CONSUMER PRODUCTS
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Ideation Sketches Cable

Concept Refinement



Ideation Sketches Marking Device

53
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Final Result



marking device
Used by the instructor to mark correct position
for electrodes on the acting patient’s chest with
fluorescent paint that is invisible to the learners.

reflective electrodes
Each electrode can be identified by its unique matrix 

code that reflects the light from the tablets built in flash.

ECG cable and processor
The cable houses the electronic components, 

connects to most standard ECG devices and mimics a
regular ECG-cable for a realistic simulation experience

application
Supports the instructor during all phases of a 
training session (preparation, monitoring and 

evaluation) and helps keep learners motivated.

System Components

Final Result



Reflective matrix electrodes
The reflective matrix code increases readability for the tablet’s camera in varying 
light conditions.
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Final Result
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“TRAIN AS YOU FIGHT”
Before each training session, the instructor either 
chooses from a variety of 
scenarios or creates a unique setting based on 
factors such as gender, age, 
difficulty and artefacts/medical conditions. aegle 
simulates electrical signals according to the cho-
sen scenario for the ECG-device it is connected to.
This allows for a practical training or simulation 
experience with real humans and real equipment.

App

Final Result



LIVE-VIEW

EVALUATION

MONITORING
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Usage Scenario



Usage Scenario

Step 2
The instructor then identifies the correct position 
of the chest electrodes by feeling the bony 
landmarks of the acting patient.

Step 1
The instructor uses the tablet to either choose a 
predefined scenario, modify an existing one or 
create a new simulation scenario depending on 
the learner’s needs. 



Step 3
When the correct position of a chest electrode 
is identified, the finger remains in position on 
the skin and the instructor places the marking 
device over the finger tip. The finger can then be 
removed and the correct position of the electrode 
is marked with fluorescent paint that is invisible 
to the naked eye.

65
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Usage Scenario

Step 4
After marking the correct position of all six chest 
electrodes, the learners are introduced into the 
training room.



Step 6
The learners are then briefed in a briefing room 
on the scenario that they are about to simulate.

Step 5
The instructor then introduces the learners to 
equipment in the room and explains practical 
things such as handling a fake injection in a 
simulation.

67
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Usage Scenario

Step 7
One of the learner’s task is to place the electrodes 
on the acting patient’s body. and to connect all 
cables correctly.



Step 8
After the learners have placed all electrodes, the 
instructor uses the tablet to scan the position of 
the electrodes in order for the system to generate 
the correct signals for the ECG device. 

69
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Usage Scenario

Step 9
The learners then perform an ECG recording by  
and discuss the resulting graph as a team in order 
to come up with a diagnosis.



Step 10
After the simulation the learners are debriefed 
in the briefing room and receive information on 
wether they came up with the correct diagnosis. 
They are then brought back into the simulation 
room where the instructor switches on a UV-light 
that reveals the correct electrode positions and 
discusses with the learners how the placement 
influenced the resulting ECG-graph and ultimately 
their diagnosis.

Step 11
The learners receive detailed information on their 
performance through a learner-specific app or 
online which helps them to stay motivated. 

The instructor can use the app to see where the 
learners performed well and where they need 
more help.
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Looking back at the time of my thesis and the 
weeks and months leading up to it, it was was 
probably the process of choosing and settling on 
a thesis topic that gave me the biggest problems 
in hind sight. 
The Advanced Product Design program has 
produced some outstanding thesis projects 
and alumni over the years and the level seems 
to have increased from year to year and I felt 
a tremendous pressure to keep up with this 
development. It was mostly myself who created 
these very high expectations and instead of aim-
ing for an “80%-project” I tried to find the perfect 
and ultimate thesis project - and (in my opinion) 
failed. There were many possible thesis topics to 
choose from but I deemed none of them to be 
good enough. With the degree-kick-off rapidly 
approaching, I felt more and more frustrated and 
paralyzed. 
When accepting Laerdal’s proposed project, I 
failed to fully understand the scope of the project, 
which wishes Laerdal had and what freedom I 
had. 

A lack of motivation and vision from my side led 
to a lack of progress which in turn created a vi-
cious circle that was hard to break out of. 

This could have mostly been avoided by choos-
ing a solid, perhaps even conservative or boring  
thesis topic well in advance instead of the futile 
chase for the perfect project.

I’m confident that the time schedule could have 
worked, had I firmly stood behind my project with 
a vision but it unfortunately lost any meaning very 
soon and only served a purpose in visualizing the 
passing of time.

One of the few positive conclusions is that I was 
able to  pull myself up in the last three weeks be-
fore the examinations and managed to get a lot of 
work done in a short time. Which in turn gives me 
hope that in the future I hope to be able to tackle 
any project with a bit more motivation.
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