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Abstract

We present a new method to enhance the usability of an
automated external defibrillator (AED) by adding a display
to the device. On the screen the user can watch the short
instruction clips while listening to a recorded voice. Our
intention is to let the user act faster and more efficient, so
that the possibility of saving a life increases. State of the art
is to tell the user the instructions only by a recorded voice
and sketches on the electrode pads.

A defibrillation is an electrical shock to the heart muscle
with the purpose to reset the electrical state of the heart. It
is the only way to help a person with a cardiac fibrillation.
During the last years it became common e.g. in Germany
and the USA to make AEDs available at public places, be-
cause in case of a cardiac arrest the emergency medical ser-
vices often arrive to late. As far as we know there are not
any public AED in Sweden yet. For public AEDs it is very
important to have a simple, well understandable and effi-
cient user interface, so that either a novice without medical
knowledge or an experienced user can act fast and save the
patients life.

To design an efficient display we used several methods,
guidelines and theories of human-computer interaction. We
also made usability tests with several test persons to find
out among other things if our modification is really an en-
hancement or if it only makes the device more complicated.
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1 Introduction

Every year about 300.000 people in Europe die of a sudden
cardiac arrest, which is mostly caused by ventricular fibrilla-
tion. It can be described as a chaotic activity of the ventric-
ular muscles. The heart fails to pump blood into the arteries
and the blood circulation ceases, this results in death within
minutes.

A defibrillation is an electrical shock to the heart muscle
with the purpose to reset the electrical state of the heart. If
it is successful, the heart will take up the rhythm of its own
pacemaker cells again. The longer the ventricular fibrillation
lasts, the more electrical energy is needed. If the first two
attempts were not successful, maximum energy will be used.

Immediate help is crucial. Studies show that more than
90% of the victims could be rescued if they got a defibril-
lation during the first minute. With every minute the sur-
vival rate drops by 10%. After five minutes irreversible brain
damage occurs. In most situations it is impossible for the
rescue service to arrive in time. Therefore AEDs should be
available at public places, such as railway stations, airports
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Figure 1: AED in use [mvg]

and shopping centres. It makes sense that patients with an
increased risk of ventricullar fibrillation have one at home.

An AED is an portable electronic device with two elec-
trode pads that are attached to the bare chest of the victim.
It diagnoses the heart rhythm and - if necessary - charges.
When charged it will ask the operator to press a button to
deliver the electrical shock. If the shock was not successful
it will charge again.

The interface of the AED has to be very simple because an
untrained person without medical knowledge must be able
to operate it in the right way under significant mental stress.

We had the opportunity to examine the technical features
of an AED during our lectures in biomedical engineering
at the University of Karlsruhe (Germany). Now we want
to have a look at it again, regarding the human-computer-
interaction issues. We want to find out if the use of it could
be made simpler and safer by adding more visual informa-
tion.

o __PHILIPS
Figure 2: Philips Heartstart [heart]

But before we start to design a display for this device,
we have to think about why more visual information should
help the user acting faster and more confident. At all the
existing devices the user gets instructions by listening to a
recorded voice. Normally the only visual information on the
device is a sketch on the electrodes so the user can see where



he has to place them on the patient. For example the device
designed by Philips (Figure 2), which is called Heartstart,
was realized like that.

But in case of an emergency the person who wants to help
operates under significant mental stress. And in this situa-
tion it is very hard for the user to concentrate on the spoken
instructions. Normally it is though possible to repeat the in-
struction but that costs valuable time. If the voice describes
a part of the device which has to be applied, the user first has
to identify which part was meant. And after that he must
imagine which action was demanded from him. This loss
of time could be prohibited by showing the important part
of the device and the demanded action on a display. This
additional measure does not cost more time and the possi-
bility of a misconception by the user, which would cause a
repetition of the instruction, is reduced.

+

Figure 3: Internation sign for AEDs (DIN) [mvg]

We looked for similar work but our search for research
papers with similar topics was not successful. Amongst oth-
ers we asked Prof.Dr.rer.nat. Bolz (Institute for Biomedical
Research, University Karlsruhe), but he also did not know
about any project concerning our topic.

Figure 4: AED in subway station (Munich) [mvg]

2 Methods

2.1 PACT Analysis

To design interactive technologies we need to understand
the correlation between people, activities, contexts and tech-
nologies. So we first made a PACT analysis [Benyon et al.
2005] to know what we should consider when we redesign
the defibrillator.

e People:
People differ in physical and psychological characteris-
tics. On the site of an emergency normally a person

tries to help who thinks to be capable of helping. In
most instances this will be a person who is between 15
and 50 years old and is not afraid of technical devices.
To use our device the user has to understand English
or the national language. It is not necessary that the
user can read. Also he won’t need any medical knowl-
edge. That means an expert and a novice can use the
device although novice and expert users typically have
very differing requirements.

e Activities:

Concerning the temporal aspect normally a novice has
to use a defibrillator only once in a lifetime, an expert
more often. If the person uses the device he acts under
pressure and time pressure. Therefore there must be
a step-by-step instruction and continual confirmation.
Regarding the cooperation there is one acting person
and one passive person who needs help. In reference
to complexity it must be a very simple step-by-step
process. It can be safety-critical in two cases. The
safety of the users is not guaranteed if the patient gets
a shock without need and if the user is touching the
patient during the shock. Concerning the content there
are only a few input options. The output options are
voice, sounds and a color monitor.

e Context:
All activities happen in a context, so there is a need to
analyze both. The device can be used in every physical
environment but humidity should be avoided. The user
should be able to operate the device by oneself.

e Technologies:
The input is possible by pushing buttons or by adding
the electrodes. The output is raised by speech, alarm
and a display with text and video. Concerning the com-
munication there must be a continuous feedback and
the instructions should be as short and understandable
as possible.

2.2 Guidelines

Furthermore we had a look at the guidelines in [Shneiderman
and Plaisant 2005] and discussed in which context we could
use them for our device.
1. Navigating the interface
Navigation should be kept simple and consistent. This
is definitely the case for our device because there are
only two buttons which have to be pushed at the right
time.
2. Organizing the display
The most relevant rules for us are:
e Be consistent in labeling, formatting and graphic
conventions

e Present only the data that is necessary for the
operator

e Present information graphically whenever possi-
ble

e Provide maximum display quality

We agreed on the following layout for our display:

On the left side there is a vertical bar which contains a
short description for every step of our task, so the user



can see at a glance what has already be done and what
will be done next. The current entry is highlighted,
otherwise there are not any changes in colour or format.
It is reassuring for the user to see his progress in the
task.

We chose a dim blue as background colour because it
is calm, cool and neutral. For the text we chose a font
without serifs (Arial) because we consider it to be better
readable on a display. The color of the text is white
which gives a good contrast to the background. The
right side of the display will be used completely for the
videos that go along with the auditory instructions.

3. Getting the users attention

Sometimes the users attention has to be directed to
a certain part of the interface. This can be done be
changing colors, fonts or size, marking of items, blinking
items or audio signals. Those methods should be used
carefully and not without need, if they are used too
frequently users will tend to ignore them.

For highlighting the current entry in our progress bar
on the left, we change it’s background colour to a light
blue, which is a rather subtle measure. When the device
is ready to give a electric shock, we have to make sure
that the user does not touch the person you is getting
shocked. The red button on the AED will start to blink,
which signalizes danger. There will be a high-pitched
sound signal and the device will instruct the user in a
loud voice to step back.

4. Facilitating data entry

User input should be minimal because it is time con-
suming and a possible source of errors. There should
not be the need to remember command strings. Flex-
ibility in data entry increases user control but contra-
dicts the consistency principle.

Our task requires only the following input:

e Opening the lid, which activates the AED
e Stick the electrode pads to the chest

e Press the red button to deliver the electrical shock
(if necessary)

e Press the blue button for CPR instructions (op-
tional)

The user does not have to remember anything, he just
follows the instructions step-by-step. The input does
not need to be flexible because the AED will not be
used by a medic who would like to control the power
of the shock by himself but by a novice user who wants
the device to be as simple as possible.

2.3 Eight Golden Rules Of Interface Design

We also tried to follow the eight golden rules of interface
design in [Shneiderman and Plaisant 2005]. In this section
we will have a look at each of the rules and after that we
will explain their effects on our device.

1. Strive for consistency

That means that consistent sequences of actions should
be required in similar situations. Identical terminology
and consistent colour, layout, capitalization, fonts, etc.
should be used.

2. Cater to universal usability

There are different needs for experts and novices.
Novices need more explanations and experts want more
features. By adding these things, the interface design
gets enriched and improves perceived system quality.

3. Offer informative feedback

There should be a feedback of the system for every user
action. For different kinds of interaction the response
can be modest or more substantial.

4. Design dialogs to yield closure

Different actions should be organized into groups with
three different parts: beginning, middle and end. The
user gets then a feedback that he has finished one group
and can now start with another. This feedback gives
users the satisfaction of accomplishment and a sense of
relief.

5. Prevent errors

The system should be designed in such a way, that it
prevents serious errors. The interface should detect er-
rors and offer simple, constructive and special instruc-
tions for recovery.

6. Permit easy reversal of actions

Actions should be reversible as much as possible. The
units of reversibility can be a single action or a complete
group of actions.

7. Support internal locus of control

Users should be the initiators of actions rather than the
responders to actions.

8. Reduce short-term memory load

Displays should be kept simple, multiple-page dis-
plays should be consolidated, window-motion frequency
should be reduced, because of the limitation of human
information processing in short-time memory.

Remove clothing
from chest

Take out pads
Place pads

Don't touch the
patient

Deliver shock now

Shock delivered

Begin
cardiopulmonary
resuscitation

Figure 5: Prototype of our display

Considering the eight golden rules of interface design, we
developed the following design for our device:

We tried to be consistent in our design, so we used iden-
tical terminology, had only one basic colour on our display
and only one basic font.

We decided to design our device for novices, so that every
person can use it. In case of an emergency an expert can use



it too and it is better for an expert to have a defibrillator
which is designed for novices than to have none.

The feedback we think is really important for our device.
We created a progress bar on the left side of the screen and
there is also a continuous feedback over the voice output the
whole time.

For our device it is very important to prevent errors. We
tried to reach this goal by having as few input from the user
as possible. We have only two buttons the user has to press.
And if the user adds the electrodes in a wrong way, he can
correct it until they are in the right position.

A reversal of actions is neither necessary nor possible for
our device. If the user initiates a shock there is no way
back. But if the user can initiate a shock, this means that
the shock is necessary. There must be no possibility to make
the shock undone.

The user will be guided to the process step-by-step but to
deliver the electrical shock he must push the button himself.
Therefore he is at least the initiator of the most important
action of the task.

We also try to design our device by paying attention to
the limitation of the short-time memory of the user. So we
have a progress bar on the left side and the display is kept
simple.

2.4 General Considerations Regarding the Usability
Test

First of all we had to think about what a usability test is and
why we test our new interface. The purpose of a usability
test is not to find bugs in the system or to prove that the
system is easy to use. The prime purpose is to find usability
problems and finally correct them. If you did not plan for
changes, there would be no improvement of the final product
and testing would be a waste of time. This is why it is
so important to run usability tests early during the design
process.

An important side effect of early usability testing is that
developers experience the user, their domain knowledge and
attitudes. This can strongly improve the intuition that de-
velopers use when designing the interface.

There are also many misunderstandings about usability
testing. You don’t need to have a functional system to test,
even a paper and pencil version of the screens can reveal
most problems. A usability test does not have to take place
in a special testing lab. It is neither a demonstration of the
system nor a test where a colleague is the user.

If you decide to do an usability test there are several test
methods [Lauesen 2005] you can apply. You can let the
user work on his own, while you just observe what he is
doing. This is good for measuring task time, but gives little
feedback on how to improve usability.

For this it is better to ask the user to think aloud and
explain what he does and why. You can also ask him to
explain, in case you cannot understand what he is doing or
why he gets stuck.

The third method is to ask two test users to work together
on the task. You can encourage them to speak with each
other while doing the tasks. Some users find it strange to
think aloud, but readily discuss the task with a fellow user.

2.5 Planing Our Usability Test

First we had to think about how we could realize a usability
test for our device. We built a model which looks like our

designed defibrillator, so that the test users don’t have to
imagine too much.
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Figure 7: Opened test model

We decided to start with a test without display with two
different test persons. After the first test we will also discuss
our test modalities and will change them if necessary. After
that we will do the test with the same test users again but
this time with our designed display. Then the test users can
compare if the existing method only with spoken instructions
or our enhanced method with display is easier to understand.
After that we will test our modified device with four other
users to get information about the first-time usability.

To realize the instruction voice of our test device, we
recorded the demonstration voice on the web page of Philips
Heartstart (Figure 2). Our test device was built out of a
book to realize the lid under which the user can find the
pads and in the second test the display.

As proposed in [Lauesen 2005] the test sequence consists
of the following steps :

1. Introducing the test user:

When a test user arrives to the usability test, he is a bit
nervous. He is scared of looking stupid. For this reason



it is important to explain the purpose of the test at the
beginning:

We want to find out where the system is hard
to understand or inconvenient. We know the
system too well, so we cannot see it our-
selves. We need your help. If you have prob-
lems with the system, it is the systems fault
- not yours. [Lauesen 2005]

Talking a bit about daily matters and the users back-
ground also helps the user to relax.

. Explaining the test modalities:

We also have to tell the test user that he has to think
aloud and to describe every action he will perform dur-
ing the test.

. Explaining the situation:

Then we have to explain the user the test situation, so
that he knows exactly which situation is simulated:

You found a lifeless person lying on the floor
at the railway station. Since the person does
not breathe you assume a cardiac arrest.
You know that there is a public defibrilla-
tor close by, so you go there and press the
button on the box on the wall. By doing this
you send an emergency signal and the box
opens, so you can take out the AED. You
return to the lifeless person. Here the test
begins.

. Running the test:

During the test we split the tasks. One of us will act as
the lifeless person, another will protocol the thoughts
and the actions of the test user and the third one will
do the simulation, i.e. playing the instruction voice.

. Interview after the test:

When the test is over, we will take some time to inter-
view the user. We will try to find out, whether the user
likes the system.

(a) Is there something you like about the system?
Something you don’t like?

(b) Did you understand every instruction immedi-
ately?

(¢) Would you be afraid to use this device in case of
a real emergency?

(d) Do you have any other comments?

. Logging what happened:

The log shows the main points what the user did and
said. We will write the test log right after the test
because if you wait to long, important details could be
forgotten.

3 Results

3.1 Testlog Person A

Personal Information:

Age 23
Gender Male
Nationality German
Field of study Computer Science
First aid courses one
Knowledge about defibrillators | little
English skills good
Voice Test:
Time 2:45
Observations:

e He pre-acted.

e Warning signal was good, user moved back quickly.

e Red pad was not placed exactly as shown in the picture.
Feedback from the user:

e [ first put all things out and did not follow the instruc-
tions.

e [ was under pressure and did not hear the word ”first”.
(Remark: The instruction was to take the first pad.)

e He was confused because on the picture on pad the
device stood on the other side of the victim.

e He would use the device in case of an emergency.

e I think there must be more information and perhaps
courses, and you have to know, that there is a device.

e [ found that the voice was to slow and there was too
much voice. I think the information should be pre-
sented faster.

e I would like to have a repeat button. (Remark: The
device repeats automatically until all things are done
in the right way.)

Video test:
Time 2:23

Observations:
e He watched the video intently.

e He followed the instructions from the video, listened to
the voice and looked at pictures on the pads

e The red pad was not placed exactly as shown in the
picture.

Feedback from the user:

When it came to choosing our test users, we had to content
ourselves with our fellow students. Therefore all of them are
between 21 and 25 years old, but regarding gender, English
skills and medical and technical knowledge they are reason-
ably balanced.

e [ watched the video and I was very slow.
e [ think it is foolproof.

o [ felt surer.



e | had the feeling I was much slower the second time.
(Remark: He was faster)

e | pushed blue button to get help with CPR, because
then I’'m feeling surer.

e [ would prefer: Courses and instruction and then a de-

vice with display.

3.2 Testlog Person B

Personal Information:

Age 25
Gender Male
Nationality Swedish

Field of study Electrical engineering
First aid courses four or fife times
Knowledge about defibrillators | none

English skills very good

Voice Test:
Time 2:12

Observations:
e Our fault: Cables were afoul
e Red pad was not placed exactly as shown in the picture
e He did not go back at the warning signal

Feedback from the user:
e You don’t listen so much if you under pressure.
e I found the voice to slow, but it’s difficult if it is to fast.
e [ followed the pictures on the pads, not the voice.

e [ have no problems with using the device and would do
this in case of an emergency.

e [ have never seen such a device before.

Video test:
Time 1:58

Observations:
e He watched the display and was waiting impatiently.

e He used all three possibilities (voice-video-pictures) to-
gether. First he started to watch the video than he
turned to the patient and only listened to the voice
and looked at the pictures to placing them in the right
way.

e He did not go back at the warning signal.

e The red pad was now placed exactly.
Feedback from the user:

e [t’s better to see the video.

e If you miss some words, you can do it anyway because
you saw it in the video.

e | used all three possibilities: Voice, video, pictures.

e [ would prefer a device with video, perhaps a bit faster.

3.3 Testlog Person C

Personal Information:

Age 21
Gender Female
Nationality German
Field of study Swedish
First aid courses one
Knowledge about defibrillators | none
English skills good

Video test:

Time 2:05

Observations:

e started to wundress, then waited for the video
(?Shouldn’t this go faster?”)

e almost touched the patient when delivering the shock
Feedback from the user:
e The instructions are too slow.

e The video was more important for me than the voice
instructions.

e [ did not know how dangerous it would have been to
touch the patient when delivering the shock.

e [ would not be afraid to use the device in case of a real

emergency, but I would work much more slower and
more careful then.

3.4 Testlog Person D

Personal Information:

Age 21
Gender Female
Nationality Swedish
Field of study International Cooperation
First aid courses none
Knowledge about defibrillators | none
English skills good
Video test:
Time 3:16
Observations:

e Undressed the upper part of the body completely, al-
though the voice instruction said ”remove clothing from
the patient’s chest” and the person in the video only
opened a shirt.

e Removed both electrode pads from the yellow liner and
did not look at the video.

e Placed pads in the wrong direction. After we played the
video again she realized her mistake and corrected it.
In reality the device would recognize a wrong placement
of the pads and repeat the video and voice instructions
until they are placed correctly.



e Did not look at the video which showed how to check
the vital functions. Therefore she checked the circu-
lation at the wrist and not at the throat, like recom-
mended.

Feedback from the user:

e | was confused because I to look at the notebook for
the video instructions. (Remark: We placed the note-
book on the floor close to the patient, but of course
this solution was not perfect because the user had to
switch attention between the notebook, the AED and
the patient.)

e | did not look to much at the display, only when I re-
alized that I must have done something wrong.

e I would not be afraid to use the device.

e | like the idea that the emergency medical services are
alerted automatically when I get the AED from its box.

e [ did not know that I can’t do any harm to the patient
by using this device.

3.5 Testlog Person E

Personal Information:

Age 24
Gender Female
Nationality German
Field of study Computer Science
First aid courses one
Knowledge about defibrillators | none
English skills medium
Video test:
Time 2:33
Observations:

e Did not peel the pad from the liner at first, tried to
stick the liner on the patients chest

e After looking at the video, she placed the first pad cor-
rectly

e It took her some time to find the second pad on the
other side of the liner, although this was shown in the
video

e Warning sound signal was effective this time, she
backed off quickly from the patient

e Pressed the blue button before the voice instruction was
finished ("I did not think about it, I just did the same
as the person in the video.”)

Feedback from the user:
e The device is very easy to use.

e [ consider the videos more important than the voice
instructions. On the one hand because my English is
not so good and I did not understand everything and on
the other hand because it could be hard to understand
in a noisy place, for example when there are loudspeaker
announcements at an airport.

e The first video is unnecessary. (Remark: It showed the
user opening the device and said: ”This device helps
you to save lives.”)

e [ would not have dared to use a defibrillator in real life
because I did not know that I can’t do any harm to the
patient by mistake. This should be written on the box
on the wall, otherwise many people would not even try
to use it.

3.6 Testlog Person F

Personal Information:

Age 22
Gender Female
Nationality German
Field of study Mathematics
First aid courses one
Knowledge about defibrillators | none
English skills good

Video test:

Time 2:45

Observations:

e Was not sure if clothing should be removed completely,
had a look at the video and saw that she had done it
right

e Was uncertain when placing the first electrode pad,
waited until the video played a second time, then cor-
rected the placement

e Worked very thoroughly
Feedback from the user:

e [ was afraid to miss something because I could not look
at the video and at the sketches on the electrode pads
at the same time.

e The instructions were clear and easy to understand.

e [ did not know that the AED can decide automatically
if a shock is necessary. Now that I know I would use it
in case of an emergency.

3.7 Classification Of Errors

P1 (Set-up error) Users: A

We did not make clear that only the patients vest had to be
removed, while his t-shirt should be his ”bare chest”. So we
had to stop the test after a few seconds and to start over
again.

P2 (Annoying) Users: A, B, C
They felt that the voice/video-instructions were too slow.

P3 (Safety-Critical) Users: B, C
They did not pay much attention to the warning signal and
were in danger of getting shocked themselves.

P4 (Minor) Users: A, B, F

They did not place one or both pads exactly as shown on
the pictures, user F corrected the placement after watching
the video. The shock would have worked anyway.



P5 (Medium) Users: D
The pads were place wrong and the video instructions had
to be repeated.

P6 (Minor) Users: E
Tried at first to stick the plastic liner to the patients chest,
then looked at the video and peeled the pad of the liner.

4 Discussion

The usability test confirmed our assumption, that a display
would be an useful addition to an AED. While not all users
payed the same attention to the video instructions, all of
them stated afterwards that they felt surer when they could
see every action on the display. The most important obser-
vation was that it helped to prevent errors. Two users did
not place the electrode pads correctly, although their posi-
tion was shown on the sketches. After a short look at the
display they realized their mistake and corrected it.

The usefulness of the progress bar has been discussed con-
troversially. While some users, that were acting very quick,
read it to know about the next step in advance, it was a mere
distraction for those, who had to concentrate for following
the instructions.

Two users did not move back at the warning signal. We
assumed that this was due to the fact that they did not pay
our mock-up the same respect as a real defibrillator. But in
the interview we found out that they were not aware of the
risk of getting an electrical shock themselves. Therefore the
voice instruction should contain a comment like ”For your
own safety...”.

5 Future Work

More enhancements are imaginable for our device. Reason-
able would be an electrocardiogram (ECG) on the display
and a printed ECG so that the incidence can be documented
and doctors can have the data afterwards. Also a storage for
all data and a USB port make sense, so that the data can
be easily send to a computer. The stored data can also be
used for the purpose of evaluation.

Relating to economic aspects one should consider to use
commercial batteries because they are as good as medical
ones but cheaper. Also a long durability of the devices
should be aimed, especially for the batteries and for the pads.

Another interesting point is the form of the pads. Zoll
designed a ”One piece pad” (Figure 8). By using this it is
easy to place it right on the chest for a novice.

It is also important to assist the user by doing the CPR.
Here are more enhancements possible. By measuring depth
and rate of CPR compressions, the user can get a verbal
feedback and assurance that CPR is performed correctly.

6 Conclusion

Eventually our thesis that adding a display to an AED in-
creases the usability and lets the user help the victim faster,
was approved during ourt work and it does not make the de-
vice more complicated. Furthermore we recognized several
little enhancements we could add to our device, like changing
some of the spoken instructions.

Concerning the procedure of designing or enhancing a
device, we realised that it is really important and helpful

Figure 8: A one piece pad [zoll]

to refer to the methods, guidelines and theories of human-
computer interaction.

Finally there is another point that should be noted with
public AEDs. Although the test users had less problems
using a AED with display, we also found out that the most
user-friendly AED is more or less useless when the person,
who wants to help, does not know anything about the public
AEDs. From this we gather, that it is really important, that
the education concerning public AEDs is improved, so that
in the future more lives can be saved.
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