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1 Introduction

This document describes the final implementation of the Health AdCoS and
feedback to the HF-RTP. Since there are multiple AdCoS’s for the Health
domain, each chapter covers a separate AdCoS. Each chapter starts with a
short AdCoS introduction, followed by a description how the MTT's from the
HF-RTP have been integrated. The benefits of the HoliDes approach for
qualification and certification is described. Furthermore, an impression of
the HMI is given. Finally, each chapter concludes with feedback and
recommendations.

The order in which the AdCoS’s are described in this document is derived
from the overall health application scenario, which describes the flow of a
patient through the hospital.

AdCoS
'1. Medical consult
Operator task schedule
Querying open EHR Data

1. Medical consulit

2. MRI examination
2. MRI examination e Guided patient positioning
e Robust VCG triggering
e Safe parallel transmit scanning
3. iXR treatment ' 3. iXR treatment

e 3D Acquisition

4. Data analysis, [ 4. Data analysis, reporting

reporting and ; e Internal analysis and reporting
visualisation
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2 Operator task schedule and guidance

2.1 AdCoS description

The objective of this AdCoS is to ease the collaboration between the
different actors and systems that compose a laboratory in a medical
environment (i.e. Automated Laboratory of Biochemistry General at the
Hospital Macarena of Seville). More specifically, the AdCoS is focused on
aspects related with the proper assignment of tasks in a clinical laboratory
and the ability to manage real time instructions (alarms, checkpoints,
reminders) and to optimize the workflow and cooperation among operators.

One of the main problems that older adults and newcomers face at work is
the adaptation to a changeable working environment, which comes from
many factors: new computer and machine interfaces, new devices, new
procedures and workflow, new business line and markets, etc. An incorrect
entering of changes in the working environment can cause a wrong
understanding of concepts, and it could also cause demotivation and low
productivity, especially in older employees. Furthermore, it can lead to user
errors, which can put patients at risk.

The intention of our AdCoS system is to ease the development of a workflow
solution for hospitals focusing on the following aspects:
e Helping to the proper staff assignment to tasks.
e Providing real time instructions - trigger alarms - reminders and
check points.
¢ Optimizing of the workflow and cooperation with the rest of operators.

To that end, we have implemented a prototype of a dynamic workflow
system that helps to help personnel (specifically nurses) to carry out their
daily tasks and that the prototype helps us to pre-validate the
implementation of an AdCoS System, before the full implementation on a
real hospital is carried out. Next figure shows the interaction between
different actors and agents involved in this use case.
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information

Operators

Management
Tool

Workflow engine

Client App (HCI Adaptation)

Automatic Guidance Support (on
demand/autom

application .
assigment

S .
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Figure 1 Operator Task Schedule and Guidance AdCos Use Case

2.2 Final HMI

The interaction between the operator and the system has been carried out
through an infrastructure composed by a server side (workflow engine and
editor + workflow management tool), network communication and a client side
using a PC or tablet. This PC or tablets allow the operators to interact by using
Graphical User Interfaces (GUI).
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Figure 2 Software Architecture and actors involved

As you can see in the previous figure of software architecture, the Operator
Task Schedule and Guidance AdCoS use case is made up of three parts:

e Workflow Engine & Editor: This tool is in charge of edition of
workflow diagrams and processing the instructions, decision making
and interacting with the real device that implements the prototype
mobile application. BonitaSoft has been used to carry out this
functionality.

e Hospital Workflow Management Tool: This tool has been
implemented to manage the workflows (business processes) and the
user activity.

¢ Client application (HoliApp): application where the workflow and
alarm information is shown in real time to the operators, e.g. available
tasks to be performed, alert about new task available, assighed tasks,
etc.
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2.2.1 AdCoS design - before and after

The AdCoS use case was initiated from zero at the time the project started,
so the logic and the GUIs have been developed during the project. At
present, the traditional workflow for operators in medical environment
(nurses, physicians...) comprises very complex procedures with many
factors that influence the execution of tasks, such as unexpected events
that make it difficult to accomplish a pre-organized plan, anyway informal
processes at hospitals are very common such as meetings, hearings,
notetaking, etc.

The final HMI is mainly composed of a PC based interface for the laboratory
manager (management tool) and a tablet/smartphone based interface for
the operators (client application). Next, several screenshots have been
taken for both parts.

O U vdm1321

H@IliDes |

192.168.1.51

Figure 3 Operator task schedule and guidance use case: Login Interfaces
for Manager and Operator.

The next figure represents the main page of the workflow engine HMI
simulating a dashboard, which is only accessed by the manager or
administrator of the laboratory. In this page, the manager visualizes a
general summarize about the status of the system.

06/09/2016 Named Distribution Page 10
Only of 58
Proj. No: 332933




HoliDes ‘

Holistic Human Factors Design of
Adaptive Cooperative Human-
Machine Systems ‘

Figure 4 Operator task schedule and guidance use case: Hospital
Workflow Management Tool (dashboard)

By using this HMI, the manager is able to visualise the workflows deployed
in the workflow engine, modify some of their properties (e.g. user
assignment, time schedules, task properties, etc.), visualise the tasks and
the users assigned to those tasks, or manage the users. All these features
are represented in the next figures.

This following figure shows a list of diagrams deployed in the workflow
engine, indicating two parameters: the configuration state (resolved or
unresolved) and the status (enable or disabled). The configuration state
determines if a process can be started or not. The reasons are related to
the definition of the workflow diagram (i.e. not all the actors of the process
have mappings to users, some business data are not available, etc.)

Figure 5 Operator task schedule and guidance use case: Hospital Workflow
Management Tool (list workflows)

Each workflow can be clicked to get more information and perform some
actions on the workflow: description, involved actors, workflow diagram
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(BPMN format), modify the status, remove the workflow in the system,
know the different instances and the management of them, etc.

Figure 6 Operator task schedule and guidance use case: Hospital Workflow
Management Tool (visualise workflows)

The manager can carry out changes in the workflow diagram, for later to
be reloaded in the workflow engine manually. This feature will be improved
in next versions, to allow to the manager the possibility of updating in real
time the workflows. The only restriction is that the previous running
instances of the workflows are deleted with the new deployment. Next
figure shows the BPMN diagram for a particular workflow.

BPMN Diagram

-
[P <+

Check Liquid Levels

NO
Liquid Lgvels Ok?

Paralel Tasks

m ] Result of parah

NG

Check Reagent Levels »

Figure 7 Operator task schedule and guidance use case: Hospital
Workflow Management Tool (edit workflow properties)
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Assigned/executed

L]
L]

Figure 8 Operator task schedule and guidance use case: Hospital Workflow
Management Tool (visualise tasks)

Another feature is the management of users and actors, which are involved
in the business processes or workflows. This information about actors and
filters can be defined for each workflow in particular. When you define a
business process, you need to define who will carry out a task or step in the
process by specifying an actor. An actor can be defined for a particular task,
lane or global process. An actor is a placeholder that defines the theoretical
user or group of user who will perform the task.
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n

Mr Admin Admin Mr Jose Cordero Mr Curro Fornes Mr Antonio Gonzalez

Details

Figure 9 Operator task schedule and guidance use case: Hospital Workflow
Management Tool (manage users)

Regarding the client application (HoliApp), next we show several
screenshots of the main windows of the application: login, profile, task list,
task info, etc.

ooviasz o Ooovdans|e 00 vdanz| 00 vaniss

[ Check Liquid Levels
UVM_ADVIA
= Search for tasks... s

curro.fornes

Username

192.168.1.51

curra fornes

LOGIN Email Address

No tasks assigned. :)
curra.fomes@gmail.com R

Member since adipiscin
16/08/201613:18

Known Disabilities
MOBILITY, VISUAL State  READY

Priority NORMAL

Date 16/08/2016 14:44

Figure 10 Operator task schedule and guidance use case: HoliApp - main
windows of HoliApp

06/09/2016 Named Distribution Page 14
Only of 58
Proj. No: 332933




HoliDes

Holistic Human Factors Design of
Adaptive Cooperative Human-
Machine Systems

The application allows to the operator to check the tasks available to be
taken. The tasks can be associated to a particular area ("Room 1”, "Room
2") or not ("General”) where this information is indicated when the
workflow is instantiated.

= Oovdanufla OO vdas |

Search for tasks. Search for tasks...

Check Reagent Levels Check Liquid Levels
HUVM_ADVIA HUVM_ADVIA

Check Liquid Levels
HUVM_ADVIA

Figure 11 Operator task schedule and guidance use case: HoliApp - task
list associated to particular area ("ROOM 1”) and task list for general
tasks ("GENERAL").

Other aspect to take into account is the adapted design of the disabilities.
Different design guidelines have served as a relevant reference on a range
of topics that are crucial for the design and development of more age-
friendly human-computer interfaces, considering aspects such as vision and
hearing, motor skills, cognitive fluency and memory, familiarity and prior
experience with other technologies. The profile of the users includes the
disability information and such information could be managed from
management tool by the manager.
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ﬂ G " . 13:23 [E] Hospital Workflow Manac x Y [} D1.5-HF-RTP-1.5_FINAL @ x | [ Ch-18 Informal Hearing=.: X
< C' A [ localhost/holides/profile.php?user=curro.fornes
i Aplicaciones By Traductor de Google wR English-Spanish Dict
a
Profile
Personal
— T
- i -
aaaaaaaaaa
20
! Techs
20
Profe
Username Cou
we
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rid
Email Address "
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Known Disabilities S
MOBILITY, VISUAL comns
nobin

Figure 12 Operator task schedule and guidance use case: HoliApp - user
profile and known disabilities.

The disabilities taken into account have been:

Mobility. Some tasks require high physical effort and some operators
can present temporal back problems, physical disability, etc. The
tasks with this feature cannot be selected for this type of operators.
Visual Impairment. Operators with a limitation of actions and
functions due an eyesight problem in the vision such as Short sight,
long sight and astigmatism, etc. The interface will be enriched with
text-to-speech and augmented text.

Hearing Impairment. Operators with hearing problems. For this
disability, all the elements that require audio will be removed from
the interface.

Cognitive Impairment. Operators with learning problems when facing
new procedures or work with new technologies. The interface will be
enriched with how-to videos to facilitate the introduction to the new
procedure or system.
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00O o4 m 1243

O v.dmi12:42

Startup AutoAnalyzer

HUVM_ADVIA
Id: 4

DESCRIPTION

How dees Biochemistry analyser works

P

-~

o250 Yu@@d g

The AutoAnalyzer is an automated analyzer using
a flow technique called continuous flow analysis
(CFA).

State  READY
Priority NORMAL
Date 17/08/2016 17:54

Startup AutoAnalyzer

HUVM_ADVIA
Id: 4

DESCRIPTION

The AutoAnalyzer is an auto-
mated analyzer using a flow
technique called continuous
flow analysis (CFA).

State READY
Priority NORMAL
Date 17/08/2016 17:54

Figure 13 Operator task schedule and guidance use case: HoliApp -
adapted interfaces depending on user disabilities (left — cognitive
impairment, visual problems).
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0 9.4 m13:56

-
-

Tasks

ROOM 1 ROOM 2 GENERAL MY TASKS

Search for tasks...

Check Power Level
HUVM_ADVIA ASSIGN
Id: 40009 16/08/2016 14:56

Check Reagent Levels

HUVM_ADVIA
Id: 40006 16/08/2016 14:44

This task cannot be assigned to you
because of your mobility impairment. Try
another task.

Figure 14 Operator task schedule and guidance use case: alert message
indicating that this task cannot be assigned to the operator due to
mobility impairment.

2.2.2 Qualification and certification

The developed software and designed GUI have been carried out for a use
in @ research environment, so qualification and certification have not been
taken in mind although we consider it a fundamental factor in this area. The
next steps after the ending of the project, in addition to improve the
functional and maturity aspects because we consider that the results are
not mature enough to concretize a final product, one of the points to be
improved is the robust error (e.g. bugs) and certification issues of the
system in Hospital domains.
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2.3 HF-RTP assessment and recommendations

This use case requires a strong interaction between machine and operator,
which make adaptive human factor design very important. MTTs that
support the design process by simulating and modelling the AdCoS and user
interaction are important to optimize the design. In the context of the
Operator task schedule and guidance AdCoS, several HF-RTP tools have
been involved for modelling and designing the processes that compose the
use case.

In deliverable D6.3, several HoliDes methods and tools (RTMAPS,
GreatSPN, HEE, task modelling approach...), initially selected as the
candidates for accomplishing the use case, were analysed indicating which
of them covered most of our requirements based on the steps of the AdCoS
design and development process (requirements, design, simulator and
prototype development and prototype validation).

After comprehensive analysis, GreatSPN was selected for the design stage
where basic Petri nets were used to create models for the proposed clinical
guidelines in this use case. GreatSPN tool presents complete features for
modelling and simulate the workflow of the targeted scenarios but we can
find two main drawbacks:

o Itis not possible to perform simulation in real time, with external events
that triggers certain actions.

o The large variability of human action in this environment is difficult to
model. The non-deterministic nature of the scenario makes it difficult to
model such scenario.

Finally, the previous drawbacks causes to consider other workflow tools like
BonitaSoft or YAWL to cover the all required requirements in this use case.
Anyhow, GreatSPN was employed to model and simulate the different
clinical guidelines, and this information was used as input to validate the
workflows in BonitaSoft.

Regarding the assessment, the AdCoS assessment has been performed on
the GUIs and logic achieving an estimation of maturity of use case of TRL
4, where the different components are checked at laboratory environment
that they will work together, providing an estimation of how software test
results differ from the expected system goals.
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We note that evaluation has been carried out in a laboratory environment
by a group of non-expert users (neither technical users nor users involved
in the development of the use case), due to the difficulty to deploy the
system in a real hospital. Different profile or physical states of users have
been simulated such as disabilities, workload or tiredness.

The results indicate that the tools comply with the set of requirements
defined at the beginning of the project, the quantitative objectives set in
this evaluation and the expectations by users that they only gave feedback
some minor changes suggested in the interface. They will propose changes
in the smartphone mobile interface to increase the adaptability to the user
state, improving the efficiency and interactivity. These proposed changes
will be performed in future versions. From this evaluation, we can conclude
that the objective of this AdCos use case has been achieved in terms of
usability and interactivity with the user.
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3 Querying open EHR data
3.1 AdCoS description

Querying open EHR data AdCoS provides effective and secure remote
access for patients and authorized professionals to EHR (Electronic Health
Records). EHR contains the medical and treatment histories of patients,
diagnoses, medications, radiological studies, etc.

The patient may access to his or her own EHR and may modify some data
like demographic, habits or personal details in order to keep his or her
information as updated as possible.

In addition, all clinicians involved in a patient’s care may access to his/her
EHR. With Querying open EHR data AdCoS, information is available
whenever and wherever it is needed for fast and full documented medical
support.

The users, patient or professional, may access from wherever outside the
hospital (Web development), so, this information needs to be safely
accessible anytime anywhere.

( 3
Secure Access Interface
‘ Back-end

Display Clinical data ‘
Patient Prescriptions
|

[Z.~ Analysis and repor linu}

Figure 15: Querying open EHR data AdCoS.

DICOM
Visualizatio
n tools

WADO (Web Access
to DICOM Persistent
Objects)

The final version of this AdCos is a prototype in order to become a product
aiming at:
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e Gathering information from heterogeneous sources (DICOM
images?, EHR data, etc.) to show the data to the medical specialists
in a common way

e Extracting new useful knowledge from the aforementioned
information

3.2 Final HMI

The interaction between the operator and the system has carried out through
a technical structure; server, network communication and a device like PC or
tablet. This PC or tablets allow the users (patient and/or professional) to
interact by using Graphical User Interfaces (GUI).

In the context of the Querying open EHR data AdCoS several tools have been
considered in the development process for the new HMI; HEE, AEON, Data race
detector & healer and HF-filer. Finally, HEE and AEON are integrated.

HEE

The Human Efficiency Evaluator from OFFIS has been integrated in “Display
Patient Studies” use case. In following figure, you can see the user graphical
interface developed fulfilling the HEE recommendations.

Figure 16: Display Patient Studies Graphical User Interface

2 Digital Imaging and Communications in medicine, http://dicom.nema.org/
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Once we change "Display Patient Studies Graphical" User Interface, we
change, in cascade, all AdCoS GUI keeping a common design in all of them,
like “Clinical Reports”:

Figure 17: Display Clinical Reports Graphical User Interface

Keeping a common design is a way to enforce usability and consequently
user satisfaction.

Querying open EHR data AdCoS has been developed taking several actions to
facilitate access to patients and professionals. All recommendation described

in D6.7 have been developed:

e Standard GUI Controls: All GUIs keep a basic and similar appearance and
behavior. Following figure shows Clinical images and Clinical Reports searcher,
where the users use it in a similar way to look for details (clinical images or
reports) and select them.

| Ez Search

g Search |
8 @Camen Reina(2)
© I cammen Reina(3) .
E]newreport, 24- Share
nov-2015 8:28
& N
inew, 02-dic-2015  Share craneo.jpg, 14-feb-
1310 2014 12:41:45
= N Sha
xfdg, 30-nov-2015  Share
14:45
., Statistical{0) —
study1 jpg, 12-feb-
2014 9:53:27
1! Shared with me (0)
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Figure 18: Clinical report searcher Figure 19: Clinical images searcher

e Simple interfaces: It is necessary to avoid unnecessary elements and be
clear in the language used on labels and texts. All texts have been carefully
reviewed to ensure their understanding and clarity. However, it has been
developed in such a way that if a wrong text is detected, it is very easy to
replace it.

e Common design: One common design through the AdCoS to facilitate
efficiency (colours, light, contrast, progress bar, etc.). Careful placement of
items can help draw attention to the most important pieces of information and
can aid scanning and readability. This figure shows two different interfaces
“Send Message” and “Send Alerts” with a common design. Therefore, once the
user becomes familiar with "Sending message" will be familiar with "Send
Alerts" and vice versa.

Send Message, Tue Jul 26 13:21 x Send Alert, Tue Jul 26 13:21 X
ALL ® DOCTOR © PATIENT © ADMIN Q_searcn ‘ ALL ® DOCTOR © PATIENT © ADMIN Q, searcn

o
&
9
5
-]
L
=
]
1]
il

Send [ Send

Figure 20: Send Message (left) and Alerts (right) comparison

o Keep the user informed (at any time): The AdCoS informs the users of
actions. It reduces frustration for the user. Throughout the entire design, the
AdCoS shows information about action (“Click here to send one message”,
“Click Here to save details”, etc.) and results ("The message has been sent”,
“You have a new message”, etc.). These figures show some examples:

lerts | Send Alert | Share management | Calendar Ac(esslbml}"
) Edit profile
[ Create new alerts to notify other users about unwanted situations.
] Tl

Figure 21: Tooltip label to know what “Send Alert” does

ails (EN13606EHR standard)

Diseases Habit Patterns
Diabetes: () Yes ®' N Alcohoal »

'm ah The data has been correctly saved.
G0o0a Cau Uit

Figure 22: Information displayed on the screen about action
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o Defaults values: The AdCoS displays clinical data in logical and coherent
default values as much as possible. It reduces the user actions and speeds up
the interaction.

e Personalization options: Personalization can help make users feel more
comfortable. The users have the option to change language (English, Spanish,
etc.) and text size (at any time). These tow functionalities are developed in
Querying open EHR data AdCoS.

Login

ENGLISH ¥
enclisH M
| sPANISH

Enter user and password.

Login

Figure 23: Language selection.

g
Tue Jul 26 12:58, DOCTOR Carlos Cavero)

xx-small

x-small
Send Alert | Share management | Calendar | | gmap

medium
large
x-large
xx-large
100%
v 250%

]
@ Zcm

w
| 100px
Figure 24: Set text size.

* Response time limits: Response times must be as fast as possible; the
AdCoS displays a “"Busy” cursor if a command takes more than 8 seconds, an
explicit progress if longer.

e Display error messages: If something is wrong, like empty username, the
AdCoS displays an error message explaining clearly, why and how the user can
fix the problem, see following figure:
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Login

Enter user and password.

Login

Your username and password is incorrect.

Please, type your username and password
and click login button.

Figure 25: Incorrect username and password information

e Required fields: Any obligatory fields (lists, input boxes, etc.), which must
be filled out by the user must be highlighted. This allows us to ensure that the
user knows and provides all data needed. See following figure:

User profile X
o It Sumame ca ot be sty

User name

G, - - |
Repeat ]
P ety
Date of bith | 26.07-2016

Role _PATIENT M

Marital state | MARRIED v

Gender ® Female © Male

Figure 26: New User Interface; Errors messages.

During all development and improvements, it has taken into account
Evaluation methodology applied and described in D6.9 and its results.

Improvement compared to baseline

The new HMI has simplified the way of access clinical information data and
patient HER by (1) collecting information from heterogeneous sources and
(2) displaying it in a fast and simple way.

How the GUI adapt to the user
needs

Usability of the AdCoS 5 8
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Figure 27 Evaluation methodology applied

Two performance indicators to key words have been selected:

o Adaptability: this indicator measures how the GUI is adapted to the
user needs in order to highlight the relevant parts of the GUI (the image in
our case).

o Usability: this indicator gives the improvement in the GUI
management gathered from the users (avoiding user frustration, keeping
user informed, etc.).

For the evaluations users have been tested the GUI before and after the
changes providing feedback using surveys.

This improvement related to user satisfaction (see Figure 27 Evaluation
methodology applied

) is due to several changes in the Interfaces design. All this changes are
described above.

Qualification and certification

In this AdCoS, the use of the HEE tool was clearly beneficial because it
forced the designers to explicitly think about every individual step in the
workflow and describe it in the task analysis step. In addition, the change
of the focus, from the developer to the end user, to increase usability and
adaptability, as well as working in close collaboration with heath care
professionals. All this leads to improve functionality, usability, safety, and,
consequently, the quality of the certification process.

3.3 HF-RTP assessment and recommendations

As we mentioned in D6.7 we highly recommend that the HEE tool is able to
simulate different situations and user profiles, for example:
¢ One user patient elder may have more difficulties to interact with a GUI
than a professional may.
e Experienced user in using technologies will have less difficulties that a
person with not experience.
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4 Guided patient positioning
4.1 AdCoS description

The Guided patient positioning system provides guidance to operators of
MRI scanner during preparing and positioning patients for MRI
examinations. Correct positioning of the patient for the MRI examination
and using the right coils and other devices is important to get good
diagnostic quality images, but also important to avoid safety issues.
Currently, operators are trained for this. The on-line guidance system
intends to improve usability and to reduce risks, also in case of novice, less
experienced users.

Figure 28 Pictures of several actions during patient positioning

4.2 Final HMI

The UI Desighs on the gantry display to guide the user to prepare the
patient has been iteratively improved based on user test feedback.

4.2.1 AdCoS design — before and after

At the start of the project on Guided Patient Positioning the initial UI
design is depicted below. Based on this design feedback was gathered
from users by (1) hospital observations to learn about the current way of
working, (2) a card sorting exercise to discover what users find important
in the workflow, and finally (3) a user test based on an iterated version of
the UI design as depicted in figure 2.
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Jack Smith 6-Jun-1952 (63yrs) Male 97kg
Examcard: Liver @O 32 min.

A High SAR scan(s)

Expected SED: 3.7

J < ( ’
\
4

»
> Contrast scan

T VCG:
g Breath hold scan — e =

No signal

\

Respiratory:

No signal

Figure 29 Initial UI Design

The final design has shown improvements on several aspects:
e Information clustering to easier find important information on-screen
e Improved layout of information that fits the workflow. Actions for the
user are laid out from top-left to bottom-right
e Progressive disclosure has been applied to show relevant information
at the time required.

More details on the performance indicators can be found in deliverable D1.7
on the final baseline assessment.
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Jack Smith —
6-Jun-1952 (63yrs)

97kg VCG:
Exam: Cardiac No signal
( 32 Min.
Respiratory:
No signal

A High SAR scan(s)

Expected SED: 3.7

f Contrast scan

i Breath hold scan(s)

) Loud sound scan(s)

Figure 30 final UI Design

4.2.2 Qualification and certification

Most AdCoS in the Health domain, like this one, are products in a regulated
industry. This means that we have to adhere to specific quality and process
guidelines and standards to acquire for example CE -certification. CE
certification is needed to be able to sell the product in the European market.
Similarly, a health product of a certain class needs FDA certification to be
sold in the USA.

These standards require a documented and consistent way of working
throughout the whole product realization process (PRP). Already at the start
of a project you need to also plan all usability related activities and perform
them to quality standards. Evidence on the way of working and quality
standard results must be documented throughout the PRP.
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Having tools that support in a consistent way of working and anticipating
the clauses from standards that have to be adhered to are obviously of
great value.

e The standardization of information formats increases the consistency
of results.

e Tools anticipating the needs and requirements from standards, like
task analysis tools (means-end modelling, HF-TA, U-DAT), facilitate
documentation of the necessary artefacts needed as evidence to
particular standards. For example, a built-in module to gather and
document possible use-errors is provided by both U-DAT and HF-TA.
Use-error assessment is an important part of safety standards.

e Automation saves a lot of time. Gaining time helps to focus more on
things that really matter. Even more, automation improves
consistency in results. Consequently, the quality of results will
improve as well.

e Eventually, documentation of process and results must be
documented properly and be easily accessible. HF-Filer anticipates
such needs in providing a means to archive relevant documents and
results.

4.3 HF-RTP assessment and recommendations

For concept validation we provide preliminary embodiments of the proposed
solutions and assess these with real user representatives in various
geographical regions (e.g. Europe, India, US).

The WP5 MTT U-DAT, in combination with HF-task analysis and HF-filer,
have been used in different stages, which allows for a more systematic
concept validation and capturing of the results. See figure 3.

Means-end Means-end U-DAT HF Filer

modelling model exporter i
:D- Intermediate Usability test :> :D- Filing tool for
file format

Functional task Text file format data collection human factors
model data generator tool evaluation data

Usability

expert
Figure 31 Chain of lifecycle tools for usability evaluations of the Guided
patient positioning AdCoS
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The systematic approach going from a task analysis in one tool - Means-
end analysis - then using another tool — U-DAT - to perform user
evaluations, and finally using HF Filer to capture the main results, helps to
streamline the complete workflow and optimize and connect information
flow between different stages. This was not the case before using this
chained approach. Consequently, the chained tooling approach with
agreed upon information interfaces saves significant time as the format of
different results are consistent. Even more, automation of information
flowing from one workflow step to the next saves significant time where
previously a lot of manual-work was involved.

For the future, more automation in subsequent steps are possible. Also,
extending the common information format and providing general
interfaces from different tools, preferably in the HF-RTP, could be of great
value.
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5 Robust VCG Triggering
5.1 AdCoS description

ECG triggering is often required during MRI scans to avoid image artefacts
due to motion of the heart or blood flow. However, it is not very easy to
obtain reliable trigger signals, since both the magnetic field and the
scanning techniques distort these signals. A new technique measures the
voltages between different leads indicated as V1 and V2 in figure 1. A smart
algorithm based on this cross-referential information can detect the ECG
triggers in a different and better way. However, this technique requires
some user interaction to get the system properly calibrated.

TXXNED
T—

) I £
' Lo\
"'\|f \u'.’ v-'n'hl '-*“"""A\' w,u\l/ W‘,I .

o1 =1

ETRXERE

o+

Figure 32: Pictures of the positioning of the ECG electrodes and an
example of an ECG trace

Additional guidance for the operator is required during patient preparation
and scanning to improve the reliability of these newly measured ECG
triggers.

5.2 Final HMI

The UI Designs on the console for VCG Triggering to guide the user to
prepare for manual VCG triggering has been iteratively improved based on
user test feedback.
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5.2.1 AdCoS design - before and after

At the start of the project on Guided Patient Positioning the initial UI
design is depicted below. Based on this design feedback was gathered
from users by (1) hospital observations to learn about the current way of
working, (2) a card sorting exercise to discover what users find important
in the workflow, and finally (3) a user test based on an iterated version of
the UI design as depicted in figure 2.

Physiology Properties @

Display options: Battery Status:
[] Gridlines VeGa:
[C] Hold Screen PPU-
D Magnet Display
Select scale: ’ VCG 1.0mV 4 Communication strength

o VCG:
VCG calibration:
Enable manual calibration —

Start Calibration : :
Wireless connection:

o8 1snv HEHE |
O @D 16m\ [TT ] Network Selection: |5+
Tngger threshold: | Default :

Figure 33 Initial UI Design of the main screen for manual VCG Triggering
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Help
Display Options: Battery Status:
" Display Gridlines VCG:
' Hold Screen PPL:

v Magnet Display
Select Scale: AutoScale j

Communication Strength:

VCG Calibration: VCG:

| Manual Calibration PPL:

Start Calibration
| Wireless Connection:

MNetwaork Selection: |&

MNetwork Selection: -

Medium J

Hide |

Figure 34 final UI Design of the main screen for manual VCG Triggering

The formative user test revealed 23 usability issues. All feedback has been
taken into account, which has led to the final UI Design from figure 2.

The fact that these usability issues were highlighted using the U-DAT based
user test has resulted in an improved usability in terms of possible use error
and efficiency.

The manual ECG triggering feature has been released as part of the Philips
MR scanner software. Feedback from actual customers shows very
satisfying results.

More details on the performance indicators can be found in deliverable D1.7
on the final baseline assessment.
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5.2.2 Qualification and certification

Most AdCoS in the Health domain, like this one, are products in a regulated
industry. This means that we have to adhere to specific quality and process
guidelines and standards to acquire for example CE certification. CE
certification is needed to be able to sell the product in the European market.
Similarly, a health product of a certain class needs FDA certification to be
sold in the USA.

These standards require a documented and consistent way of working
throughout the whole product realization process (PRP). Already at the start
of a project you need to also plan all usability related activities and perform
them to quality standards. Evidence on the way of working and quality
standard results must be documented throughout the PRP.

Having tools that support in a consistent way of working and anticipating
the clauses from standards that have to be adhered to are obviously of
great value.

e The standardization of information formats increases the consistency
of results.

e Tools anticipating the needs and requirements from standards, like
task analysis tools (means-end modelling, HF-TA, U-DAT), facilitate
documentation of the necessary artefacts needed as evidence to
particular standards. For example, a built-in module to gather and
document possible use-errors is provided by both U-DAT and HF-TA.
Use-error assessment is an important part of safety standards.

e Automation saves a lot of time. Gaining time helps to focus more on
things that really matter. Even more, automation improves
consistency in results. Consequently, the quality of results will
improve as well.

e Eventually, documentation of process and results must be
documented properly and be easily accessible. HF-Filer anticipates
such needs in providing a means to archive relevant documents and
results.

5.3 HF-RTP assessment and recommendations

For concept validation we provide preliminary embodiments of the proposed
solutions and assess these with user representatives in various geographical
regions (e.g. Europe, India, US).
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The WP5 MTT U-DAT, in combination with HF-TA task analysis and
observations function, have been used in different stages of the evaluation.

The systematic approach going from a task analysis in one tool - HF-TA -
then using another tool - U-DAT - to perform user evaluations, and finally
using HF Filer to capture the main results, helps to streamline the
complete workflow and optimize and connect information flow between
different stages. This was not the case before using this chained

approach. Consequently, the chained tooling approach with agreed upon
information interfaces saves significant time as the format of different
results are consistent. Even more, automation of information flowing from
one workflow step to the next saves significant time where previously a lot
of manual-work was involved.

For the future, more automation in subsequent steps are possible. Also,
extending the common information format and providing general
interfaces from different tools, preferably in the HF-RTP, could be of great
value.
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6 Safe parallel transmit scanning
6.1 AdCoS description

To optimise the MR image quality for certain anatomical regions, a so-called
phased antenna array is used in 7T head MR imaging. A set of (e.g. 8) RF
amplifiers each connected to a coil element (antenna) provides the transmit
field to generate MR signal. Each channel is independently modulated:
optimal phase, frequency and amplitude modulation should lead to the
required excitation of part of the patient, e.g. homogeneous (same signal
from all parts of the brain), or spatially focussed (e.g. only signal from the
spinal cord).

However, this temporal modulation of the RF signals alters also the spatial
interference of the concomitant electric fields resulting potentially in unsafe
RF induced tissue heating (microwave heating effect) at certain body
location. The electric fields and heating cannot be detected directly with MRI
and their spatial patterns are highly patient specific due to the complex
electromagnetic interaction of RF signals with the human body. The RF
power absorption can only be determined by means of electromagnetic
simulations employing dielectric models of the scanned subject.

lzs a8
20 f {37
4 15 - 36
g ¢

)\ 34

5
33

o

SAR [Wikg] e 03]2

Dielectric Absorbed power Temperature
Composition patient by tissue (SAR)

Figure 35 Relation between various calculated maps of field in the patient

The AdCoS consists of the following parts:

1. RF safety assessment technology to estimate safe RF power settings
for a given patient prior to scanning and monitor heating during
scanning.

2. An operator workflow that enables non-scientific staff to be able to
perform safe parallel transmit scanning.

3. UI elements to communicate the status and required actions to the
operator.
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6.2 Final HMI

The AdCos has been realized by means of a matlab-based software tool that
allows the MRI-operator to perform all required actions. This software tool
has been installed at the scanner console, i.e. the computer that controls
the MRI scanner.

The software tool has been designed to realize an intuitive work flow that
can be used with very limited training efforts (by operators that are trained
to used traditional scanners without parallel transmit capabilities). For use
by scientists and senior operators, an extended ‘expert mode’ has been
implemented that allows for extra functionality.

To ensure safe parallel transmit scanning, the potential heating pattern
within the patient needs to be calculated beforehand. Such a calculation
takes too much time to perform real-time with the patient on the table.
Therefore the tool contains an atlas of pre-calculated heating patterns for a
wide range of potential imaging subjects. For demonstration and testing
purposes, this atlas has been realized for prostate imaging only. For an
extension towards other imaging targets, new atlases would have to be
realized for these alternative setups.

After the patient is positioned on the scanning table and the table has been
moved into the scanner, low intensity survey scans and single-channel
images will be acquired. The user will then load this data into the software
tool and select the imaging target (region of interest, ROI). After that, the
workflow follows a two or three stage process (depending on standard or
expert user). The horizontal bar on top of the GUI indicates the progress.

For standard users, the stages are as follows:

1. Model selection. Based on low-intensity survey scans, select the
best corresponding model within the database (this is aided by an
automatic selection algorithm; the user only needs to confirm the
suggested selection or select an alternative model). Figure 6.2a

2. Pulse Design. The software tool calculates the optimal phase-
amplitude settings and displays the expected signal distribution within
the body (figure 6.3). The maximum SAR (limiting factor for safe scan
settings) is depicted on the right. Below that is an indicator that
indicates the agreement between the calculated signal intensity
distribution and the expected signal intensity distribution based on
the individual channel measurements. If the user presses ‘Accept’ the
safety threshold is sent to the scanner. Alternatively, the use may
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choose to select a different model or operate the scanner using worst
case expectations (conservative scanning mode).

For expert users, ‘Model selection’ is identical. The two subsequent stages
are as follows:

2. Pulse Design. The user can choose from various pulse design options
and the expected signal intensity distribution and the expected
heating pattern (SAR distribution) are shown. The use may choose
to accept these distributions and proceed to ‘Validation’ or change
pulse sequence parameters/adjust ROI. Figure 6.5.

3. Validation. The user is presented with the expected signal
distribution based on single-channel measurements and the expected
signal distribution based on model calculations. The user can choose
to accept/change the model or to scan with worst-case heating
expectations (conservative scanning mode). Figure 6.6.

After the data has been sent to the scanner, new limitations are calculated
by the scanner software based on the calculated heating values. All
subsequent diagnostic scans are subject to these new more accurate
limitations.

&) GUL Holides SE =]

Tool for Pulse Sequence Design and SAR Assessment m

h®lIDES

HOLISTIC HUMAN FACTORS AND SYSTEM DESIGN
OF ADAPTIVE COOPERATIVE HUMAN-MACHINE SYSTEMS

Figure 36 Front page’ of the software tool for safe parallel transmit MRI
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Figure 37 Selection of the best corresponding model from the database

(left: patient image, right: image from database). The indicator shows the
level of agreement. To the left of that the model properties are depicted.
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Figure 38 The resulting expected signal intensity pattern.
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Figure 39 Expert mode - Pulse design
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In Expert mode, the 'Pulse Design’ stage of the work flow allows the user
to look at the expected signal intensity distribution (left) and the expected
heating pattern (right).
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| Model Selection H Pulse Design u Validation ‘ | Advanced l

Help

mpu s Designed | |

Validation Results
Press Accept to send the controls to the scanner. If you are not confident of the result you can try with another

. S,
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model or you can use the worst case setting. S -
Accept Change Model Worst Case 2

Simulation-based flip angle distribution
Average B1 0.59614 muT| Maximum SAR10g 1.99 Wikg
Sagital st.dev: 4.982 muT, Worst Case 17 Wig
ccccccc

Measurement-based flip angle distribution Simulation-based flip angle distribution

Figure 40 Expert mode - Validation stage

Expected signal distribution based on single channel measurements (left)
and expected signal distribution based on model calculations (right) are
depicted.

Improvement compared to baseline

The current GUI of the software tool is a result of an optimization process
by means of focus group sessions in cooperation with SNV. The first draft
of a GUI for this software was designed by one of the scientists (figure 6.7).
The participants in the focus group session have been presented with the
first version, resulting in a wide range of feedback. This has led to a fully
new approach with the two and three stage workflow as described above.
The final design has been presented again to a focus group session. The
major positive feedback was that the user friendliness and intuitiveness has
been improved considerably. Minor remarks have been implemented to
further improve the functionality and user-friendliness.
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Figure 41 First draft version of a GUI design for the AdCos

Qualification and certification
The designed GUI is meant for use in a research setting. Qualification and

certification is thus less a fundamental factor than for clinical products.
Nonetheless, we aim at introducing a clinical interface in the coming years,
thus the developed results from this Holides project will eventually have to
go through the required certification steps.

6.3 HF-RTP assessment and recommendations

The Empirical Analysis tools provided by SNV were the MTT which has had
the most impact on the building of the new graphic user interface (GUI).
In cooperation with SNV, two Focus Group sessions have been organized
to evaluate the layouts for the interfaces. The analysis tools provided by
SNV led to a better designed GUI.

All the expert participants noticed the improvement of the GUI in terms of
ease of use.

About the suitability of the new GUI for novice users, all the participants
appreciated the introduction of the “standard user mode”, but in their
opinion the software is not yet fully self-explanatory for novice users. This
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could be improved in future versions. However, also for the novice users,
the usability and user-friendliness has improved considerable. Considering
that this tool will not be used by operators without appropriate training
beforehand, the usability of the tool is currently regarded sufficient.
Relating to the intermediate assessment as reported in D6.7, we can
conclude that the target of intuitive and easy usability has been achieved.
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7 3D Acquisition
7.1 AdCoS description

An X-ray angiography system is typically used to visualize anatomy,
catheters and other instruments during minimally invasive procedures like
coronary stenting in the heart or aneurysm repairs in the brain. The X-ray
images used to be only 2D, but advances in technology now also allow to
make a 3D scan to better visualize the anatomy and use this 3D volume as
planning and ‘navigation’ tool for the intervention.

Figure 42 X-ray system acquires 3D volume to visualize the vessels (see
red). In this example, it is than overlaid on a MRI scan that the patient
had earlier (see purple).

A 3D scan allows better visualization of the anatomy, but is difficult to
perform due to the amount and complexity of the steps that need to done.
The tools require repetitive training and a lot of expertise, which is not
always available in the hospital. Furthermore, staff rotation and variability
in their task division (roles) is high, so users are not likely to become expert
users before the end of their rotation. Because of this, highly skilled
personnel are required to perform the 3D scan and in some cases, when
the staff does not feel comfortable in making a 3D scan, they will rely on
the 2D images only to do the procedure.

It is the objective of this AdCoS to help the staff become more confident in
acquiring and using 3D data. This is done by analysing the workflow steps
and developing an improved Human Machine Interface (HMI) that helps the
user in the preparation and execution of the 3D Acquisition.
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7.2 Final HMI

As explained in the introduction, performing a 3D rotational acquisition can
be quite complex and requires a lot of expertise from the user. Many
consecutive steps need to be made, during both the preparation as well as
the actual acquisition. Omitting one step may lead to a failed test scan and
requires that several preparation steps be repeated.

The new HMI features three new concepts that will improve the usability of
the system and simplify the execution of the 3D rotational scan.

1. The HMI uses graphical user guidance and procedure cards for step-
by-step assistance. It forces the user to follow a pre-defined flow of
actions and thus prevents any errors in the 3D scan preparations.

2. The alignment of the system C-arm around the clinically relevant part
of the anatomy, the Region Of Interest (ROI) is a complex task and
requires much experience in both interpreting clinical images and in
the handling of the X-ray system geometry. In the new HMI the user
can indicate the ROI and the system automatically adapts its
alignment based on this.

3. In the case of a system alignment that would lead to a collision
between the C-arm and the patient or table, the system will
automatically detect this and notify the user before the actual rotation
is started.

The abovementioned HMI improvements are captured in Figure 43.
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1. Indicate ROl in view 1 (last image hold)
2. Optional: Move C-arm to suggested 2™ angle;
Make fluoro; Indicate ROl in view 2
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position
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Figure 43 Guided user interaction between physician and the X-ray imaging
system

Improvement compared to baseline

The new HMI has simplified the way of working in the exam room by guiding
the physician through the successive steps in the procedure. By explicitly
checking each step, the number of user errors will decrease and by
automatically adapting the C-arm to the selected ROI, the number of failed
test runs will decrease.

Although further evaluation will be necessary to derive statistically relevant
conclusions, it is clear that the count of user errors will certainly decrease
thanks to guidance provided by the AdCoS. From the task analysis and
workflow simulations with the HEE tool, it became clear that the number of
user actions, compared to the existing product, will generally decrease. In
some cases, the number of user actions will remain the same or even
increase, thanks to the additional checks provided by the new HMI. This
than leads to less user errors, which will in turn lead to improved user
satisfaction.

User satisfaction has been measured through SUS questionnaires and
interviews. The questionnaires also addressed the satisfaction of the
existing HMI, allowing a comparison of the new HMI against the existing
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HMI. The SUS score has increased from 60 to 84, which is significantly
above the industry standard of 68.

Qualification and certification

The release process of the AdCoS requires that evidence is provided about
system functionality, e.g. usability, reliability and safety. Requirements
traceability is part of this process, ensuring that all Critical to Quality (CtQ)
requirements are implemented in the final design. In HoliDes, the use of
the HEE tool was clearly beneficial because it forced the designers to
explicitly think about every individual step in the workflow and describe it
in the task analysis step. As a result, the quality of the certification process
has improved: ambiguity in requirements is eliminated by modelling the
workflow and verifying this model with application experts.

7.3 HF-RTP assessment and recommendations

The tailored HF-RTP for the 3D Acquisition AdCoS consists of several tools:
A Task Editor to identify interaction tasks between the operator and
system. The Human Efficiency Evaluator (HEE) to model the interaction
capabilities of the environment, to demonstrate procedures for common
tasks and to execute CASCaS, a cognitive architecture for prediction of
human behaviour, allowing analysis of Human Factor Metrics. Deliverable
D6.8 describes in detail how the tools in this tailored HF-RTP cooperate
and which information is exchanged.

The tools in the HF-RTP, have provided valuable insights for the
development process of the new HMI for 3D Acquisition. Furthermore, the
HEE tool offers an interesting possibility to easily simulate and replay
various scenarios. This may be an interesting, unanticipated, spin-off for
training purposes of new usability designers or engineers to quickly
understand the consecutive actions in a workflow. The HEE tool not only
shows the order in which these actions take place, but it also graphically
shows which part of the system HMI is addressed.

A recommendation for further improvement would be that the HEE tool is
able to simulate how experienced and inexperienced users interact
differently with the system. An inexperienced user would sometimes make
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a mistake causing part of the tasks to be repeated. This could for instance
be simulated in the HEE by allowing a loop in the chain of tasks.

The new HMI is mainly meant to help inexperienced users to feel more
comfortable in performing, so it would be interesting to see how this is
reflected in improved human factor performance metrics.
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8 Internal analysis and reporting

8.1 AdCoS description

This use case provides a tool which analyses and generates clinical reports
based on data coming from heterogeneous and fragmented healthcare
information systems.

The access to

the system must be available anytime and anywhere, apart from

the hospital environment, so it will provide a web Graphical User Interface
(GUI). This interface provides easier usage of the information and presents
clinical information to the physician in an integrated way.

\Gender

Prescriptions
Marital state

el

Data

Classification
Prediction

New Statistical e
Report (PDF)

Figure 44: Internal analysis and reporting AdCoS.

With “Internal analysis and reporting” AdCoS the professionals can generate

two different

clinical reports (PDF format):

e Internal clinical report: This report allows analysing possible
causes that has brought a certain patient to the hospital by comparing
and analysing data with other patients in order to avoid possible
future illness. This report is internal to the hospital and includes risk
analysis, predictions, etc.

e Patient report: This AdCoS permits to generate simple reports for
the patients to provide a general overview of his/her health status.
This custom report pretends to avoid additional CDs or paper reports
given to the patient nowadays. This report includes clinical patient
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data. MRI, Lab tests, prescriptions, etc. Any clinical information the
professional considered desirable.

Patient list | Clinicaldata | Prescriptions | Radiological studies |EePeNpoEtaTE ]

" New Patient report -, New Statistic report

g Search
i . Generate new reports
V. statistical(0) selected Clinical Report P
© & camen Reina(3) /

A -

new report, Share
24-nov-2015 Personal details
8:28 Name: Carmen Reina
[ Sex: Female
inew, 02- Share
Se-2015 1310 Dob: 12-mar-1991
) Marital state: SINGLE
Lixfdg, 30-  Share
nov-2015
14:45 Appointments

30-nov-2015- 9:00
next appointment
preview name

Voh-X

Figure 45: Internal analysis and reporting AdCoS main Interface

8.2 Final HMI

Internal analysis and reporting AdCoS main strength is its capability of data
analysis. That is why we worked in the integration of APA and LEA tools, both,
related to data mining and machine learning; analysis tools to provide better
diagnostic and treatment. However, APA and LEA have been disregarded due
to the lack of java integration capabilities. Even it provides interesting results,
we need automatic feedback and dynamic integration to adapt the GUI to the
user and APA and LEA are thought as a stand-alone application.

“Internal analysis and reporting” and “Querying open EHR data” AdCoS follow
the same practical guidelines related to HMI and are described in chapter 3.
However, it is listed below some particular considerations related to this AdCos:

e Standard GUI Controls: The intention has been that, from user point of
view, there were no major differences in design between the two Adcos, this is
why, the searcher, the tree data, such as how to present the information on
the screen is very similar to both AdCoS. The backend is very different, but
that is transparent for users, Figure 16: Display Patient Studies Graphical User
Interface and Figure 17: Display Clinical Reports Graphical User Interface.
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e Simple interfaces: This AdCoS is accessible and mainly managed by
professionals with clinical and technological abilities, they have approved this
interface; it is simple and easy to use. This has allowed us to focus in the
patient clinical report, since this type of report is addressed to the patient
(without clinical knowledge), paying special attention to how display
information and texts. Even if patients seem satisfied with the information

currently displayed, no updates are discarded in this sense.

e Common design: Following figure displays the common design related to

Report generation (colors, light, contrast, controls, etc.).

Mew Report X New Report =
- — reme Save
‘ I 1 ]
Annotations Annotations
P
¥ Personal details File
¥l Clinical data Name Date Preview

| Demographic data .75 mm

¢! Prescriptions }'*
444333 02-dic-2015 14:45 ?
44433 02-dic-2015 14:44 ?

Figure 46: New Clinical Report (left) and New Statistical Report
(right) Interface comparison

e Keep the user informed (at any time): These figures show some
examples:

Carmen Reina(3)

Enew ort, 24-nov- Share New Patient report P+, New Statistic report

lick here to create a new Patient Clinical Report (Patient details. prescriotions. etc

Figure 47: Tooltip label to keep the user informed
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e Defaults values: In this AdCoS this item is not relevant due to there is only
one required field (report name) and one optional field (Annotations). The rest
of information to include are check boxes to check if the professional wants to
include the related information, which is very simple and visual as you can see
in following figure:

New Report X
Name * Save
Annotations
optional
#| Personal details File .
Date Preview

limimal clmt
[ Check this item to include related information in the Report
ooy rEpTNGTreer

#| Prescriptions

\ / 444333 02-dic-2015 14:45

Click to include

information o W
44433 02-dic-2015 14:44 ‘?

Figure 48: New Patient Clinical Report Interface

¢ Personalization options: In this item, customized details are transferred
from “Querying open EHR data” AdCoS, see Personalization options.

* Response time limits: Response times must be as fast as possible; the
AdCoS displays a “Busy” cursor if a command takes more than 8 seconds, an
explicit progress if longer.

e Display error messages: If something is wrong, like report name, the
AdCoS displays an error message explaining clearly, why and how the user can
fix the problem, see following figure:

New Report x
m £

Name Save

Annotations '

You must write a report name.

Figure 49: Empty file name information
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¢ Required fields: In this AdCoS this item is not relevant due to there is only
one required field (report name) and one optional field (Annotations). The rest
of information to include are check boxes to check if the professional wants to
include the related information, which is very simple and visual as you can see
in previous figure.

Improvement compared to baseline

The new HMI has simplified the way professionals generate clinical reports. We
have reduced the minimal number of steps needed to one; type report name,
and click on save button. In addition, if further information is need the
professional just need a click to include it (prescriptions, clinical images, etc.)
which is very intuitive.

Because "Querying open EHR data" and "Internal analysis and reporting" Adcos
are both similar from the point of view of the user; design, controls, access,
etc. satisfaction survey was conducted jointly and the results were applied to
both AdCoS. See improvement details in chapter 3 Querying open EHR data.

Qualification and certification

In this AdCoS, working in close collaboration with health care professionals was
clearly beneficial because it forced the designers to understand the specific
characteristics of the sector and develop a simple and specific workflow.

8.3 HF-RTP assessment and recommendations

AEON allows gathering heterogeneous information coming from different
sensors and it is extremely easy to use with the incorporated GUI. In the case
of APA and LEA, even they are suitable for the AdCos, it is to integrate them
with our GWT GUI because they are stand-alone applications.
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9 Conclusions

This deliverable gives an overview of the final Health AdCoS
implementations. For each individual AdCoS, specific conclusions and
recommendations are given.

AdCoS’s in the health domain are products in a regulated industry, which
requires a reproducible and documented way of working throughout the
whole product realization process. HoliDes tools and methods (like means-
end modelling, HF-TA and U-DAT) have contributed to improved
requirements management and traceability, and task analysis. Structured
documentation of process and results is facilitated by HF-Filer, by providing
a means to archive relevant documents and results.

The use of the HEE tool was clearly beneficial because it forced the designers
to explicitly think about every individual step in the workflow and describe
it in the task analysis step. As a result, ambiguity in requirements is
eliminated by modelling the workflow and verifying this model with
application experts.

In general, it can be concluded that the usage of HoliDes methods and tools
has led to various significant improvements in HMI designs and
implementations. First evaluations show that the HoliDes results lead to
better ease of use, less user actions, less user errors, and as a result in
improved customer satisfaction.
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