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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEDICAL DEVICES -

Part 2: Guidance on the application of usability
engineering to medical devices

EOREWORD

2016

International Electrotechnical Commission (IEC) is a worldwide organization for standardization com
national electrotechnical committees (IEC National Committees). The object of IEC cis\to p
rnational co-operation on all questions concerning standardization in the electrical and electronic fig
end and in addition to other activities, IEC publishes International Standards, Technigal Specifig
hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter~réeferred to a

Puljlication(s)”). Their preparation is entrusted to technical committees; any IEC National-\€ommittee int

in
go
wit

he subject dealt with may participate in this preparatory work. International,|governmental an
ernmental organizations liaising with the IEC also participate in this preparation) IEC collaborates
the International Organization for Standardization (ISO) in accordance <with conditions determi

agreement between the two organizations.

Thqg formal decisions or agreements of IEC on technical matters express,as_nearly as possible, an intern

co

ensus of opinion on the relevant subjects since each technical «committee has representation f

intdrested IEC National Committees.

IEQ Publications have the form of recommendations for international use and are accepted by IEC N

Co

hmittees in that sense. While all reasonable efforts are madesto ensure that the technical content

Publications is accurate, IEC cannot be held responsible{forvthe way in which they are used or

mis

In

interpretation by any end user.

rder to promote international uniformity, IEC Natiohal Committees undertake to apply IEC Publi

trarjsparently to the maximum extent possible in their national and regional publications. Any divg

bet
the

veen any IEC Publication and the corresponding(national or regional publication shall be clearly indid
latter.

IEQ itself does not provide any attestation -of/conformity. Independent certification bodies provide con

ass
ser

Al

No
me
oth

lessment services and, in some areas,-access to IEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

Lsers should ensure that they have-the latest edition of this publication.

liability shall attach to IEC or'its directors, employees, servants or agents including individual expe|
nbers of its technical committees and IEC National Committees for any personal injury, property dan
br damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feq

expenses arising out of ‘the" publication, use of, or reliance upon, this IEC Publication or any oth
Puljlications.

Attgntion is drawn ¢o ‘the Normative references cited in this publication. Use of the referenced publica
indispensable forithe*correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the sul

pat

ent rights.NEC shall not be held responsible for identifying any or all such patent rights.

prising
romote
Ids. To
ations,
5 “IEC
brested
d non-
closely
hed by

ational
rom all

ational
of IEC
or any

cations
rgence
ated in

formity

for any

rts and
age or
s) and
er IEC

ions is

ject of

ver, a

nI:ain task of IEC technical committees is to prepare International Standards. Howe

ected

data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC 62366-2, which is a technical report, has been prepared by a joint working group of
subcommittee 62A: Common aspects of electrical equipment used in medical practice, of IEC
technical committee 62: Electrical equipment in medical practice, and technical committee
ISO/TC 210: Quality management and corresponding general aspects for medical devices.

It is published as a double logo standard.
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The text of this technical report is based on the following documents:

Enquiry draft Report on voting
62A/1015/DTR 62A/1040A/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table. In ISO, the standard has been approved by
23 P-members out of 36 having cast a vote.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

In thig

Technical Report, the following print types are used.

— Guiidance for the implementation of a USABILITY ENGINEERING (HUMAN FACTORS ENGINEERING)
PROCESS required by IEC 62366-1:2015 and definitions): roman type.

— Additional information about USABILITY ENGINEERING best practices: italic-type.

— Infprmative material appearing outside of tables, such as notes, examples and ‘tefeérences: in smallgr type.
Tekt of tables is also in a smaller type.

— THRMS DEFINED IN CLAUSE 3 OR AS NOTED: SMALL CAPITALS.

A list |of all parts in the IEC 62366, published under the general'title Medical devices, dan be

found|on the IEC website.

This technical report is to be read in conjunction with 1E€ 62366-1:2015.

The dommittee has decided that the contents of\this publication will remain unchanged until

the sfability date indicated on the IEC website under "http://webstore.iec.ch" in theg data

related to the specific publication. At this date; the publication will be

e refonfirmed,

e withdrawn,

e replaced by a revised editioni_or

e amended.

A bilingual version of thisspublication may be issued at a later date.

IMPQRTANT.= The 'colour inside’' logo on the cover page of this publication indi¢cates

that |it, (contains colours which are considered to be useful for the cqrrect

ng a

unde;standing of its contents. Users should therefore print this document us

colo

r.
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INTRODUCTION

This technical report provides MEDICAL DEVICE MANUFACTURERS with guidance on how to
integrate USABILITY ENGINEERING (also called HUMAN FACTORS ENGINEERING) principles and
USER INTERFACE design practices into their overall MEDICAL DEVICE development PROCESSES.
The technical report recognizes that all MEDICAL DEVICES involving human interaction present
opportunities for optimization through the application of USABILITY ENGINEERING and seeks to
guide the MEDICAL DEVICE MANUFACTURERS efforts.

This report concerns the quality of USER interactions with MEDICAL DEVICES that are as varied
as acquiring information on a display, pressing a physical button or on-screen touch target
button), selecting items on a software menu, attaching ACCESSORIES to a MEDICAL DEVICE and
interpreting warnings as well as understanding relevant aspects for the proper use-pf the
MEDICAL DEVICE by reading the ACCOMPANYING DOCUMENTATION. USABILITY ENGINEERING
programs, if properly implemented, can increase the likelihood that USERS are able to pgrform
such @ctions correctly and without hindrance.

Medidal practice is increasingly using MEDICAL DEVICES for observation and treatmeént of
PATIENTS. USE ERRORS caused by inadequate MEDICAL DEVICE USABILITY have become an
incredsing cause for concern. Many of the MEDICAL DEVICES developed without applying a
USABILITY ENGINEERING PROCESS are non-intuitive, difficult to I€arn and difficult to use. In
additipn, MEDICAL DEVICES developed without applying USABHJ4TY ENGINEERING or devgloped
with |ncomplete or inadequate application of USABILITY ENGINEERING can include design
shortgomings that can lead to USE ERRORS, particularly with varied USERS and USE
ENVIRDNMENTS, which can lead to HARM.

As hegalthcare evolves, less skilled USERS including PATIENTS themselves are now |using
MEDICAL DEVICES and MEDICAL DEVICES are becoming more complicated. While MEDICAL
DEVICES become increasingly sophisticated, they can be more likely to induce USE ERRQRS. If
not properly designed or safeguarded, MEDICAL DEVICES could contribute to HAZARDOUS
SITUATIONS and can be a source of HARM. An appropriate-tailored investment in USABILITY
ENGINEERING ensures that MEDICAL DEVICES will have acceptable RISK and USABILITY and that
desigh shortcomings are identified.and removed from the USER INTERFACE. Accordingly, this
techn|cal report emphasizes thelimportance of designing for USABILITY, with an emphasis
placed on ensuring SAFETY.

Ascriling to this report helps MANUFACTURERS respond effectively to regulatory expectations
that cpll for the application of USABILITY ENGINEERING during the MEDICAL DEVICE development
PROCESS. It also helps MANUFACTURERS produce MEDICAL DEVICES that have well degigned
USER [INTERFACES. that satisfy USERS. As such, it can propel a MANUFACTURER beyond a
common sense&/approach to USER INTERFACE design to an approach that fully embraces
USABILITY ENGINEERING as an essential step toward design excellence. Other beneficiarnies of
this document's guidance include authorities having jurisdiction (AHJ) and MEDICAL OEVICE
consumeérs-who share a common interest in safe and effective MEDICAL DEVICES.

The guidance provided in this report applies to all MEDICAL DEVICES, including those used by
laypersons and/or healthcare professionals; MEDICAL DEVICES that perform just one function
and those that perform many functions; USER INTERFACES in the form of hardware, software,
documentation, and packaging; MEDICAL DEVICES that fit in a pocket, sit on a table, ride on a
cart, or fill a room; and MEDICAL DEVICES that require no prior operational knowledge or call for
training before use. Accordingly, it applies to a pen injector, glucose meter, infusion pump,
PATIENT monitor, anaesthesia workstation, and radiation therapy system, just to name a few
MEDICAL DEVICES.
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MEDICAL DEVICES -

Part 2: Guidance on the application of usability
engineering to medical devices

1 Scope and purpose

1.1 Scope

This Part of IEC 62366, which is a Technical Report, contains background informatio
provides guidance that addresses specific areas that experience suggests can.be’help
those|implementing a USABILITY ENGINEERING (HUMAN FACTORS ENGINEERING) PROCESS b
defingd in IEC 62366-1:2015 and as supporting goals other than SAFETY. This-technical
is nof intended to be used for regulatory purposes. It contains no requirements ang
provides guidance and tutorial information.

NOTE SAFETY is freedom from unacceptable RISK, which is described in ISO"4971. Unacceptable R]
m USE ERROR, which can lead to exposure to direct physical HAZARDS\or to loss or degradation of

e information about efficient ways to implement elements required by |IEC 62366-1
d

ditional information, in particular how USABILITY relates to attributes such as
ICIENCY and USER satisfaction, \which can enhance a MEDICAL DEVICE’S comn]
ccess.

v mo

This technical report discusses_the business benefits of USABILITY ENGINEERING, the bas
applidable analysis and designtechniques, MEDICAL DEVICE USABILITY EVALUATION approg
efficignt ways to address "USABILITY ENGINEERING project implementation issues
integrption into a qualitys management system) and provides a list of useful USA
ENGINEERING resources.

This fechnical report also can be useful for other healthcare products (e.g. drug pack
and dfug LABELLING, drug-MEDICAL DEVICE combination products and health IT software).

1.2 |Purpose

n and
ful for
bth as
report

only

ISK can
clinical

EDICAL

2015;

TASK
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ics of
ches,
(e.g.
BILITY

aging

The intent of this technical report is to provide guidance related to:

e the essential elements of a USABILITY ENGINEERING PROCESS as required by

IEC 62366-1:2015, including:

— USER research techniques,

— analysis techniques,

— design techniques, and

— MEDICAL DEVICE USABILITY EVALUATION approaches (e.g. USABILITY TESTING);
e the planning and implementation of the USABILITY ENGINEERING PROCESS;
o the benefits of applying USABILITY ENGINEERING; and
e improve USER satisfaction.
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This technical report is intended to be read in conjunction with IEC 62366-1:2015.

The intended reader for this technical report includes the people or organisations that are
involved with planning, funding, managing, and performing research, design, evaluation and
regulatory-related activities (i.e. approbation) related to MEDICAL DEVICES, including, but not
limited to:

e company, department, project, and product managers;

e design and engineering professionals (e.g. human factors engineers, industrial designers,
technical writers, information designers, software developers, mechanical engineers,
electrical engineers, packaging engineers);

e medical researchers and other interested clinicians;
o marketers and other business professionals in the MEDICAL DEVICE industry;

e qyality or regulatory staffs of MEDICAL DEVICE MANUFACTURERS (for example, regylatory
affairs, RISK MANAGEMENT or quality management roles); and

o wifiters of product standards.

This technical report is neither intended as the sole source of USABI{TY ENGINEERING guiflance
for MEDICAL DEVICE MANUFACTURERS, nor a complete substitute forshuman factors expertise.
Rathdr, it is intended to provide readers with a general understanding of how to perform
USABILITY ENGINEERING in an economic manner. Readers, are” advised to supplement the
knowledge they gain from this report with knowledge,» acquired from complemegntary
documents including those specific to the MEDICAL DEVICE of interest. A list of useful USABILITY
ENGINEERING resources and further readings is provided_in Annex A.

This report does not address detailed USABILITY ENGINEERING design guidance or requirements,
such gs recommendations on the proper size of,text on a computer screen, appropriate| ways
to arrange a workstation's displays and controls, or characteristics of an appropriate ALARM
SIGNAL. Such information can be found in other documents, such as [1][2][3][4]".

This technical report does not describe a specific set of USABILITY ENGINEERING activitiels that
suit gll design projects. Instead, it gives guidance for a general USABILITY ENGINEERING
PROCESS requiring further shaping and tailoring to suit a given development project's rleeds.
USABILITY ENGINEERING practice’ varies widely throughout the world and even within specific
countries, companies, and ‘company units. This variation is partly due to the diversity |found
among USABILITY ENGINEERING practitioners who can have a background in one or more of
varioys professional fields, such as engineering, psychology, or design. Practice differences
also ¢xist due to the“wide variety of MEDICAL DEVICES, which range from seemingly gimple
syrindes to complex imaging systems, some of which are used in hospitals, clinics, and/pr the
home| by various types of medical professionals as well as laypersons (e.g. PATIENTB and
careg|vers who'take care of PATIENTS, such as a child or spouse).

2 Neormativereferences

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any
amendments) applies.

NOTE Informative references are listed in the bibliography beginning on page 98.

IEC 62366-1:2015, Medical devices — Part 1: Application of usability engineering to medical
devices

1 Numbers in square brackets refer to the Bibliography.
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ISO 14971:2007, Medical devices — Application of risk management to medical devices

3 Terms and definitions

For the purposes of this document, the terms given in IEC 62366-1, ISO 14971, as well as the
following apply.

NOTE An index of defined terms is found beginning on page 101.

3.1
ACCESSORY
additipnal part for use with MEDICAL DEVICE in order to:

— adhieve the INTENDED USE,

— adapt it to some special use,

— fagilitate its use,

— enhance its performance, or

— enable its functions to be integrated with those of other MEDICAL/DEVICE

[SOURCE: IEC 60601-1:2005, 3.3, modified — ‘equipment’ is replaced by ‘MEDICAL DEVICH'] [5]

3.2
ADVERSE EVENT
event|associated with a MEDICAL DEVICE that led to death or serious injury of a PATIENT,| USER
or other person, or that might lead to death or serious injury of a PATIENT, USER or|other
persop if the event recurs

Note 1|to entry: This definition is consistent with guidance in GHTF/SG2/N54/R8:2006. [6]

Note 2|to entry: This definition includes malfunétion or deterioration of a device which has not yet caused death
or serigus injury, but which could lead to death“er serious injury.

[SOURCE: ISO TS 19218-1:2011,2.1] [7]

3.3
ALARN CONDITION
state [of the ALARM SYSTEM when it has determined that a potential or actual HAZARDOUS
SITUATION exists for Which OPERATOR awareness or response is required

Note 1|to entry: _AR"ALARM CONDITION can be invalid, i.e. a false positive ALARM CONDITION.

Note 2|to entry=>An ALARM CONDITION can be missed, i.e. a false negative ALARM CONDITION.

[SOURCE: IEC 60601-1-8:2006 and IEC 60601-1-8:2006/AMD1:2012, 3.1] [1]

3.4
ALARM LIMIT
threshold used by an ALARM SYSTEM to determine an ALARM CONDITION

[SOURCE: IEC 60601-1-8:2006, 3.3] [1]

3.5

ALARM SIGNAL

type of signal generated by the ALARM SYSTEM to indicate the presence (or occurrence) of an
ALARM CONDITION

[SOURCE: IEC 60601-1-8:2006, 3.9] [1]
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3.6

ALARM SYSTEM

parts of the MEDICAL DEVICE that detect ALARM CONDITIONS and, as appropriate, generate ALARM
SIGNALS

[SOURCE: IEC 60601-1-8:2006, 3.11, modified — ‘ME EQUIPMENT or a ME SYSTEM’ has been
replaced by ‘MEDICAL DEVICE’] [1]

3.7

CLOSE CALL
case in which a USER almost commits a USE ERROR while performing a TASK, but recovers in
time tp avold making the USE ERROR

EXAMRLE A USER might initially place his or her thumb on the wrong end of an injection pen, but then rotqtes the
pen intp the proper position enabling a safe and effective injection.

Note 1|to entry: A CLOSE CALL does not include a case in which an initial USE ERROR evokes '‘an ALARM CONDITION,
for example, leading the USER to correct the USE ERROR; this is a case of a RISK CONTROL working properly.

3.8
CONCEPTUAL MODEL DIAGRAM
graphjcal description of the underlying organization and relatienships in a USER INTERFACE
desigh.

EXAMRLE A diagram that simply shows labelled circles — perhaps as few as three to five.

3.9
FIDELITY
degree to which a model or SIMULATION reproduces the state and behaviour of a real|{world
object or the perception of a real world object, feature or condition

Note 1|to entry: Low-FIDELITY models share only-a‘limited number of common elements with the actual MEDICAL
DEVICE|of interest.

Note 2|to entry: High-FIDELITY models share_.many common elements with the actual MEDICAL DEVICE of intefest.

[SOURCE: ISO 16781:2013, 2.4-modified — deleted , or chosen standard in a measuraple or
perce|vable manner’ and added Notes 1 and 2 to entry.] [8]

3.10
FUNCTION ANALYSIS
analysis of MEDICAL.DEVICE-related functions that occur to accomplish operational goals and
particularly which-functions are (or should be) performed automatically by the MEDICAL QEVICE
or mgnually by)the USER, or by a combination of both based on their known strengths and
weakmnesses

3.1
KNOWLEDGE TASK STUDY

a study performed by questioning USERS to understand and interpret important information in
the USER INTERFACE that will be applied to make use-related decisions

3.12

LABELLING

written, printed or graphic matter

— affixed to a MEDICAL DEVICE or any of its containers or wrappers, or
— accompanying a MEDICAL DEVICE,

related to identification, technical description, and use of the MEDICAL DEVICE, but excluding
shipping documents
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Note 1 to entry: For the purposes of this International Standard, the term “marking” as used in ISO 9001 is
interpreted to mean “LABELLING”.

Note 2 to entry: Some regional and national regulations use the term “LABELLING” more comprehensively to
include for example, promotional materials and training.

[SOURCE: ISO 13485:20032, 3.6, modified — Deleted existing note, and Note 1 to entry and
Note 2 to entry have been added.] [9]

3.13
SIMULATION

conceptualization and use of an abstraction or model that behaves in a way similar to a real
MEDI|CAL-DEMICE-in-itS-SYSTEM

3.14
TASK ANALYSIS
analysis employed to determine the USER goals and the specific behaviours required of USERS
when [operating equipment or doing work

Note 1|to entry: The documentation of a TASK ANALYSIS can take a narrative, tabular, of flow chart form.

Note 2|to entry: Example interactions include acquiring information, processing information, making decisidns and
performing physical actions.

[SOURCE: ISO 9241-5:1998, 3.22, modified — replaced ‘pedple” with ‘the USER goals ang’ and
added Notes 1 and 2.] [10]

3.15
USABILITY GOAL
desirgd quality of a USER-MEDICAL DEVICE interaction

NOTE 1| TO ENTRY: USABILITY GOALS can be expressed in written form, stipulating a particular USABILITY alttribute
(e.g. TASK compliance rate, TASK speed, learning time, accuracy, visual appeal, comfort) and performance driterion
(e.g. néimber of seconds, USE ERROR rate, average-subjective ratings).

NOTE 2 TO ENTRY: USABILITY GOALS can address objective (observable) and subjective (opinion-based) asgects of
interacfion and can be used as a basis for-planning and judging the results of USABILITY TESTS.

3.16
USABILITY SPECIALIST
profegsional competent-on the basis of appropriate education, training, skills or experience to
perfom USABILITY ENGINEERING activities

Note 1|to entry: A _USABILITY SPECIALIST applies knowledge of human characteristics and USABILITY ENGINEERING
methods to supportthe development of safe, effective, usable, and satisfying MEDICAL DEVICES.

3.17
USER |[NTERFACE REQUIREMENT
testabtetechmicatdesigm requirerment for a USER INTERFACTE Tharacteristic

Note 1 to entry: A USER INTERFACE requirement can be USER INTERFACE design feature or medical device
performance level.

Note 2 to entry: A USER INTERFACE REQUIREMENT is typically derived from a USER need.

2 The reference to I1ISO 13485:2003 was retained to maintain alignment with IEC 62366-1:2015. At the next
revision of IEC 62366-1, the references will be updated to the latest edition of ISO 13485.
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4 Mapping between the requirements of IEC 62366-1 and the guidance of
IEC TR 62366-2

Table 1 provides a mapping between the requirements of IEC 62366-1 and the guidance of
this technical report.

NOTE Not all of the content of this technical report maps directly to the normative parts of IEC 62366-1. This

technic

5 B

al report also contains additional information about good USABILITY ENGINEERING practices.

ackground and justification of the USABILITY ENGINEERING program

51 How SAFETY relates to USABILITY

The application of USABILITY ENGINEERING is widely recognized as essential to'-producing

MEDICAL DEVICES that are safe and effective to use. Past analyses of ADVERSE, EVENTE (i.e.

injurigs, deaths, and property loss) involving MEDICAL DEVICES have shewn that|USER

INTERFACE design shortcomings can lead to USE ERRORS and, consequently, injuries and

deathp, as reported in many sources. For example:

e tubing connector shortcomings and the resulting misconnections<{of incompatible MEDICAL
DHVICES and ACCESSORIES have led to air emboli, poisoning, and asphyxiation;

e confusing menu systems within infusion pumps have led to{drug delivery errors, including
underdoses, overdoses, and treatment with the wrong drug;

e vigual ALARM SIGNAL message ambiguities and the.Option to override ALARM SIGNALS in
dialysis equipment have led clinicians to overlgok’ and misjudge the signs of PATIENT
digtress.

Table 1 — Mapping between the,requirements of IEC 62366-1
and the guidance'of IEC TR 62366-2
Subclause of IEC 62366-1:2015 Subclauses of IEC TR 62366-2:2016
4.1.1 |USABILITY ENGINEERING PROCESS 6 How to implement a USABILITY ENGINEERING
program
6.1 Effective USABILITY ENGINEERING programs
6.2 Effective USABILITY ENGINEERING projects and
plans
6.4 Ensure the necessary resources are availajle
6.5 RISK MANAGEMENT as it relates to USABILITY
ENGINEERING
4.1.2 |RISK CONTROQL as it relates to USER INTERFACE 6.5.2 RISK CONTROL
design
4.1.3 [Inférmation for SAFETY as it relates to USABILITY 6.5.3 Information for SAFETY
42 IQ/"\DII_II T CINOITNCENTING TTEE GC I\JI\DI"‘\I:!ILII T CINOITINCEWNTING TTEE
4.3 Tailoring of the USABILITY ENGINEERING effort 6.7 Tailoring the USABILITY ENGINEERING effort
5 USABILITY ENGINEERING PROCESS 7 Overview of the USABILITY ENGINEERING PROCESS
5.1 Prepare USE SPECIFICATION 8 Prepare the USE SPECIFICATION
5.2 Identify USER INTERFACE characteristics related to | 9 Identify USER INTERFACE characteristics related
SAFETY and potential USE ERRORS to SAFETY and potential USE ERRORS
5.3 Identify known or foreseeable HAZARDS and 10 Identify known or foreseeable HAZARDS and
HAZARDOUS SITUATIONS HAZARDOUS SITUATIONS
5.4 Identify and describe HAZARD-RELATED USE 11 Identify and describe HAZARD-RELATED USE
SCENARIOS SCENARIOS
5.5 Select the HAZARD-RELATED USE SCENARIOS for 12 Select the HAZARD-RELATED USE SCENARIOS for
SUMMATIVE EVALUATION SUMMATIVE EVALUATION
5.6 Establish USER INTERFACE SPECIFICATION 13  Establish USER INTERFACE SPECIFICATION



https://iecnorm.com/api/?name=238d53394b030a11f85990553c50a7de

IEC TR 62366-2:2016 © IEC 2016 -15 -

Subclause of IEC 62366-1:2015 Subclauses of IEC TR 62366-2:2016

5.7 Establish USER INTERFACE EVALUATION plan 14 Establish USER INTERFACE EVALUATION plan

and FORMATIVE EVALUATION training

16 Perform FORMATIVE EVALUATIONS

5.8 Perform USER INTERFACE design, implementation | 15  Design and implement the USER INTERFACE and

5.9 Perform SUMMATIVE EVALUATION of the 17  Perform SUMMATIVE EVALUATION

USABILITY of the USER INTERFACE 6.5.4 Overall evaluation of RESIDUAL RISK

The dpplication of USABILITY ENGINEERING IS a principlé means 10 reduceé MEDICAL. 0
unacdeptable RISK and improve PATIENT care by reducing the potential for harmful USE-#
through enlightened USER INTERFACE design. This viewpoint applies to MEDICAL DEVICES]
by medical professionals, such as ventilators, PATIENT monitors, and X-ray machines. |
applig¢s to MEDICAL DEVICES used by laypersons (e.g. PATIENTS and caregivers-who take ¢
PATIENTS, such as a child or spouse), such as nebulizers, glucose meters;and insuli
injectors.

Annex B lists external resources of reports that MANUFACTURERS can‘review to identify |
problems with USER INTERFACES to avoid when developing a MEDJCAL DEVICE of the sa
similayr type.
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MEDIGQAL DEVICE SAFETY and MEDICAL DEVICE USABILITY are interrelated. For instance, features

that Help to ensure SAFETY, such as high and low dosing limits built into an infusion p
software, can also increase a MEDICAL DEVICE'S USABILITY. In addition to protecting a P/
from @ harmful underdose or overdose, a feature.such as dose limits gives USERS a h
indicgtion of the allowable dosing range. This can reduce the burden on the USERS’ m
and increase their confidence when programming the pump.

USER|INTERFACE design features intended to increase TASK speed — a traditional USA
attribgte — might also reduce unacceptable RISK because slow TASK performance might
an urgent therapy (e.g. treating a RATIENT who is unconscious due to an opioid overdg
injecting a reversal agent). Conversely, it might introduce new HAZARDOUS SITUATIONS be
criticil confirmation steps werexnot implemented. Slow TASK performance could also |
well-meaning USER to pass, over steps in a PROCEDURE to increase speed of the PROCE
This gan result in a higher probability of USE ERROR linked to a potentially unacceptable
The UBSABILITY ENGINEERING PROCESS should be used to help ensure that this does not ha

As such, USABILITY\ENGINEERING activities usually serve the dual purpose of reducing M8A
DEVICE unacceptable RISK and enhancing USABILITY. A MEDICAL DEVICE’S increased appe
predigtable_by-product of the USABILITY ENGINEERING PROCESS.

5.2 Reasons to invest in USABILITY ENGINEERING
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In promoting the development of safe and effective MEDICAL DEVICES, many MANUFACTURERS
perform more extensive application of USABILITY ENGINEERING principles because they consider

it a good practice for business. Potential, business-related benefits include the following.

a) Reduced time to market due to the prevention of product launch delays associated with
the late detection of USER INTERFACE design shortcomings that require time-consuming

correction.
b) Reduced time to market due to reduced regulatory review times, owing to the creatio

n of a

complete and convincing submission package from a USABILITY ENGINEERING perspective.

c) Improved sales because customers perceive the MANUFACTURER'S MEDICAL DEVICE(S) as

more "USER friendly"” than other MANUFACTURERS’ MEDICAL DEVICE offerings.

d) Simpler training because a MEDICAL DEVICE'S intuitive operation and integrated procedural

guidance enable USERS to master operation concepts and PROCEDURES quickly.
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Reduced demand for customer support because customers are better able to operate and
troubleshoot a MEDICAL DEVICE without seeking outside support.

Fewer returned products that are deemed "defective" by USERS, when there is no technical
failure of the MEDICAL DEVICE.

Better treatment compliance rates (fewer PATIENTS abandoning the treatment).
Better application of currently available technology to MEDICAL DEVICES.

Increased utilization of available features which can otherwise be unknown to the USER, or
can be combined in creative ways.

How to implement a USABILITY ENGINEERING program

Effective USABILITY ENGINEERING programs

It is recommended that the MANUFACTURER develop, implement and maintajy'a USABILITY
ENGINEERING program to ensure the consistent and broad application of USABILITY ENGINBERING

PROCESS, potentially across multiple product development efforts. Steps cahyinclude:

a)
b)
c)

6.2

agsigning organisational roles and responsibilities relating USABILITY ENGINEERING PROPCESS;
egtablishing general PROCEDURES for major USABILITY ENGINEERING PROCESSES; and
allocating the necessary resources during budgeting cyclesAo perform the activities.

Effective USABILITY ENGINEERING projects and plans

As part of an effective USABILITY ENGINEERING program, it is highly recommended that the
MANUKFACTURER develop a USABILITY ENGINEERING project plan for each product development
effort) It describes all USABILITY ENGINEERING-related activities that are planned to take|place
during MEDICAL DEVICE development from concgept to final design. The USABILITY ENGINHERING
projedgt plan should define activity timelines; \team member roles and responsibilities as well
as cqgsts as tailored for the specific project (see 6.7). This facilitates the integratlon of
USABILITY ENGINEERING into the MEDICAL DEVICE project development plan and avoids the
problems arising from USABILITY ENGINEERING being considered a separate indepgndent
PROCESS. Annex D summarizes the>-USABILITY ENGINEERING project end products. USABILITY

ENGINEERING project plans can be)integrated into a general MEDICAL DEVICE project plans

Effective USABILITY ENGINEERING projects address the need to demonstrate that the [RISKS
related to USE ERRORS._‘ofi'the MEDICAL DEVICE are reduced to acceptable levels. They also

facilitate the development of MEDICAL DEVICES that are satisfying to use.

A parficular USABILITY ENGINEERING project can focus on developing the following.

a)
b)
c)

d)

An updateto an existing (i.e. legacy) MEDICAL DEVICE without the addition of sign|ficant
ngw features.

AIMEDICAI DEVICE representing a line extension because it has a USER INTERFACE that is

similar to one on an existing MEDICAL DEVICE, but incorporates new features.

A next generation version of a MEDICAL DEVICE (i.e. replacement model) that represents a
major conceptual departure from the MEDICAL DEVICE it replaces.

An altogether new MEDICAL DEVICE with no predicate (i.e. no other MEDICAL DEVICE works in
a similar way to serve the same purpose).

Such projects typically generate a comprehensive set of USABILITY ENGINEERING RECORDS
comprising a USABILITY ENGINEERING FILE. As discussed later, MANUFACTURERS should ensure
that USABILITY ENGINEERING documentation, such as the USER INTERFACE SPECIFICATION,
facilitates good USABILITY ENGINEERING rather than becoming an intensive paperwork exercise
that eclipses the actual USER INTERFACE design effort. The key to achieving this goal is to
follow a USABILITY ENGINEERING PROCESS that serves the need.
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The USABILITY ENGINEERING plan for a specific project is likely to be one-of-a-kind, its
distinctiveness owing to the type and extent of USER interactions with the associated MEDICAL
DEVICE. However, a USABILITY ENGINEERING plan should achieve the following common
objectives.

a)

b)

d)

e)

f)

g)

h)
i)

6.3

Describe a potentially iterative USER INTERFACE development PROCESS that includes
research (e.g. identifying USER GROUPS and USE ENVIRONMENTS) and design, modelling (e.qg.
producing prototypes), and USABILITY EVALUATION cycles.

Focus on identifying and elimination of USE ERRORS leading to a usable and appealing
MEDICAL DEVICE.

Address all relevant points of USER interaction (i.e. points of interaction between USERS
arld hardware, software, and USER support componenis and LABELLING—embedded] help,
gyick reference card, USER's manual, and other ACCOMPANYING DOCUMENTATION).

Consider establishment of USABILITY GOALS for commercialization purposes ohly (i.p. not
for SAFETY purposes), and plan relevant design, evaluation and testing. Annex C coptains
additional information.

Identify the USABILITY ENGINEERING methods to be utilized. Annex E contains add|tional
information.

Identify the USABILITY ENGINEERING RECORDS that need to be created, which are the cpre of
the USABILITY ENGINEERING FILE.

Inglude a schedule indicating how the USABILITY ENGINEERING activities are expected to
prpgress over the course of an overall MEDICAL DEVICE deyelopment project.

Allow for design iteration, as needed, to produce a_successful design.
Prepare submissions for AHJ.

Apply an appropriate level of USABILITY ENGINEERING expertise

It is recommended for a MEDICAL DEVICE “development team to have available adgquate
USABILITY ENGINEERING expertise and include at least one USABILITY SPECIALIST, as ngeded.
The USABILITY SPECIALIST should have” relevant, appropriate training (e.g. in USABILITY
ENGINEERING) and have appropriate MEDICAL DEVICE domain knowledge. USABILITY
ENGINEERING expertise can also.be“gained through formal USABILITY ENGINEERING edudation,
complemented by applicable experience applying the USABILITY ENGINEERING PROCHSS to

MEDICAL DEVICE development(

USABILITY ENGINEERING-eXpertise can also be provided by individuals who are self-educated in
the figld and those who' have attended courses intended to teach them important USABILITY

ENGINEERING concepts and best practices related to MEDICAL DEVICE development.

Among others, the following types of professionals can also participate actively in USABILITY
ENGINEERING. activities, such as contributing to the USABILITY ENGINEERING project| plan,
partic|pating in the analysis of USABILITY problems, designing or modifying a MEDICAL DE)VICE’S

USER INTERFACE or observing and analysing the results of USABIILITY TESTS:

a)

b)
c)

d)
e)

f)

technical writers responsible for developing the learning tools associated with a MEDICAL
DEVICE; tools such as quick reference cards, USERS manuals, other ACCOMPANYING
DOCUMENTATION, online help, and educational posters;

training course developers and trainers;

marketing specialists who have a strong appreciation for USABILITY ENGINEERING and
recognize the important differences between USABILITY ENGINEERING and market research;

clinicians who have a strong understanding of the USER perspective;
developers who build USER INTERFACE prototypes for use in USABILITY TESTS; and

engineers and designers who have learned about USABILITY ENGINEERING to enable their
own work or manage the USABILITY ENGINEERING efforts of other development team
members.
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6.4 Ensure the necessary resources are available and well timed

A USABILITY ENGINEERING project can struggle if it lacks the necessary funds or is given too
little time to have a positive effect on the MEDICAL DEVICE development PROCESS. Specifically,
the project might fail to produce the results necessary to secure regulatory clearance for a
given MEDICAL DEVICE. Therefore, for multiple reasons including launching a MEDICAL DEVICE
on schedule, USABILITY ENGINEERING projects should be adequately funded. At a minimum,
MANUFACTURERS should invest sufficient resources to ensure that a MEDICAL DEVICE is safe and
effective when used as intended by the MANUFACTURER, noting that a larger investment might
boost the usABILITY and commercial prospects of a MEDICAL DEVICE. Additional information is
found in 5.2.

the work retrospectively when a MEDICAL DEVICE is in the later stages of development.

It is v|tal to execute the USABILITY ENGINEERING project in a timely manner, rather than pirform
RISK

Performing the work late has been shown to produce fewer benefits and increases th
that a|MEDICAL DEVICE does not meet the needs of USERS.

Anotr(]er hallmark of an effective USABILITY ENGINEERING project is a high-degree of integration
with gther engineering, design, and even marketing activities. ldeally, dSABILITY ENGINHERING
projegt is structured and timed so that it runs smoothly in conjungction with other MEDICAL
DEVICE development activities, such as the exploration of various USER INTERFACE mechahisms,
the selection of a display technology, the construction of APPEARANCE MODELS by indystrial
desighers, the choice of USER INTERFACE development tools, and/feature selection. In conptrast,
poorly timed USABILITY ENGINEERING activities can produce yseful design insights, but nqt at a
point [n the development PROCESS when they can be implemented efficiently and effectively.

6.5 RISK MANAGEMENT as it relates to USABILITY.ENGINEERING
6.5.1 RISK ANALYSIS

The MANUFACTURER should integrate USABILITY ENGINEERING and RISK MANAGEMENT effort$. The
documentation of USE ERROR HAZARD analysis should be shared by the persons responsible for
RISK MANAGEMENT and USABILITY ENGINEERING. For example, a shared USE ERROR HAZARD
analysis document can be an input to both the RISK MANAGEMENT team and USABILITY
ENGINEERING team.

The MANUFACTURER should-treat USE ERRORS in the same manner as other MEDICAL QEVICE
failurgs, such as mechanical or electrical component failures and software anomaligs, for
example, recognizing(that USER INTERFACE design shortcomings can lead to USE ERRORS,
which|in turn can lead to significant HARM. IEC 62366-1:2015, Table B.2, contains examgles of
USE ERRORS, whighrare part of the sequence of events that lead to HAZARDOUS SITUATIONS
leading to HARMTFhe MANUFACTURER should consider a wide range of possible USE ERRORS.

UsE ERRORS differ from component failures in that it is typically more difficult to estimatg with

accurpcy the probability of a USE ERROR occurring. Because of the difficulty of determinipg the
probamrmmmm—mrmmw—cj‘n the

SEVERITY of the potential HARM rather than on the RISk derived from the combination of
SEVERITY and USE ERROR probability.

In the development of a MEDICAL DEVICE, the MANUFACTURER should consider potential USE
ERRORS such as:

a) performing an incorrect action (i.e. an error of commission); and
b) incorrectly omitting a necessary action (i.e. an error of omission).

When designing a MEDICAL DEVICE, a MANUFACTURER should consider the factors that might
induce USE ERROR, such as the following:

c) environmental distractions;
d) excessive workload;
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e) fatigue;

f) inattention;

g) insufficient experience with the type of MEDICAL DEVICE;
h) insufficient training;

i) lack of familiarity with terminology;

j) lack of fluency in the language used by the MEDICAL DEVICE and associated learning tools
(e.g. ACCOMPANYING DOCUMENTATION);

k) USER impairments (e.g. vision, hearing, body movement, cognition);
) mi lication of experien ing other existing MEDICAL DEVICES (i.e. tive transfer of

m) ovlerconfidence in one's capabilities;
n) organisational hierarchy (due to policies, internal relationships or external requirements);
o) wgrking at a fast pace; and
p) TASK interruptions.

Additipnal information is contained IEC 62366-1:2015, Annex A rationale to 3.21, regarding
the cquses of USE ERROR.

6.5.2 RISK CONTROL

To redluce use-related RISK, a SAFETY principle is that on€ or more of the following optiofis are
used |n the priority listed (as required by ISO 14971:2007, 6.2):
a) inherent SAFETY by design;

b) prptective measures in the MEDICAL DEVICE.iiself or in the manufacturing PROCESS; and
c) information for SAFETY.
Inherent SAFETY by design is the first eption, because it is most likely to effectively reduge the

RISK qr even remove it. The best wayito prevent a USE ERROR and the possible resulting|HARM
is to gliminate a HAZARDOUS SITUATION altogether.

Anothler way to design a MEDICAL DEVICE is with built-in protections against USE ERRORS.

EXAMRLES Physical guards)over a critical control, an interlock preventing accidental control actions, rgquiring
USERS [o confirm critical actions.

Prote¢tive measures in the MEDICAL DEVICE itself or in the manufacturing PROCESS afe the
second option. )SSuch measures can fail in some situations or rely on the ability of a Human
being|to react in order for them to be effective.

NOTE A person can fajl to react for a number of reasons

Protective measures however are often used, also as a supplement to design RISK CONTROL
measures that by themselves cannot reduce the RISK to an acceptable level. Examples are
listed in IEC 62366-1:2015, Table B.2.

The last option is information for SAFETY. The reason it is listed last is because in order for
information for SAFETY to be effective, it depends on the following.

a) The opportunity for the USER to gain access to the information. This is sometimes difficult
(e.g. when a paper instructions for use has been separated from the MEDICAL DEVICE or a
training session is needed, but not carried out).

b) The ability of the USER to learn from the information. Even if the information for SAFETY
has been demonstrated to be perceivable, be understandable and to support CORRECT USE,
it might not always obtain the same level of EFFECTIVENESS as a RISK CONTROL measure by
design.
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c) The ability of the USER to recall the information for SAFETY.

However, information for SAFETY can be needed and appropriate, both for RISKS that otherwise
would be unacceptable, as well as for RISKS that while acceptable are still likely to cause
events that USERS therefore should be warned against.

NOTE 2 The generic term ‘warning’ can refer to one of several specific indications that utilize the signal words
danger, warning, caution and notice.

In addition, information for SAFETY is not always a warning, but can be instructions in CORRECT
USE of the MEDICAL DEVICE (i.e. not a warning or precaution) and this can be an effective RISK
CONTROL measure.

Infornlation for SAFETY can also be required by product standards and other“solrces.
Additipnal information is found in 6.5.3.

The 4AFETY principle of the three options of RISK CONTROL applies both tOCMEDICAL QEVICE
failurgs and to USER INTERFACE to prevent USE ERRORS. A design changejoutside the| USER
INTERFACE to reduce USE ERROR should be applied before a protective-measure in the| USER
INTERFACE. As an example in the design of a MEDICAL DEVICE, where“a_USE ERROR of toyching
a live| wire could be hazardous, the MANUFACTURER should apply”SAFETY by design (elg. by
chanding line voltage to battery cells), before introducing a protective measure (e.g. by|using
a rempvable hood covering the power supply).

Inhergnt SAFETY (i.e. a redesign in the USER INTERFACE)should be applied before introqucing
prote¢tive measures (e.g. an ALARM SYSTEM), which\again should come before introqucing
more jnformation for SAFETY.

When| choosing whether to apply more than ane option, the MANUFACTURER should not only
evaluate whether the RISK is acceptable, but also estimate whether the option can further
reduce the RISK, acceptable or not. For example, an additional warning against an unlikely
event[might not be effective, whereas d-warning against a likely although acceptable RISK, can
better support USER needs and should therefore be implemented.

The MANUFACTURER should use 'USABILITY ENGINEERING to assess the adequacy of RISK
CONTROL measures implemefted in the USER INTERFACE, including information for SAFETY (as
requined by ISO 14971). The USABILITY ENGINEERING PROCESS should also be uspd to
invesfigate new RISKSSarising from RISK CONTROL measures implemented in the | USER
INTERFACE (as required/by ISO 14971). In order to assess the adequacy of RISK CONTROL
measyres, several techniques capable of identifying possible USE ERROR can be applied
ranging from heuristic analysis to USABILITY TESTING. Clause E.11 contains addjtional
considlerations~on using heuristic analysis.

Information/for SAFETY and overall RESIDUAL RISKS weighed against benefit is descrihed in
ISO/TR\24971:2013, Clause 5. [3]

6.5.3 Information for SAFETY

Information for SAFETY, including instructions for use and other ACCOMPANYING DOCUMENTATION
is considered part of the USER INTERFACE. Information for SAFETY should be considered from
the start and subjected to the same USABILITY ENGINEERING PROCESS. Information for SAFETY
should also be an input to development of training material.

Proving that information for SAFETY is effective is an important activity. MANUFACTURERS
should use iterative FORMATIVE EVALUATION during the course of developing information for
SAFETY and conclude the PROCESS by SUMMATIVE EVALUATION of information for SAFETY. The
MANUFACTURER determines that this information is effective, meaning it is:

a) perceivable by the USER,;
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b) understandable to the USER;

c) su

pports CORRECT USE of the MEDICAL DEVICE; and

by the intended USER in the intended USE ENVIRONMENT.

This considers both text (cf. general and health literacy) as well as symbols, icons, and
images (cf. visual literacy, cultural differences in image perception).

Traditionally, information for SAFETY takes the physical form of a printed document or is
provided as markings upon the MEDICAL DEVICE. However, computer-based MEDICAL DEVICES
(e.g. PATIENT monitor, ventilator, dialysis machine, infusion pump) can present information for

SAFE

glucose meter) are delivered with the expectation that at least some USERS access infarr
for SAFETY using supplemental tools, such as a DVD player or computer connected
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in an electronic format. In addition, some MEDICAL DEVICES (e.g. nebulizer, pen-in

t. Refer to 15.5 for more details on how to design information for SAFETY and
g material.

developing information for SAFETY, it is important to identify to whom this informa
provided and how it is to be provided. The MANUFACTURER should provide an expla
RISK, the consequences of exposure to the HAZARD and what‘should be done or ay
vent HARM. By identifying the RISK and the consequences(of exposure and by pro
nstructions to the USERS, which would enable them to.ayeid the HAZARDOUS SITU
elihood of the USERS being exposed to that HAZARD can.be decreased.

bles for information for SAFETY that can reduce thie likelihood of USE ERROR are:

LE 1 WARNING: To avoid the RISK of electrical shock.always unplug this device from mains power
g it.

LE 2 WARNING: Do not reuse this device or-any of its components. Multiple uses can lead to
Ction or cross-contamination of the PATIENT.

the standard recognizes that well-designed information for SAFETY can redug
pod of USE ERROR, it is usually’less effective at reducing RISK than a design me
ome USERS might not understand the information for SAFETY or printed information
parated from the MEDIGAL.DEVICE) and MANUFACTURERS, when practicable, should
g information for SAFETY the primary means of preventing USE ERROR. Informati
Y does not always succeed in reducing the likelihood of USE ERROR. There arg
in which it can be necessary to instruct the USER how to manage an excef
on (e.g. an emergency or unusual situation).

ample of-explaining a SAFETY feature of a MEDICAL DEVICE:

LE,3._The yellow light on top of the C-Arm housing is flashing and the display flashes the yellow i
nwarning sign while the C-arm emits radiation.
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An example of information for SAFETY instructing the USER in managing an exceptional

situati

on:

EXAMPLE 4 In case of an emergency evacuation, do the following five steps (in the order listed) before
the PATIENT:

1) Unplug the MEDICAL DEVICE and store the cable.

AW N

Lif

(¢,

Move the bed surface to the lowest level possible by pushing the mechanical release button.

t-up the side-rail left and right of the bedside.

)
) Monitor the PATIENT during movement of the bed surface.
)
)

Unlock casters and transport PATIENT out of the room.

moving

Despite all efforts the MANUFACTURER might have undertaken to reduce the MEDICAL DEVICE’S
RISKS as low as reasonably practicable, there can be still RISKS that cannot be further reduced
and remain as the RESIDUAL RISKS. These RISKS are often inherent to the operating principle
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and cannot be reduced by any other RISK CONTROL. Information for SAFETY can be used to
inform the USER about the existence of such RESIDUAL RISKS.

As with other information for SAFETY, the disclosure of RESIDUAL RISK can be given in various
forms such as a written information in the ACCOMPANYING DOCUMENTATION, as a warning label
attached to a MEDICAL DEVICE or as a SAFETY message on a display of a USER INTERFACE.

Examples of disclosure of RESIDUAL RISKS (the following examples assume that the RiIsSK
described cannot be further reduced by any other RISK CONTROL):

EXAMPLE 5 Do not step on surface, enclosure will break.

EXAMRLE 6 Do not remove cover, RISK of electric shock.

EXAMRLE 7 Serum samples containing more than 60 mg/dl haemoglobin interfere with the test pfinciple, {hereby
limiting| the EFFECTIVENESS of the diagnostic result.

EXAMRLE 8 Hot surface (>80 °C), do not touch.

EXAMRLE 9 This X-ray MEDICAL DEVICE emits stray radiation as shown in the following.radiation scatter dfagram.
While gperating this MEDICAL DEVICE use x-ray protective clothing and avoid staying elose’to the medical devjce.

Onling help is yet another common form of information SAFETY,~Online help might simply be
an elgctronic manifestation of the printed USER manual, or if,might be specially tailofed to
optim|ze communication via a computer USER INTERFACE in ‘place of a physical docyment.
Moregver, it can take full advantage of the electronic form(by presenting some content [in the
form ¢f animations, video, and spoken instructions.

Depending on their characteristics and expected use, information for SAFETY could takel more
forms|such as checklists, posters, and package ‘inserts. Training materials that are subject to
chande over time are not considered to be information for SAFETY if their use is restricted to
training sessions but are not expected to be used in the context of actual MEDICAL DEVICH use.

Information for SAFETY can exist in a single place (e.g. USER manual) or duplicative forms that
consigler the use model. For example, content can be provided both in a concise forn| (e.g.
quick [reference guide) used at a‘point-of-care as well as in a more comprehensive forn} (e.g.
USER manual) used away fromthe point-of-care (e.g. nurses station, biomedical departmgnt).

When| considering the design and evaluation of information for SAFETY, there might nof be a
clear [distinction betwéen what many people would consider to be classic USER INTERFACE
elemgnts (e.g. parametric displays, menus) versus information for SAFETY (instructionps for
use). Ultimately, it.can be difficult and unproductive to differentiate sharply between:

a) online help;)and
b) a USER selectable option to read instructions in the course of performing a TASK.

SUMMATIVE

Im ort anth, baoth ~amaneion o Mo ey r’o Ay
portarihy—both-compriseaMEDCAL DEVICES6

EVALUATION. Additional information is found in Clause 17.

6.5.4 Overall evaluation of RESIDUAL RISK

The subsequent overall evaluation of RESIDUAL RISK, which is required according to
IEC 62366-1:2015, 5.9 and ISO 14971:2007, is only possible when considering the entire set
of RISKS associated with the MEDICAL DEVICE. These include RISKS caused by MEDICAL DEVICE
failures as well as those caused by USE ERROR.

6.6 USABILITY ENGINEERING FILE

MANUFACTURERS should store RECORDS of USABILITY ENGINEERING activities to establish a
USABILITY ENGINEERING FILE. The information acquired throughout the USABILITY ENGINEERING
PROCESS serves as indispensable resource and inputs for many subsequent development
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activities. Having those RECORDS easily available can be of great benefit for the development
team. Annex D summarizes the major end product RECORDS created during the USABILITY
ENGINEERING PROCESS.

The RECORDS created by conducting the USABILITY ENGINEERING PROCESS also provide
OBJECTIVE EVIDENCE for the activities required by IEC 62366-1 and are necessary to
demonstrate compliance to that standard.

USABILITY ENGINEERING RECORDS can include written documents but also photographs and
video material that might be collected, for example, while interacting with prospective USERS
during USER interviews, field observations, or USABILITY TESTS.

In fact, the USABILITY ENGINEERING PROCESS has close relationships to other PROCESSEY such
as the product realization PROCESS (as described in 1ISO 13485 [9]) or the RISK MANAGEMENT
PROCESS. Results of the USABILITY ENGINEERING activities directly feed into those "PROCESSES
and sjupplement their RECORDS. It can be practical to integrate RECORDS from the USABILITY
ENGINEERING PROCESS into documents or files of those other PROCESSES{Ofor example the
followjing.

a) The USER INTERFACE SPECIFICATION can form part of the producfsSpecification of the qverall
product realization PROCESS.

b) For a software USER INTERFACE, the USER INTERFACE SRECIFICATION can be part ¢of the
sdftware requirements specification required by a software development PROCESS.

c) The USABILITY EVALUATION PLAN can form part of the<verification and validation plan pf the
oVerall product realization PROCESS.

d) The analysis of known use problems and the analysis of foreseeable USE ERRORS can be
pdrt of the RISK MANAGEMENT FILE.

6.7 |Tailoring the USABILITY ENGINEERING effort

It is important to tailor the USABILITY ENGINEERING project to suit a particular MEDICAL QEVICE
develppment effort. Some MEDICAL DEVICES pose little RISK created by USABILITY proplems
while | others could present an unacceptable RISK unless the HAZARDS are prospegtively
identified and their causes controlled. For this reason, and as mentioned earlier in this report,
a USABILITY ENGINEERING project'might span just weeks on one extreme and years on the|other
extreme.

Note fhat a MEDICAL PEVICE with more functions (e.g. haemodialysis equipment, MRI sganner
or anpesthesia waorkstation) might warrant a more extensive USABILITY ENGINEERING project
than | a functionally simpler MEDICAL DEVICE (e.g. lancing device, nebulizgr or
sphygmomanenjyeter). However, a simpler MEDICAL DEVICE might pose greater [RISKS
assogjated with’ USABILITY and call for much more USABILITY ENGINEERING work to contrpl the
RISKS| The probability of occurrence of encountering a HAZARD, which is one compongnt of
RISK, |cansbe very difficult to estimate, especially for a novel MEDICAL DEVICE for which no
POST-PROUDUCTION Uata are avaitabteT frerefore; the SEVERTTY of the potentiat ARV associated
with the use of a MEDICAL DEVICE, prior to RISK CONTROL, should be the principal consideration
when tailoring a USABILITY ENGINEERING project.

Another tailoring consideration is when the development effort modifies an existing USER
INTERFACE, which suggests a smaller-scale USABILITY ENGINEERING effort focused on the
changed elements of the USER INTERFACE and their effects on the use of the MEDICAL DEVICE.
The unchanged elements of the USER INTERFACE might not need additional USABILITY
ENGINEERING effort. If the modifications do not affect the USER INTERFACE and the USE
SPECIFICATION is unchanged, no additional USABILITY ENGINEERING effort can be needed.
Another tailoring situation might arise when modifications are made to an existing USER
INTERFACE for which USABILITY ENGINEERING RECORDS according to a previous USABILITY
standard (i.e. IEC 62366 or references [11] and [12]) are available.
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Accordingly, a MEDICAL DEVICE-specific USABILITY ENGINEERING project might describe activities
spanning weeks, months, or even years. Initial USER research efforts and subsequent
USABILITY TEST efforts might be limited (e.g. involve less than 10 participants) or more
extensive (e.g. involve 50 or many more people). The resulting USER INTERFACE design might
have many hardware and software elements, or just a few, and USERS might rely primarily on
a comprehensive ACCOMPANYING DOCUMENTATION, a simpler instruction sheet or intuition alone.

USABILITY ENGINEERING activities that can be tailored include the following.

a) Background USER research — the extent of USER research needed to develop an
appropriate and comprehensive set of USER needs. For example, it might or might not be
necessary to conduct USER research in all of the intended markets (e.g. multiple countries).

b) US$ER INTERFACE design — the number of USER INTERFACE design iterations neceSsary to
cdnverge on an optimal solution. In some cases, a development team might settld on a
single design after a few design iterations. In other cases, the nature of‘the MEDICAL
DHVICE in development might warrant many more design iterations to progress effegtively
from multiple concepts to a small number of preliminary designs to a single refined design
and, finally, to a final design.

EYAMPLE 1 For less complex products (e.g. a bedpan), the development team”might settle on the final
dekign after few iterations. For more complex products (e.g. a dialysis machine),"the development progresses
frgm multiple concepts of each module of the MEDICAL DEVICE through an iterative PROCESS of many cycles to
gef to the final design of the MEDICAL DEVICE.

c) FORMATIVE EVALUATION — the quantity and complexity of FORMATIVE EVALUATIONS performed
injJadvance of the SUMMATIVE EVALUATION and the quantity: of participants included in|those
tepts.

THe need to assess multiple design options @nd resolve persisting USER interfaction
prpblems might lead a development team to conduct several FORMATIVE EVALUATIQNS of
varying focus and formality.

EYAMPLE 2 A MANUFACTURER established a project plan calling for at least two FORMATIVE EVALUATIONS prior
to the SUMMATIVE EVALUATION during a development PROCESS.

EXAMPLE 3 A MANUFACTURER decided-hot to perform any FORMATIVE EVALUATION because thg USER
INTERFACE had already undergone SUMMATIVE EVALUATION, and the only change was to add a new (but very
similar) intended USER GROUP.

NQTE Good USABILITY ENGINEERING practice suggests conducting at least one FORMATIVE EVALUATION| ahead
of [a SUMMATIVE EVALUATION.

d) SUMMATIVE EVALUATION- the quantity and complexity of SUMMATIVE EVALUATIONS perfoprmed
and the quantity of participants included in those tests. In some cases, a single USABILITY
THST with a single USER GROUP could serve to assess all the HAZARD-RELATED USE
SQENARIOS relevant for all the intended USERS. In other cases, multiple USABILITY TEST

sgssions might be required to assess all the HAZARD-RELATED USE SCENARIOS, or diIerent

sgts of HAZARD-RELATED USE SCENARIOS could be assessed in sessions held with egch of

the USER GROUPS that has distinct responsibilities relative to the MEDICAL DEVICH (e.g.

ingtallation, clinical use or maintenance). If the results of the SUMMATIVE EVALUATION

indicate that elements of the USER INTEREACE rpqnirp madification to reduce the RI$KS to
acceptable levels, additional SUMMATIVE EVALUATIONS could be performed to assess only
those USER interactions and portions of the USER INTERFACE affected by the modifications.

Good USABILITY ENGINEERING practice considers the RISK and complexity of USER INTERFACE
for determining how many SUMMATIVE EVALUATIONS (if any) should be performed. Additional
information is found in Clause 12.

7 Overview of the USABILITY ENGINEERING PROCESS

USABILITY ENGINEERING PROCESS activities should be aligned with other development activities.
Similar to other kinds of projects, such as those developed to ensure manufacturing quality or
MEDICAL DEVICE reliability, USABILITY ENGINEERING PROCESS activities are normally described in
a detailed plan. The plan can either be a separate plan or be integrated into the overall
development plan. Additional information is found in 6.2.
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Figure 1 illustrates an example of a USABILITY ENGINEERING project. The example describes a
plan for the development of a graphical USER INTERFACE. It demonstrates how the different
methods described in this technical report can be used to support the USER INTERFACE
development. To help understand how the methods mentioned in this exemplary USABILITY
ENGINEERING project relate to the subsequent Clauses of this report, the corresponding clause
headings are designated in the respective phases. These corresponding Clauses 8 to 18
provide detailed guidance on the implementation of a USABILITY ENGINEERING project.
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NOTE An explanation of PCA analyses is found in Clause E.15.

Figure 1 — Example of a USABILITY ENGINEERING project for a graphical USER INTERFACE
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xample project is laid out in four phases:

a) USER research;

b) analysis;

c) design and FORMATIVE EVALUATION; and

d) SUMMATIVE EVALUATION.

The implementation phase in this example is planned to have three iterations. However, the
example also acknowledges that additional iterations might be necessary in case the
FORMATIVE EVALUATION results from previous iterations are not satisfactory.

Detailed descriptions of the methods mentioned in the example can be found in Aanex E.
IEC 6R366-1:2015, 4.1.1, permits the methods and techniques as well as the sequer
activities and phases to vary between individual USER INTERFACE development projects.

Actual USABILITY ENGINEERING projects, which are expected to vary widely linyscale, can

differ
iterati
ensur
desig

8 P

8.1

nt phases, a more or less stringent linear structure, involve more or less d
pn, and call for different prototyping approaches, while fulfilling ‘the same basic ¢
ng the comprehensive application of USABILITY ENGINEERING~in the MEDICAL O
N PROCESS.

repare the USE SPECIFICATION

Initiate USE SPECIFICATION

The MEDICAL DEVICE USE SPECIFICATION is the oundation for defining the USER INTE

SPECI
desig

FICATION. The elements of the USE SPEGIFICATION are fundamental for specifyin
Ning a MEDICAL DEVICE and its USER INTERFACE. These elements aid in identifyin

known and foreseeable HAZARDS and HAZARDOUS SITUATIONS related to the USER INTER

Unde
plan.

standing these elements is necesSary to develop an adequate USABILITY EVALY
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information necessary to -hélp planning and conducting USER research activities
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a comprehensive and detailed RECORD, the preliminary USE SPECIFICATION is ofteq very

ent of

identity the USE ENVIRONMENT wWhich 1S going to be Iinspected; or

identify the medical indications which are needed to be further explored.

The USE SPECIFICATION is refined over time while more knowledge is gained through USER
research. While the USER research phase progresses, the level of detail and accuracy of the
USE SPECIFICATION increases. New USER GROUPS might be discovered during the USER
research. If so, these USER GROUPS would be added to the USE SPECIFICATION and they can

trigge

r new USER research activities.
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8.2 Analyse the intended USERS, anticipated USER TASKS and intended USE
ENVIRONMENTS

8.2.1 Intended USERS

An optimal USER INTERFACE is one that meets USERS’ needs. USABILITY ENGINEERING-related
USER research is essential to develop safe, usable, and satisfying MEDICAL DEVICES. Therefore,
MANUFACTURERS should learn as much as practical about a MEDICAL DEVICE’S prospective
USERS by applying research methods that complement a MANUFACTURER'S market research
efforts. The information collected from applying these research methods is typically used to
help refine the preliminary USE SPECIFICATION.

Recod;nizing that there are important differences between USABILITY ENGINEERING and;-market
reseafch focussing on a broader range of MEDICAL DEVICE development\igsues,
MANUFACTURERS should also conduct USER research with a USABILITY ENGINEERING(fOcuUS.

When| USER research includes information that might be subject to data security or privacy
rules |or regulations these rules have to be considered and followed. AnyEthics Committee
review and informed consent could also be required. Annex F contains @dditional information.

USER$ can include:

a) laypersons (e.g. PATIENTS, lay caregivers or lay first responders);

b) pHysicians;

c) nurses;

d) te¢hnicians (e.g. radiological, IVD laboratory, dialysis, reprocessing);
e) therapists;

f) pHarmacists; and

g) emergency response personnel (EMTs,\paramedics, medics).

USER$ who might not be considered the primary USERS can also include:

a) agsemblers;

b) ingtallers;

c) trginers;

d) trgnsporters;

e) bipmedical/clinicalengineers;

f) maintenance€ personnel;

g) repair personnel;

h) regyelers (e.g. decommissioning or preparing for end-of-service life handling);

i st brila nracaoccina narcannal: and
cTHre—proceosotmt gPrersoreT—arta

j) administrative personnel.

After defining the intended USERS, the MANUFACTURER should document their common
characteristics in the form of USER PROFILES.

A USER PROFILE typically describes the characteristics of a single distinct USER GROUP, such as
nurses. A USER PROFILE could describe the following group member characteristics:

a) occupation;

b) demographics (e.g. age, education, socioeconomic status, ethnicity, cultural background);

c) knowledge and skills (including education, experience level, language, literacy and health
literacy);

d) limitations, perhaps due to vision, hearing, cognitive, dexterity and mobility impairments;
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e) performance-shaping factors (e.g. learning style, preferences and tendencies); and
f) work responsibilities (e.g. TASKS pertinent to the MEDICAL DEVICE in development).

A related concept to a USER PROFILE is called a persona. A persona describes a fictitious USER.
It can cover the same general topics as a USER PROFILE, adjusted to describe an individual
rather than a group of individuals. As such, it can describe an individual’s idiosyncrasies when
a USER PROFILE would not. Both USER PROFILES and personas can describe USERS who are
expected to have a primary, secondary or supplemental roles with a MEDICAL DEVICE. Distinct
USER GROUPS can be derived from either concept.

USER GROUPS can be defined if USERS share characteristics (mental, physical and
demographic traits) iikely 1o Influence USABILITY. USER PROFILES are USed to summarize
charagteristics of USER GROUPS. Examples include the following.

a) Age: Sample categories include child (> 2 years to 12 years of age), adolescent|(> 12
ydars to 21 years of age), adult (> 21 years of age). In some casesy it might be
appropriate to establish one or more "senior" categories for people over’a selected age
threshold (e.g. 65, 70, 75, 80, 85).

NQTE There can be differing levels of decline in cognition, perception, etc., as’people age.

b) Ocg¢cupation: Sample categories include physician, nurse, therapist, technician, PA[IENT,
ingtaller, and maintainer.

c) Prjor experience using similar MEDICAL DEVICES: Sample" categories include new|USER
(trpinee), inexperienced USER (< 6 months), and experienced USER (> 6 months). Nofe that
the experience thresholds vary depending on the typ€.of MEDICAL DEVICE in use.

d) Lgvel of training: Sample categories are (1) trained to use the given MEDICAL DEVICE, and
(2) not trained to use the given MEDICAL DEVICE:

e) Education:
— | categories based on educational level;
— | general literacy or reading level;.and
— | health literacy.

The WANUFACTURER might also(segregate USERS based on special training, such gs the
advarjced cardiac lifesaving training provided to critical care nurses or paramedics.

Additipnal or alternative.sorting criteria include native (i.e. first) language, disability type, type
of prafessional practice“and USE ENVIRONMENT. Establishing a manageable number of djstinct
USER ROUPS callstfor'establishing primary USER and secondary USER differentiation factors.

Thereg| is no rule regarding the optimal length of USER PROFILES, but they usually range from a
few ppragraphs to a couple of pages in length. Annex G provides additional informatipn on
USER PROFILES.

The SUMMATIVE EVALUATIONS of MEDICAL DEVICE can include one or more distinct USER GROUPS.
The need to separate the USER population into more specific, distinct USER GROUPS is situation
dependent. For example, an insulin pen injector might have six distinct USER GROUPS:
caregivers (e.g. parents of young children), adolescents, adults, seniors, diabetes educators
(who teach PATIENTS to use insulin pens), and pharmacists (who dispense insulin pens and
need to recognize one type from another). Secondary differentiation characteristics might be
disease-related impairments, such as low visual acuity, hearing loss, mild cognitive
impairment, and poor manual dexterity (due to arthritis or fingertip neuropathies). This USER
population profile suggests that each distinct USER GROUP should include individuals
comprising a good cross section of the secondary characteristics common to the people within
that group. For example, a group of older individuals might include males and females, some
of whom have particular impairments. Similarly, healthcare professionals can need to be
separated into more specific, distinct USER GROUPS.
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8.2.2 Anticipated USER TASKS

At the early stage of MEDICAL DEVICE development before there is a design per se, it can help
to define anticipated USER TASKS. A TASK list can be developed by examining comparable and
predecessor MEDICAL DEVICES. A list can also be extrapolated from functional requirements
and various types of creative exercise. The goal is to develop a general sense for how USERS
might interact with the MEDICAL DEVICE. Subsequent analyses can serve to refine the TASK list.
E.19 and 9.2 provide additional information on TASK ANALYSIS.

8.2.3 Intended USE ENVIRONMENT

The MANUFACTURER sh . f MEDICAL
DEVICES are used in hospitals, clinics, physician's offices, and PATIENT'S homes. Howeyvelr, it is
important to consider alternative use locations (e.g. inside an ambulance, outdoor tocations
such [as a campground), particularly when developing portable MEDICAL DEVICES:” Anhex H
provides additional information regarding USE ENVIRONMENTS.

For example, some environments (e.g. critical care settings) are busy workplaces that|might
be filled with noisy equipment and people holding loud conversations, while other| work
envirgnments (e.g. a treatment room in a physician's office) might have a low level of activity
and Bbe relatively quiet. Additional environmental conditions to™“consider include i
vibrat|on, temperature, humidity, precipitation, other equipment, and architectural features
(e.g. dloor widths and heights). For example, an air ambulancemight require USERS to o
a portable ventilator in a dimly lit and cramped workspace ipiwhich there is considerable[noise
and v|bration.

USE ENVIRONMENT descriptions should describe:

a) physical environment (e.g. gloves, eye protection, heavy clothing);
b) lighting;

c) sdund (ambient and intermittent);

d) pgrsonnel;

e) prpfessional and social interactions, responsibilities and local or national variatigns of
wa@rk organisation;

f) additional equipment (other items and equipment present in the room besides the fogus of
the USABILITY project);

g) fugnishings (chairs,.cabinets, etc. that are also in the environment and can result in [|mited
splacing or potential obstacles);

h) c
i) di

imate (e.g{temperature, humidity); and

btractions-(e.g. telephone calls, calls for help).

Meetinglwith prospective MEDICAL DEVICE USERS during the MEDICAL DEVICE development

S { ‘s i i d | h t th S but | h t th
PROCES presehts—opportuhiies—o—eari—abotH—those—USERS—BHH—a1So0—aboti—th USE

ENVIRONMENT and how it might affect USERS’ interactions with the MEDICAL DEVICE.

8.3 Finalize the USE SPECIFICATION

The USE SPECIFICATION should be developed based on the results gained through USER
research activities. The analysis activities can be performed iteratively and in any convenient
order; care should however be taken to address the interdependencies of the elements. For
example, adding or removing a USER PROFILE also can influence the relevant TASKS and USE
ENVIRONMENTS. |IEC 62366-1:2015 requires the USE SPECIFICATION to contain at least the
following:

a) intended medical indication;

EXAMPLE 1 Conditions(s) or disease(s) to be screened, monitored, treated, diagnosed, or prevented.

b) intended PATIENT population;
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E

XAMPLE 2 Age group, weight range, health, or condition.

c) intended part of the body or type of tissue applied to or interacted with;

E

XAMPLE 3 Finger, sublingual, subcutaneous or interarterial.

d) intended USER PROFILES;

E

XAMPLE 4 Nurse, doctor, geriatric lay USER, service personnel or cleaning technician.

e) intended USE ENVIRONMENT; and

E

XAMPLE 5 Environment including hygienic requirements, frequency of use, location or mobility

f) operating principle.

N

The

ENGINEERING activities:

a) anticipated TASks of USERS in the operation of the MEDICAL DEVICE; and
b) the set of USER needs derived from the anticipated TASKS.

Much

The USE SPECIFICATION is used as one input for the USERINTERFACE SPECIFICATION.

NOTE 2 The summary of the MEDICAL DEVICE USE SPECIRICATION is referred to by some authorities
jurisdidtion as the ‘statement of INTENDED USE’.

8.4
8.4.1

QTE 1 The rationale to 5.1 of IEC 62366-1:2015 contains additional information.

following additional information can be helpful to support subsequeft -UsA

Recommended methods for developing the USE SPECIFICATION

General

BILITY

or all of the USE SPECIFICATION is likely to be input to desigh.and development. As the
USER |NTERFACE development PROCESS proceeds, the USE SPECIFICATION should be rey|
and updated as needed.

ewed

having

Subclpuses 8.4.2 to 8.4.6 describe the USABILITY ENGINEERING methods that are availaple to
enharjce and finalize the USE SRECIFICATION. Additional material on USER research mgthods

can bge found in reference [13].

8.4.2 Contextual inquiry-and observation

Cont

USERSY

gxtual inquiriesare a common and effective way to learn about prospective or

actual

, the USER’S\TASKS, and the USE ENVIRONMENT. A contextual inquiry is an intgrview

techn|que, which\is conducted in the USER’S actual workplace. The researcher obgerves

USERY, while they are performing their TASKS and discusses with them what they do and

The

rTethod is typically used in the early stages of the development PROCESS (often wit

why.

in the

reseafch*phase) and helps to gain a thorough understanding about the USER’S work prgctice,
TASKS, tools, and the context of use, related to the MEDICAL DEVICE that is planned to be
developed.

Clause E.5 contains additional considerations on using contextual inquires and observations.

8.4.3 Interview and survey techniques

In contrast to contextual inquiries, interviews and surveys can be conducted at any place and
are not necessarily bound to the USER’S workplace. They help to gain insight into the USER’S
knowledge, perceptions or opinions. Interviews can be used as a stand-alone method or to
supplement other methods (e.g. contextual inquiries or USABILITY TESTS) by following up on the
observations made during the prior session.
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Since interviews can be conducted at any place or even over a phone line they are often less
expensive compared to contextual inquires and can target a larger group of respondents, but
often the resulting data is also less rich.

Interviews can be conducted in a one-on-one manner or as group interviews. A very large
group of USERS or stakeholders can be approached by conducting surveys. When surveys are
conducted in written form, the resulting data is often less rich than the data gathered through
interviews.

Clauses E.9, E.13 and E.18 contain additional considerations on using interview and survey
techniques.

8.4.4 Expert reviews

While| preparing the use specification, expert reviews can be a rapid meansto.'identify the
strengths and weaknesses (i.e. opportunities for improvement) of a comparable | USER
INTERFACE. Such reviews can take various forms ranging in formality from arCexpert examining
a MEDICAL DEVICE and citing its strength and weaknesses in a brief memorandum to engaging
several experts to review independently the MEDICAL DEVICE, identify_pétential improvements,
priorifjize the improvements, and then report their consensus findings: The latter approach is
often fermed a heuristic analysis (see Clause E.11).

Expent review can be conducted at various stages of MEDIEAL DEVICE development, fogusing
on inifial design concepts, preliminary designs, and near-final designs.

8.4.5 Advisory panel reviews

In some cases — particularly when conducting a leng-term and critical development projgct — a
MANUFACTURER can choose to convene an adyisory panel. An advisory panel typically ingludes
6 to 12 people who have diverse perspectives on the MEDICAL DEVICE in development. During
an adgvisory panel review, the panel -members discuss design considerations with the
develppment team and can provide adviCe on design options. Through continual interaftions
with the development team along the€ydevelopment PROCESS the advisory panel membefs are
expoded to various development stages of the MEDICAL DEVICE and have the opportunity to
gain @n understanding for design limitations and trade-offs. This can have advantages and
disadyantages for optimizing\the MEDICAL DEVICE’S USABILITY.

Clausg E.2 contains additional considerations on using advisory panel reviews.

8.4.6 USABILITY.TESTS

For tHe MANUFACTURER it can be valuable to perform USABILITY TESTS on comparable MEDICAL
DEVICES that.are available on the market. The FORMATIVE EVALUATION USABILITY TEST method
(Clau$e{16) can be used. The USABILITY TESTS can identify the strengths and weaknesses of
comp hrable MEDICAL DEVICES and can pmvidp an undprqfanding of the mental model USERS

have of the use of the comparable MEDICAL DEVICES.

9 Identify USER INTERFACE characteristics related to SAFETY and potential USE
ERRORS

9.1 General

Subclause 5.2 of I[EC 62366-1:2015 requires that the MANUFACTURER identify those
characteristics of the USER INTERFACE that could affect SAFETY. Consideration of these
characteristics is an essential step, together with the USE SPECIFICATION, in identifying
potential USE ERRORS. ldentification of potential USE ERRORS should be done iteratively and
can be updated in the course of creating the USER INTERFACE.
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Possible ways of identifying USER INTERFACE characteristics related to SAFETY and potential
USE ERRORS are techniques described in this clause. Factors that should be considered are
USER INTERFACE design features that can contribute to USE ERROR.

9.2 TASK ANALYSIS

TASK ANALYSIS is a set of systematic methods that produce detailed descriptions of the
sequential and simultaneous manual and intellectual activities of personnel who are operating,
maintaining, or controlling devices or systems. Similar to FUNCTION ANALYSIS, there are many
ways to perform a TASK ANALYSIS, and so less experienced analysts are advised to review the
literature on the topic. Typically, the MANUFACTURER with a relatively high-level TASK (e.g.
prepare_the DEVICE ta deliver a treatment) and then defines the sub-TASKS invaolved A single
sub-TASK might involve a sequence of steps such as acquiring information from a display (e.g.
readinng a parameter value on a display), processing the information (e.g. performing a mental
calculiation), making a decision, formulating an action plan, taking action (e.d.|pressing a
button), and acquiring feedback (e.g. hearing an electronically generated click' and obsg¢rving
a disglay change). To define the scope for a TASK ANALYSIS, the intention of-the USER fon each
TASK $hould be in focus. To further use TASK ANALYSIS for assessment of petential USE ERROR,
condifions of use as defined in the USE SPECIFICATION and in RISK MANAGEMENT PROCES$ play
an important role. Clause E.19 contains additional considerations om using TASK ANALY$IS as
well als references [14] and [15].

TASK ANALYSES are particularly challenging when designing a‘new MEDICAL DEVICE for which
there |is no similar model, but are made possible by making educated assumptions.| TASK
ANALY[SIS results can take a narrative, tabular, or flowchart form, the latter two being| most
common. Sometimes, the TASK ANALYSIS also definés) the flow of USER perceptions| (e.g.
hearing an ALARM SIGNAL, reading text on a screen, feeling a button click), cognitive steps (e.g.
recalling information, performing mental calculations, applying rules to reach a decision)), and
actiorls (e.g. selecting a menu option, pressing.a“button, adding fluid to a reservoir). Such an
analysis is referred to as a PCA (perception,xcognition, action) analysis. Clause E.15 coptains
additipnal considerations on using PCA analysis.

MANUFACTURERS should pay close attention to TASksS that have the potential to exceed USERS’
capalfilities and hinder the given MEDICAL DEVICE’S USABILITY or cause an unacceptablg RISK.
TAskq that appear to be vulnerable to performance problems (e.g. USE ERRORS) indicafe the
need o reassess whether ornet MEDICAL DEVICE functions have been appropriately asgigned
to the USER. For example, concerns about USERS vigilantly checking for MEDICAL QEVICE
operation problems might\suggest the need for automation (i.e. designing the MEDICAL QEVICE
to continually monitor for*problems and present an ALARM SIGNAL if one occurs. The potential
for such USE ERRORS _should be documented during the TASK ANALYSIS and considered @uring
the sybsequent RISK-ANALYSIS.

TASK PNALYSIS;"much like RISK ANALYSIS, should be updated as the MANUFACTURER develops
new ifsights*about USER-MEDICAL DEVICE interactions and a design evolves.

9.3 FUNCTION ANALYSIS

The purpose of a FUNCTION ANALYSIS is to identify those functions a MEDICAL DEVICE should
perform automatically or semi-automatically, functions that should be assigned only to USERS
and functions that should be shared between the MEDICAL DEVICE and the USER. Functions
allocated to USERS are called TASKS. Table 2 explains the relative strengths of machines and
humans. Reference [16] describes levels of automation that could be shared between
machines and humans or allocated only to one or the other.

In contrast, a purpose of a TASK ANALYSIS is to identify the sequence of TASKS USERS complete
to perform their assigned functions, as well as what information and control capabilities they
need to complete those TASKS. A TASK ANALYSIS can be used to examine how the USER
performs the assigned functions.
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A FUNCTION ANALYSIS should produce a complete list of important functions, including PRIMARY
OPERATING FUNCTIONS listed in applicable product standards, to be performed by the USER
along with an estimate of the frequency that those functions are performed.

Literature describes many ways to perform a FUNCTION ANALYSIS. Typically, the MANUFACTURER
begins by identifying a MEDICAL DEVICE’S key functions, particularly those affecting clinical
performance, and then assigns the functions to the MEDICAL DEVICE or the USER based on the
known competencies of each.

EXAMPLE MEDICAL DEVICES are particularly good at continually monitoring parameter values and alerting USERS to
values that exceed an established limit. USERS are good at recognizing unique conditions (i.e. anomalies) and
responding in an appropriate manner.

Table 2 — Human versus machine capabilities

Humans do not excel in Machines excel in
Forcel Limited strength. Great forces possible.
Endufance: Fatigues easily. Does not fatigue easily.
Speed: Significant time needed for decision-making High speed.
and njovement.
Accuracy: Unreliable, makes constant and variable Great accuracy attainable.
errorg.
Computing: Slow and error-prone. Large short-term working memory.
Decisjon-making: Best strategy not always adapted; For narrow\applications, superior long-term mem¢ry.

emotipns interfere.

Informpation processing: Basically a single-channel Complex problems can be handled deductively.
procepsor that is easily overloaded; performance
greatly dependent on motivation.

Limitdd short-term working memory; long-term Excellent for repetitive work; unaffected by emotipns
memdqry, although large, has unreliable and slow and motivational needs.
access.

Can perform simultaneous operations easily.

Humans excel in Machines do not excel in

Visual acuity and range very good.

Visual information processingisystem extremely logical | Need to be monitored.
and flexible.

Rangeg of detection extremely wide with good
sensifivity for auditionsand vision.

Perception: Ability«to-make order out of complex Decision-making limited.
situat|ons; detection possible under high noise.

Can reasof inductively; can follow up intuition. Inductive reasoning not possible.

Very {lexible; can easily change rules of operation with | All activities need to be planned and pre-programmed
changes n situation. thoroughly.

Attention is easily shifted; only essential information
can be selected for processing.

When highly motivated, can perform under adverse Needs to get careful maintenance.

conditions with parts out of order (injuries).
P (inj ) Might not operate at all, if some parts are broken.

The key in the USER INTERFACE design PROCESS is to assign appropriate functions to the given
MEDICAL DEVICE and its intended USERS based on the known strengths and weaknesses of
each (e.g. speed, accuracy, reliability), especially when the functions are RISK-critical. Poor
assignments have led to numerous problems such as the following.
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— USERS depending too heavily on a MEDICAL DEVICE'S automatic functions and losing
perspective on the MEDICAL DEVICE'S operational state and PATIENT'S condition; what
USABILITY SPECIALISTS call "loss of situational awareness”".

— A MEDICAL DEVICE functioning at such high speed that the USER cannot perform his or her
function in a timely manner.

— A USER failing to detect a small but critical change in a large data set.
9.4 Identify and analyse known problems
As a preamble to MEDICAL DEVICE design, USABILITY ENGINEERING practitioners can study the

strengths and weaknesses of comparable MEDICAL DEVICES. This benchmarking exercise can
he/p [ T formulate a v O o1 _ar mprovea MED A DEV arnda rager VIing U ‘dStO

One way to assess the USER INTERFACE qualities of comparable MEDICAL DEVICES j§ to pgrform
R INTERFACE review (i.e. critique or expert review) that calls for the (teviewer, who is
a USABILITY SPECIALIST, to cite good versus poor features. As discussed in Clause E. 11,

Another way to assess comparable USER INTERFACES is to conduct-a benchmark USABILITY
TEST,|or perhaps a less formal product assessment exercisef during which representative
§ interact with multiple, existing MEDICAL DEVICES and-.'share their opinions abolit the
AL DEVICES’ acceptable RISK, EFFECTIVENESS, USABIEITY, and appeal. In additjon to
collegting opinions about the existing MEDICAL DEVICES, the MANUFACTURER can| also
quantftatively measure TASK performance (i.e. benChmark an existing MEDICAL DEVICE'S
mance) as a basis for identifying use-related problems that ideally should be avoided by
the ng@w MEDICAL DEVICE.

Field pxperience and incident reports can provide further valuable information about proplems
that have occurred in the past with comparable MEDICAL DEVICES and previous models pf the
MEDICAL DEVICE in development.

Informpation can be drawn from:

a) inferviews with MEDICAL DEVIEE USERS;

b) inferviews with trainers,”who have insights into problems that new USERS encounter;
c) a review of pertinent\literature;

d) analysing complaint files; and

e) performing online searches e.g. using the resources listed in Annex B.

Availgble information sometimes indicates a USER interaction problem associated with a
particllar \USE SCENARIO and the underlying cause (e.g. a USER INTERFACE design shortcdming).
Thesg findings should be an input to the RISK MANAGEMENT PROCESS and the USER INTERFACE
design PROCESS 1o avoid a USER INTERFACE design that has the same vulnerability. The results

of the identification and analysis of known problems serves as input for the identification of
the known or foreseeable HAZARDS and HAZARDOUS SITUATIONS.

More information on how to generate data on known problems from POST-PRODUCTION
experience is found in Clause 18.

10 Identify known or foreseeable HAZARDS and HAZARDOUS SITUATIONS

The identification of known or foreseeable HAZARDS and HAZARDOUS SITUATIONS is part of the
RISK MANAGEMENT PROCESS as described in ISO 14971. The USABILITY ENGINEERING PROCESS
contributes to the identification of USE ERRORS as potential causes for HAZARDOUS SITUATIONS.
The goal is to identify and describe the potential effect that a USE ERROR might have and how
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it can contribute to HARM. A HAZARDOUS SITUATION occurs if a person (often the PATIENT) is
exposed to this HAZARD.

According to ISO 14971, the MANUFACTURER is required to analyse all HAZARDOUS SITUATIONS
(including those deriving from or triggered by a USE ERROR). ISO 14971 further explains that
the probability of a HAZARDOUS SITUATION occurring and probability of HARM occurring are not
the same. In order for HARM to occur, an additional sequence of events that can include USER
TASKS also needs to occur.

11 Identify and describe HAZARD-RELATED USE SCENARIOS

11.1 |Define USE SCENARIOS

In order to identify and describe HAZARD-RELATED USE SCENARIOS, it is helpful _to |establish a
generpl understanding of what USE SCENARIOS are, how they are written and how/they relate to
RISK MANAGEMENT.

A USH SCENARIO is a description of a USER from a specific USER PROFILE interacting with the
MEDICAL DEVICE to achieve a certain result in a specific USE ENVIRONMENT. USE SCENARIJS can
be wrjtten in many different forms, ranging from story-like narratives to simple lists of| USER
TASKS| or steps in a TASK. The purpose of a USE SCENARIO is to illustrate how the functions of a
MEDICAL DEVICE are used by USERS while they are trying to_achieve a result. USE SCENARIOS
can qgover a wide range of situations, including positive® situations, which illustrate the
intended CORRECT USE of the MEDICAL DEVICE, and negadtive situations, which illustrate how a
USE ERROR could lead to an undesired result. Whenya USE SCENARIO leads to a HAZARDOUS
SITUATION, the USE SCENARIO is called a HAZARD-RELATED USE SCENARIO.

For exkample, in the case of night-time use of(a dialysis equipment, the USE SCENARIO |takes
into cpnsideration that the USER might be asleep when the equipment emits an ALARM SIGNAL
and then awake in a disoriented or "fuzzy-headed" state. By comparison, the TASK in thig case
would be to respond to a given ALARM SIGNAL, the large context (i.e. USE SCENARIO)
notwifhstanding.

USE SICENARIOS are typically written in plain language from the USER’S point of view and|try to
avoid|technical details. USE(SCENARIOS can be understood by people who do not have any
techn|cal background. They are therefore suitable for use during participatory design acstlivities.
The activity of writingiUSE SCENARIOS as a team effort can help to create a shared
undergstanding for everyene in the team about what a USER might want to do and how thg USER
might| do it. USE4SEENARIOS, which could involve USE ERRORS, can foster a common
undergtanding ofywhat might go wrong during MEDICAL DEVICE use.

USE JCENARIOS serve as vital input to a number of activities in the USABILITY ENGINEERING
PROCESS,They provide the necessary insights to write appropriate USER INTERFACE
REQUIREMENTS for the MEDICAL DEVICE’S USER INTERFACE. They help the USER INTERFACE design
as they display sequences of interactions USERS want to perform with the USER INTERFACE.
USE SCENARIOS are also valuable input for engineers during MEDICAL DEVICE development,
including ACCOMPANYING DOCUMENTATION and training strategies creation.

Finally, they also provide valuable input to USABILITY EVALUATIONS, such as USABILITY TESTS.
Since USE SCENARIOS provide detailed information of realistic DEVICE use, they can be easily
translated into test scenarios for USABILITY TESTS. The TEST SCENARIOS used for SUMMATIVE
EVALUATIONS are required to address a selected number of HAZARD-RELATED USE SCENARIOS.
Refer to Clause 12 for how to select the HAZARD-RELATED USE SCENARIOS for SUMMATIVE
EVALUATION.

11.2 USE SCENARIOS as they relate to RISK MANAGEMENT

While writing USE SCENARIOS is a common practice in the USABILITY ENGINEERING community,
the term HAZARD-RELATED USE SCENARIO is introduced by IEC 62366-1. A USE SCENARIO
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describes how a USER interacts with the MEDICAL DEVICE in order to achieve a certain result. A
USE SCENARIO becomes HAZARD-RELATED USE SCENARIO by including a description of
circumstances that could lead to a HAZARDOUS SITUATION and can include the USE ERRORS
leading to the HAZARDOUS SITUATION. |IEC 62366-1:2015 Figure A.2 and Figure A.3 illustrate
the difference between a USE SCENARIO and a HAZARD-RELATED USE SCENARIO.

The preliminary analysis of HAZARD-RELATED USE SCENARIOS, which examines HAZARDS and
HAZARDOUS SITUATIONS resulting from USE ERRORS, should begin early in the design PROCESS.
This approach enables preliminary steps of the RISK MANAGEMENT PROCESS to influence
subsequent design activities, which are likely to include implementing changes to reduce or
prevent USE ERRORS.

For example, one step of the RISK MANAGEMENT PROCESS for a glucose monitor might|be to
identify the HAZARDOUS SITUATION that could result from a USER misreading the display. The
result| of the USER’S incorrectly sensing or interpreting the display value can lgad/to delayed
treatment, mistreatment or no treatment of the PATIENT’S blood sugar level, which are known
HAZARDS. This should lead the MANUFACTURER to improve the legibility (6f-the readout to
reduck or prevent the USE ERROR.

Additipnal information is contained in Clause 12 regarding the selection of HAZARD-RE[LATED
USE SCENARIOS for SUMMATIVE EVALUATION.

11.3 |Identify HAZARD-RELATED USE SCENARIOS

Based on the identified HAZARDS and HAZARDOUS SITUATIONS, the MANUFACTURER ideptifies
preliminary HAZARD-RELATED USE SCENARIOS that <can occur at various stages of|USER
interagtion with the MEDICAL DEVICE and that could\lead to a HAZARDOUS SITUATION or HARM.
The preliminary HAZARD-RELATED USE SCENARIOSYcan include the anticipated sequerice of
events, the TASKS involved, the type of USERWho performs these TASKS and the conditions
under| and environments in which these TASKS are performed. Also included should| be a
descr|ption of the USER INTERFACE for which*these preliminary HAZARD-RELATED USE SCENARIOS
have peen identified.

11.4 |Methods to define and analyse HAZARD-RELATED USE SCENARIOS

Therel are several methods\to define and analyse HAZARD-RELATED USE SCENARIOS.|Each
methqd has the potential to identify related HAZARDOUS SITUATIONS that might not otherw|se be
identified by another ,method. Therefore, despite the likelihood of producing overlgpping
findings, the MANUFACGTURER should employ multiple HAZARD-RELATED USE SCENARIO
identification metheds“for thoroughness sake, such as:
a) brpinstorm-USE SCENARIOS (see E.3);

b) cdntexttalinquiry (see E.5);

c) dayiin-the-life analysis (see E.6);

d) FMEA and FTA (see E.8);

e) focus groups (see E.9);

f) FUNCTION ANALYSIS (see E.10);

g) literature reviews;

h) observation (see E.12);

i) one-on-one interviews (see E.13); and
j) TASK ANALYSIS (see E.19).
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12 Select the HAZARD-RELATED USE SCENARIOS for SUMMATIVE EVALUATION

12.1 General

In order to plan the SUMMATIVE EVALUATION, the MANUFACTURER needs to determine which
HAZARD-RELATED USE SCENARIOS to be included. The purpose of this determination is to ensure
that the SUMMATIVE EVALUATION includes all USE SCENARIOS needed to demonstrate SAFETY
related to the USER INTERFACE of the MEDICAL DEVICE. IEC 62366-1 provides three options to
the MANUFACTURER.

a) Option 1: include all HAZARD-RELATED USE SCENARIOS.

b) Optiom2—imciude a subset of the AAZARD-RELCATED USE SCENARIOS based o the SEYERITY
of[the potential HARM that could be caused by USE ERROR.

c) Option 3: include a subset of the HAZARD-RELATED USE SCENARIOS based on the’/SEVERITY
and additional circumstances specific to the MEDICAL DEVICE and the MANUFAGTURER.

Thesg options are provided to account for the fact that the number of HAZARD-RELATED USE
SCENARIOS can vary depending on the complexity of the MEDICAL DEVICE:-"While a relatively
simplé MEDICAL DEVICE might have only a small number of HAZARD-RELATED USE SCENAR|OS, a
more [complex MEDICAL DEVICE might have a considerably higher aumber of HAZARD-RE[LATED
USE SCENARIOS.

For simpler MEDICAL DEVICES, it might be possible to include in the SUMMATIVE EVALUATION all
the HAZARD-RELATED USE SCENARIOS or even all the USE SCENARIOS, regardless of the SEVERITY
of pojential HARM that could be caused by USE ERROR (option 1). For more compl|cated
MEDIC]AL DEVICES, the MANUFACTURER might limit theSHAZARD-RELATED USE SCENARIOS ingluded
in the[ SUMMATIVE EVALUATION to those with a SEVERIRY for which medical intervention would be
needgqd (option 2). Sometimes, the MANUFACTURER might also want to consider |other
circumstances specific to the MEDICAL DEVICE-afd the MANUFACTURER when selecting thg most
criticgl HAZARD-RELATED USE-SCENARIOS (option 3).

The idlentification of USER INTERFACE elements related to HAZARDS that is conducted early in
the dpsign PROCESS is likely to have the possibility to overlook some important HAZARD-
RELATED USE SCENARIOS. This jis—even true when the analysis is performed well and it
considlers available POST-PROBUCTION data. For this reason, it is important to updafe the
identification based on the results of USABILITY TESTS of the MEDICAL DEVICE in develogment,
which| are likely to identify previously unidentified HAZARD-RELATED USE SCENARIOS.
Unforfunately, USABILIPYWTESTS that include only the previously identified HAZARD-RELATHD USE
SCENARIOS might nat include TASKS involving unacceptable RISKs that were not prevjously
recoghized. A HAZARD-RELATED USE SCENARIO considered to have an acceptable RISK, pgrhaps
resulting from a’low likelihood of occurrence estimate, might in fact be unacceptable. Fo¢r this
reasop, it is (recommended to conduct a series of FORMATIVE EVALUATIONS (e.g. USABILITY
TESTS|) to examine the most complete set of USER-MEDICAL DEVICE interactions practicaple in
order [to/identify all HAZARD-RELATED USE SCENARIOS.

It should be noted that when selecting HAZARD-RELATED USE SCENARIOS for SUMMATIVE
EVALUATION either based on SEVERITY or based on RISK, some “low RISK” MEDICAL DEVICES
could seem to have no relevant HAZARD-RELATED USE SCENARIOS to be considered. Additional
information regarding when a USABILITY TEST is not required for SUMMATIVE EVALUATION is
found in 17.1.

The appropriate selection scheme used to select the HAZARD-RELATED USE SCENARIOS for
SUMMATIVE EVALUATION depends on circumstances specific to the MEDICAL DEVICE and is part of
the MANUFACTURER’S obligations for due care and responsibility.

In all cases, it is important to understand that SUMMATIVE EVALUATION also should cover a
demonstration that USERS are able to accomplish the intended purpose of the MEDICAL DEVICE
as described in the USE SPECIFICATION.
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12.2 Selection of the HAZARD-RELATED USE SCENARIOS based on SEVERITY

ISO 14971:2007 defines RISK as the combination of the probability of occurrence of HARM and
the consequences (i.e. SEVERITY) of that HARM. However, probability of encountering a HAZARD
can be very difficult to determine, especially for a novel MEDICAL DEVICE for which no POST-
PRODUCTION data are available. For this reason, the selection of HAZARD-RELATED USE
SCENARIOS included in SUMMATIVE EVALUATION should be based primarily on the SEVERITY of
HARM that could be caused by USE ERROR. If during development the USER INTERFACE is
modified to eliminate the HAZARD or HAZARDOUS SITUATION, then the HAZARD-RELATED USE
SCENARIO no longer exists.

1ISO 14971:2007 includes schemes faor r‘ntpgnri7ing SEVERITY Table 3 shows one m(qmple

adapted from ISO 14971:2007.

Table 3 — Example of five qualitative SEVERITY levels
(adapted from Table D.3 of ISO 14971:2007)

Common terms Possible description
Negligible Inconvenience or temporary discomfort
Minor Results in temporary injury or impairment not requiring professional medical interveption
Serioyis Results in injury or impairment requiring professional,medical intervention
Critical Results in permanent impairment or life-threatening injury
Catagtrophic Results in PATIENT death

EXAMRLE Using the SEVERITY scheme shown in Table 3, a MANUFACTURER limits the HAZARD-RELATED USE
SCENARIOS included in the SUMMATIVE EVALUATION to these with a SEVERITY of “Serious”, “Critical”, or “Catasf{rophic”.

SEVERITY estimates are obtained from .the*analysis of HAZARDOUS SITUATIONS done according
to ISQ 14971:2007 (4.3 and 4.4) and eemmunicated to the IEC 62366-1 PROCESS (as arfow D
in Figure A.4 of IEC 62366-1:20485). Other data can be identified both as part of the
ISO 14971 decision making PROCESS and the IEC 62366-1 design PROCESS.

12.3 | Selection of HAZARD-RELATED USE SCENARIOS based on other circumstances

IEC 6P366-1 mentions~the possibility of using other circumstances specific to the MEDICAL
DEVICE and the MANUFACTURER, if data are available and the scheme and the rationale are
documented. For_éxample, selection of the HAZARD-RELATED USE SCENARIOS to be includled in
the SUMMATIVE €VALUATION can be based on RISK levels (generated from the combinatjon of
the probability of occurrence of HARM and the SEVERITY of the consequences of that HARM)
rathel thap."@n SEVERITY alone.

The 18044971 PROCESS-—can prn\/idn data on the ccecoTIVENESS of nviefing RISK-CONTROL

measures that can justify estimating probability that the RISK CONTROL measure prevents HARM.

For some HAZARDS, the effects of time can be taken into consideration. The example provided
in IEC 62366-1 (taken from IEC 60601-1-8 [1]) explains that the RISk associated with an
ALARM CONDITION is dependent on the amount of time that elapses between the ALARM
CONDITION occurring and when the HARM occurs. Similarly, the RISK associated with a USE
ERROR occurring can depend on the amount of time that elapses between the USE ERROR
occurring and when the HARM occurs. This resembles the decreasing of probability of HARM by
the amount of events or RISK CONTROL measure breakdowns needed before HARM occurs.

Probability estimates can also be derived from POST-PRODUCTION data on current or previous
versions of the MEDICAL DEVICE. These data can be used to estimate both probability of USE
ERROR and probability of resulting HARM, depending on the nature of data, its volume and
dependability. Refer to Clause 19 for further guidance.
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Probability estimates can also be derived from knowledge about factors affecting the
probability of the occurrence of USE ERROR or of the probability of the occurrence of resulting
HARM.

13 Establish USER INTERFACE SPECIFICATION

13.1 Development of the USER INTERFACE SPECIFICATION

The USER INTERFACE SPECIFICATION is a document consisting of USER INTERFACE REQUIREMENTS.
The USER INTERFACE SPECIFICATION can physically consist of one or more documents.

USER [INTERFACE REQUIREMENTS are a principal means to ensure that a USER INTERFACE"design
ascrijes to good USABILITY ENGINEERING principles as well as meets specific needs\ideptified
during earlier USER research activities and preferences expressed by the intended USERS.
USER[INTERFACE REQUIREMENTS can also be drawn from USABILITY ENGINEER|NG resoyrces.
Refergnce [4] is a particularly rich source, because it contains extensive data, such as the
size (gnthropometry) and strength (biomechanics) of human beings at theféxtremes (e.g} fifth-
percentile female and ninety-fifth-percentile male) and in between. ©ther sources irnclude
other [USABILITY ENGINEERING standards, USABILITY ENGINEERING textbgoks, and USER INTERFACE
desigh style guides. Specific, quantitative USER INTERFACE REQUIREMENTS tend to be| most
helpfyl.

MANUFACTURERS might develop just a few or many USER INTERFACE REQUIREMENTS depgnding
on the extent to which USERS interact with the given MEDBICAL DEVICE. For example, they|might
develpp many more USER INTERFACE REQUIREMENTS as\a basis for designing a ventilaton used
in crit|cal care as compared to an otoscope used in.a‘physician's office to look into a PAT|ENT'S
ear. Annex | contains examples of expressedyneeds and associated USER INTERFACE
REQUIREMENTS.

A USER INTERFACE SPECIFICATION is based-.an several RECORDS described earlier, including:

a) thp USE SPECIFICATION;
b) the known or foreseeable USE ERRORS associated with the MEDICAL DEVICE; and

D

c) the selected HAZARD-RELATED USE SCENARIOS.

MANUFACTURERS are welliserved to develop a library of USER INTERFACE REQUIREMENTE that
can be drawn upongs~as appropriate, during particular development efforts. The | USER
INTERFACE REQUIREMENTS should be updated as new information about USER’S needp and
prefefences becomes available, as well as when new RISKS are identified.

The USER INTERFACE SPECIFICATION should be developed ahead of the USER INTERFACE, but
then gvolye with the ensuing design. Otherwise, it quickly becomes outdated.

13.2 “ATCOMPANYING DUCUMENTATION amdtraiming

Because the instructions for use and other ACCOMPANYING DOCUMENTATION are considered part
of the MEDICAL DEVICE, USER INTERFACE REQUIREMENTS should be developed for instructions for
use and other ACCOMPANYING DOCUMENTATION as part of the USER INTERFACE SPECIFICATION. It
is important that attention be paid to instructions for use and other ACCOMPANYING
DOCUMENTATION requirements early in development, as such requirements can serve as
drivers during USER INTERFACE design, for example, when decisions are made to embed
instructions for use or help within the MEDICAL DEVICE itself, as opposed to incorporating it only
in printed manuals or on-line information.

IEC 62366-1:2015, 5.6, requires the USER INTERFACE SPECIFICATION to include whether
ACCOMPANYING DOCUMENTATION or training are required for the safe use of the MEDICAL DEVICE.
MANUFACTURERS should determine the instructions for use and other ACCOMPANYING
DOCUMENTATION content that is needed for each group of USERS identified for the MEDICAL
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DEVICE, taking into consideration the environment(s) of use of the MEDICAL DEVICE.
MANUFACTURERS should also determine the delivery mechanisms (i.e. media) that are most
effective to meet the particular needs identified.

MANUFACTURERS should develop USER INTERFACE REQUIREMENTS for information for SAFETY
material considering all elements of the USE SPECIFICATION. Considerations include the amount
of information needed (e.g. book, single sheet of paper, cards, several of these options),
media (e.g. video, audio, electronic text, printed text), packaging and storing of the
information for SAFETY (for larger MEDICAL DEVICES this could be, for instance, a shelf
incorporated into the MEDICAL DEVICE design), attributes of the media chosen (e.g. mobility,
screen size, paper weight, font size), as well as target reading level for the information for

SAFETN a hacad on aeneral and haalth litaracv of tha intandad LiISERS)
—8—oasea-eh-geherar—ahareati—Heaey-otHetHhtehaea =)

MANUFACTURERS should include the activities related to the evaluation of the informatipn for
SAFETJY in the USER INTERFACE EVALUATION plan.

USER|INTERFACE REQUIREMENTS should be developed for training and materials necessgry for
training, when needed, as part of the USER INTERFACE SPECIFICATION. | It is important that
attenfjon be paid to training requirements early in development, as, such requiremenis can
serve|as drivers during USER INTERFACE design, for example, when decisions are made to
embef training and instruction within the MEDICAL DEVICE itself, as opposed to incorpordting it
only iph class room training or on-line interactive materials.

MANUFACTURERS should determine the training content that'is needed for each group of USERS
identified for the MEDICAL DEVICE, taking into consideration the environment(s) of use pf the
MEDICAL DEVICE. MANUFACTURERS should also determin€ the delivery mechanisms (i.e. media)
that are most effective to meet the particular training needs identified. Training requirements
shoulyl be expressed in terms of USER perforitance, not simply in terms of the content
contalned in the training materials. Therefore,¥éequirements for training are best expressed in
langupge such as “Following instruction about X, the USER shall be able to demonstrate
PROCEDURE X unassisted and without errors.” Reference [17] provides detailed guidanice on
the de¢velopment of training materials,\ircluding the requirements development phase pf the
PROCESS.

In some cases, training requiréments can be relatively simple; in others (e.g. home dlalysis
equipment; surgical robots), \much more extensive requirements are needed. As is thg case
with @ther aspects of thé\USER INTERFACE, training requirements evolve over the coulse of
desigh and should be updated as the design progresses.

14 Elstablish USER INTERFACE EVALUATION plan

14.1 | Specify how the USER INTERFACE design will be explored and evaluated

MANUEACTURERS should establish a plan for how they intend to develop, explore and evaluate
the USER INTERFACE design (FORMATIVE EVALUATION) as well as confirm the final USER
INTERFACE design (SUMMATIVE EVALUATION). These steps are described later in this technical
report in USER INTERFACE EVALUATION and planning.

The USER INTERFACE EVALUATION plan helps to synchronize USER INTERFACE EVALUATION
activities with other development activities. The plan should include information about the
timing of the USER INTERFACE EVALUATIONS and their relationships with the overall development
project. For example, it is important that a prototype is available prior to USABILITY TEST
execution. It is therefore vital to synchronize the prototype development activities with USER
INTERFACE EVALUATION activities. It is often advisable to integrate both sets of activities into
one project plan.

USER INTERFACE EVALUATION can vary in scope and complexity. Additional information about
methods is found in Table E.1. While simple USER INTERFACE EVALUATION methods conducted
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as FORMATIVE EVALUATIONS such as expert reviews, can be conducted quite cost effectively,
more extensive USER INTERFACE EVALUATIONS can require greater resources (i.e. time, money,
staff, material, premises, test participants, etc.). The USER INTERFACE EVALUATION plan helps to
make MANUFACTURERS aware of resource needs and to allocate necessary resources well
enough in advance.

USER INTERFACE confirmation involves conducting a SUMMATIVE EVALUATION—ideally as a
follow-up to a series of FORMATIVE EVALUATIONS used to explore the design—to ensure that the
USABILITY is acceptable (i.e. that use-related RISKS have either been eliminated or reduced to
an acceptable level). Experience among USABILITY SPECIALISTS suggests that SUMMATIVE
EVALUATIONS usually produce findings that warrant design changes when a MEDICAL DEVICE

has net underacne-one-ormore-EORMATINVE EN/ALLIATIONS
DU E -G o8- 8o+ o8-+ oA et YA oATToNOT

The USER INTERFACE EVALUATION plan can be a standalone document or integrated info the
USABILITY ENGINEERING project plan.

14.2 | FORMATIVE EVALUATION planning

FORMATIVE EVALUATION is an effective way to “filter-out" USER INTERFACE)design shortcomings
that gould induce potentially harmful USE ERRORS. The appropriate” number of FORMATIVE
EVALUATIONS depends on many factors including the MEDICAL DEVICE'S complexity, the
potential for USE ERRORS that could be harmful, and the development schedule and budget. To
be copservative, MANUFACTURERS can plan to conduct at least2 to 3 FORMATIVE EVALUATIONS.
Notahly, it can be more productive to conduct many (i.€)'more than 2 to 3), smalltscale
FORMATIVE EVALUATIONS rather than fewer, large-scale EFORMATIVE EVALUATIONS.

Altholyigh FORMATIVE EVALUATIONS are generally ~émall-scale and informal compared| to a
SUMMATIVE EVALUATION, they tend to grow larger‘and more formal as a design evolves frpm an
early concept to a production-equivalent prototype. Many USABILITY ENGINEERING practitioners
chooge to have the last FORMATIVE EVALUATION match the SUMMATIVE EVALUATION methodology
(i.e. an early version of a SUMMATIVE _EVALUATION plan). The methodology calls for test
particlpants to work independently (ise” without assistance and without the kind of test
moderator-test participant dialogue (that clarifies USER preferences during many FORMATIVE
EVALUATIONS) and to perform what analyses have determined to be the TASKS associatefl with
the highest Risks. Accordingly,.the last FORMATIVE EVALUATION can be called a pre-SUMMATIVE
EVALUATION. It is the time to discover any remaining USER INTERFACE shortcomings that would
need [to be addressed o, that no new findings are discovered during the SUMMATIVE
EVALUATION. It is also a‘gaod time to assess the given MEDICAL DEVICE'S performance against
established USABILITY-GOALS (related to commercialization issues and not SAFETY issues) if the
MANUKFACTURER has not already done so in preceding FORMATIVE EVALUATIONS.

14.3 | SUMMATIVE EVALUATION planning

SUMMATIVE EVALUATION is used to confirm the SAFETY of the USER INTERFACE. SUMMATIVE
EVALUATION is frequently a part of the design validation activities in the development of a
MEDICAL DEVICE.

MANUFACTURERS conduct a SUMMATIVE EVALUATION to make what is typically their final
evaluation of a MEDICAL DEVICE so to determine whether or not the USER INTERFACE has
acceptable use-related RISK and EFFECTIVENESS.

The SUMMATIVE EVALUATION, viewed from an acceptable RISK perspective rather than business
standpoint, seeks to confirm that the USER INTERFACE enables effective use and protects
against potentially harmful USE ERRORS. Such testing can only take place on the final or
production-equivalent USER INTERFACE. A successful test generates the evidence necessary to
demonstrate that the USER INTERFACE is acceptable (i.e. RISK CONTROLS are effective and that
overall RISK has been reduced to an acceptable level). Some AHJ will review SUMMATIVE
EVALUATION results in detail.
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The SUMMATIVE EVALUATION is the final check that a MEDICAL DEVICE can be used safely on
humans, that is unless there is a need for further USABILITY EVALUATION in a clinical study to
produce adequate evidence of a MEDICAL DEVICE'S acceptable use-related RISK. Therefore,
such testing can be required before a MANUFACTURER is permitted to use the MEDICAL DEVICE
in a clinical study or, later on, market the MEDICAL DEVICE.

If a MANUFACTURER has developed an updated version of a pre-existing MEDICAL DEVICE, the
SUMMATIVE EVALUATION can focus on confirming the adequacy of the USER INTERFACE'S new
portion and/or modifications, presuming that the balance of the USER INTERFACE was
previously evaluated by means of a SUMMATIVE EVALUATION. This is sometimes referred to as a
‘bridging study’. However, if the previous MEDICAL DEVICE version did not undergo a SUMMATIVE
EVAL A'rlr\M +ha MANHFAGCTFURER ehr\nlrl nnndnr\l- a r\nmnrohancn:a SAHVHATFAE—EVARSATHON to
confirm the adequacy of the entire USER INTERFACE. Older portions of the USER INTERFACE are
not "grandfathered" as far as USABILITY TESTING is concerned, regardless of whethg¢r the
original MEDICAL DEVICE'S has an exemplary use history. It is considered .USABILIfY OF
UNKNQWN PROVENANCE and is evaluated according to Annex C of IEC 62366-1:2015.

14.4 (USABILITY TEST planning

FORMATIVE and SUMMATIVE EVALUATIONS often involve USABILITY TESTS--These USABILITY [TESTS
should be planned to provide the data needed to evaluate the USER INTERFACE.

The pjan for each USABILITY TEST should be documented in the\xform of a protocol that explains
the doals of and the methods to be used in the (USABILITY TEST. As required in
IEC 6p3661:2015, 5.7.1, such protocols include descriptions of the following:

a) pg3rticipants in the USABILITY TEST, to be representative of each intended USER GROUP

b) tept environment and other use conditionsi o be representative of the intende USE
ENVIRONMENTS;

c) the ACCOMPANYING DOCUMENTATION to he provided during the USABILITY TEST, if any; and

d) the training to be provided during thé USABILITY TEST, if any, and the minimum elapsed
time between the training and the.beginning of the USABILITY TEST.

USABILITY TEST protocols can bestructured in a variety of ways. Well-structured USABILITY TEST
proto¢ols serve the important purpose of describing the details of how a USABILITY TEST is
condycted, thereby ensuring its quality.

14.5 |Example USABILITY TEST protocol and report

Table|4 containsan*example USABILITY TEST protocol outline. It is just one example and|is not
intended to be{hie model for every type of USABILITY TEST. The example outline is|for a
SUMMATIVE EVALUATION, which is why it is so comprehensive. FORMATIVE EVALUATIONS |could
have p shornter protocol with a simpler outline that leaves out some of the details needgd for
SUMMATIVE EVALUATION.
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Table 4 — Example outline of a USABILITY TEST protocol

Item nb Protocol element
1 Introduction
2 Test purpose
3 Test method overview
4 Test Items (MEDICAL DEVICE and ACCESSORIES being evaluated including configuration)
5 Test materials (supporting materials needed for the test)
6 Test environment

Test participants (USER GROUPS, number and selection criteria)

g Test personnel (staff roles and responsibilities)

e

List of TASKS based on selected HAZARD-RELATED USE SCENARIOS

1P Data collection techniques and methods (both objective and subjective)

m Data analysis methods

1R USABILITY test script (moderator guide)

1B Test protocol templates (data collection forms necessary for conducting the USABILITY TEST)
A Participant training protocol, if required

When| USABILITY TESTS include information that might/bé subject to data security or privacy
rules |or regulations, these rules have to be considered and followed. An ethics committee
review and informed consent could also be required:.[18] [19]

USABILITY TEST reports can be structured in acvariety of ways. Well-structured test reports are
the OBJECTIVE EVIDENCE generated from the test results and do not necessarily describe how
the USER INTERFACE problems identified, during the test might be solved.

Table|5 contains an example of one ef many possible outlines for a USABILITY TEST report. The
example report is suited for SUMMATIVE EVALUATION, and therefore is very comprehepsive.
FORMATIVE EVALUATIONS can have shorter test reports.

Table\5 — Example outline of a USABILITY TEST report

Iten} nb Report element
1 ExeCutive summary
3 latroduction
3 Summary of test protocol
4 Deviations from test protocol
5 Detailed test results (USE ERRORS identified and TASK performance data)
6 Analysis of results (USE ERRORS, CLOSE CALLS, areas for improvement)
7 Conclusions (results of USABILITY TEST)

15 Design and implement the USER INTERFACE and training

15.1 General

The USER INTERFACE design should meet the established USER INTERFACE REQUIREMENTS,
thereby ensuring a solution that is well suited to the intended USERS, rather than designing the
USER INTERFACE primarily based on technological capabilities and constraints. The USER
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INTERFACE design PROCESS is iterative. Figure 2 presents an example USER INTERFACE design
progression. Eventually, the USER INTERFACE design leads to USER INTERFACE REQUIREMENTS
implicitly meeting the USER needs and ensuring that the USER INTERFACE permits the USER to
perform acceptably all HAZARD-BASED USE SCENARIOS.

The best way to prevent USE ERROR and the possible resulting HARM is to eliminate a HAZARD
or HAZARDOUS SITUATION altogether. Another way is to produce a design with built-in
protections against USE ERRORS, such as physical guards over a critical control, an interlock
preventing accidental control actions, requiring USERS to confirm critical actions. These types
of RISK CONTROL measures should be carefully used and thoroughly analysed to make sure
that when implemented no new HAZARDOUS SITUATIONS are added such as delaying operation.

When| USE ERRORS occur despite other RISK CONTROLS, ALARM SIGNALS can be an effective way
to draw the USERS’ attention and give them a chance to correct the problem before HARM can
occur| However, MANUFACTURERS should avoid making warnings, instructions, and \training the
primafy means of preventing USE ERROR.

Consistent with the goal to ensure MEDICAL DEVICE SAFETY and USABILITY, MANUFACTURERS
shouldd focus on producing a high-quality USER INTERFACE, drawing oh data about Human
capaljilities and preferences that can be found in USABILITY ENGINEERING standards| (e.g.
refergnces [4], [20] [21] and [22]) and textbooks. MANUFACTWRERS should also estpblish
PROCHEDURES to ensure that engineering and manufacturing decisjons take full account of USER
INTERFACE requirements.

The MANUFACTURER should keep USER INTERFACE design from becoming a bureaycratic
exerc|se focused more on producing documents to\fill the USABILITY ENGINEERING FILH than
producing design excellence. USER INTERFACE designh warrants a structured approach, sych as
that gescribed in this technical report. However, designing safe, usable, and satisfying
MEDICAL DEVICES calls for the application of design expertise.
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Figure 2 — Progression of a USER INTERFACE design
from-multiple concepts to a few concepts to a preferred concept

MANUFACTURERS should design the ACCOMPANYING DOCUMENTATION and, in particulaf, the
information for use, in an iterative PROCESS based on iterative USABILITY EVALUATION of both

inforntatiomfor SAFETY anmd—the MEDICAL DEVICE itseffRequirements—tam evotve or cthange
during the course of the USABILITY ENGINEERING PROCESS.

15.2 Develop conceptual model(s)

A MEDICAL DEVICE’S conceptual model describes the general organization of the USER
INTERFACE. CONCEPTUAL MODEL DIAGRAMS can be used to document these concepts.
Conceptual models can be expressed as a USER INTERFACE structure (e.g. screen flow)
diagram or more simply as elements (e.g. circles) with labels such as set-up, treatment,
maintenance and history. Conceptual models need not distinguish between hardware and
software USER INTERFACE elements.

MANUFACTURERS should be mindful that a coherent conceptual model is the foundation of a
good USER INTERFACE design and that USERS can help choose an appropriate one by judging
them in more abstract forms, such as Figure 2, or simple instantiations, such as alternative
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control panel layouts or a limited set of computer screens. USER feedback on these
instantiations can be collected through FORMATIVE EVALUATION.

Subclause 15.3 discusses software and 15.4 hardware USER INTERFACE development efforts,
noting that a given MEDICAL DEVICE might have one or the other or both. However, they should
be designed in parallel and the MANUFACTURER should ensure that the hardware-software
integration is adequately synchronized to avoid compromising the MEDICAL DEVICE’S ultimate
SAFETY and USABILITY.

15.3 Design software USER INTERFACES (if applicable)

15.3. GGIIUIG;

Therel are many ways to approach software USER INTERFACE design. The best approach|might
depend on whether the MANUFACTURER is modifying existing software USER_INFERFACE or
creating a new one. This subclause describes an approach to the latter that.can thgen be
tailorgd, as needed, to apply to the PROCESS of modifying an existing-software | USER
INTERFACE. [21]

15.3.2 Review USER INTERFACE REQUIREMENTS and constraints

As a precursor to developing the software USER INTERFACE, MANUFACTURERS should revigw the
USER |NTERFACE REQUIREMENTS, which should be rooted in an‘understanding of USER rleeds,
MEDICAL DEVICE USE SCENARIOS, and the possible USE ENVIRONMENTS. Sample software-re¢lated
USER |NTERFACE REQUIREMENTS for a hypothetical MEDIGAL DEVICE (and not necessarily|other
MEDICAL DEVICES) include the following.

a) Eyery screen shall have a meaningful title foshelp USERS recognize their location jn the
sdftware hierarchy and their progress in the TASK at hand.

b) When an on-going function requires the WUSER to wait more than 3 s, the associated gcreen
sHall provide a progress indication.

c) Eyery screen shall have at least ong dynamic element so that USERS can detect if a §creen
hgs failed (i.e. stopped updating):

d) Text shall be at least 14 point or larger to ensure legibility among individuals with less
thgn normal visual acuity(e.g. USERS who are farsighted and might not to be wearing their
repding glasses).

The review of the USER\NTERFACE REQUIREMENTS sets the stage for a USER-centred software
USER [INTERFACE design™ effort, with all participants cognizant of the USABILITY ENGINEERING-
related design expectations.

15.3.3 Develop software USER INTERFACE structure(s)

Buildihglon” the conceptual model, MANUFACTURERS should explore multiple software|USER
INTEREAGE structures and high-level navigation schemes This structure can be depicted as
screen flows that depict the related USER navigation methods. The design focus would be on
the general purpose of various screens types rather than the functional detail of any particular
screen.

The following principles from reference [10] should be considered while designing software
USER INTERFACES:

a) suitability for the TASK;

b) self-descriptiveness;

c) conformity with USER expectations;

d) suitability for learning;

e) controllability;

f) error tolerance; and
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g) suitability for individualization.
15.3.4 Design wireframes

Software screens and a navigational structure should be designed to match the USER
INTERFACE structure. One option for initial design of the screens is to create “stripped-down”
screens, or what are often called wireframes, that present content via generic forms to
represent screen items. These wireframes can be used directly as a vehicle to facilitate
discussion of the content of the screens, and they can be built into working prototypes to
demonstrate the proposed navigational structure. With such an approach, visual design of the
screens can proceed in parallel by choosing a few representative screens and creating
multiple visual design solutions to represent alternative approaches to the “look and feel” of
the s¢reens. The advanfage of this design PROCESS is that it avoids invesiing the fime and
effort|necessary for creating alternative versions of the whole array of necessary screens.

Thus,| waiting to implement a preferred visual style until later in the design’ PROCES$ is a
common practice among many software USER INTERFACE designers. However;ythere is @ RISK
assodiated with use of wire frames: prospective USERS and design reviewers within the
develppment organization might have difficulty interpreting wireframes, struggling to|react
strictly to screen content instead of visual appeal (i.e. aesthetics); Also, subtleties ¢f the
visuall designs might significantly affect USER interactions, something that would not be
identified by testing solely with wireframes. Therefore, it is common to strike a balance,
initially creating simple screens reflecting a reasonably realistic but still flexible visual|style.
This gpproach enables designers to use visual design elements, such as colour and a|more
nuanded arrangement of onscreen features, to communjcate important information that|could
not be represented in a monochrome wireframe.

As discussed in Clause 16, MANUFACTURERS, should seek USER feedback on the|USER
INTERFACE structure and sample screens of increasing FIDELITY. One approach is to congluct a
FORMATIVE EVALUATION using a cognitive walkthrough — having representative USERS interpret
what [they see on static screens (e.g. printouts, digital images, slide presentations)) and
descr|be what actions they would take.. Another approach, made possible by the availabllity of
a Wid,f variety of “rapid-prototyping” {ools, is to create one or more early computer-pased
working prototypes that incorporate_screens and the navigational structure into a “usable”
SIMULATION for FORMATIVE EVALUATION. The advantage of the latter is that it reducgs the
chandes of USABILITY problems:failing to become apparent because of the unrealistic nature of
static|screens.

15.3.§ Design screenjtemplates

After [the appropriate screen content has been well defined (albeit subject to future
refinement), th€_ MANUFACTURER develops screen templates that provide a congistent
framework far )specific screen development. Screen templates help to ensure design
consistencys-They define the standardized position and appearance of on-screen elements,
such psrtitles, headings, data labels, USER prompts, illustrations, visual ALARM SIGNALY, and
data jnput and output fields. It is typical to produce 5 to 10 templates to facilitaje the
development of screens such as those that welcome USERS during machine start-up, present
PATIENT/treatment status information, enable parameter adjustments, enable a review of past
parameter values and ALARM CONDITIONS, and indicate equipment power-down.

15.4 Design hardware USER INTERFACES (if applicable)
15.4.1 General

Hardware USER INTERFACE design can be approached in a top-down or bottom-up manner, the
former being preferred. The top-down approach starts by envisioning how USERS interact with
hardware in a broad sense, considering the USER INTERFACE’S general organization, and then
shifting focus to the detailed hardware elements. The bottom-up approach selects
components to address functional needs and then organizes them in a logical manner. The
latter approach can work, but might produce a USER INTERFACE that does not function very well
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as an integrated whole, particularly for complex USER INTERFACES. It can be useful for the
design to be developed using both approaches in parallel. [4] [22]

15.4.2 Review USER INTERFACE REQUIREMENTS and constraints

Before developing the hardware USER INTERFACE, the MANUFACTURER should review the USER
INTERFACE REQUIREMENTS, which should be rooted in an understanding of USER needs,
MEDICAL DEVICE USE SCENARIOS and possible USE ENVIRONMENTS. Examples of hardware-
related USER INTERFACE REQUIREMENTS include the following:

a) mechanisms shall not have exposed pinch points;

" Il n b 1 1l Il 'l H b
b) cgnmectorsanda conmectot PUIS Stidll pretiuduc 1o VuUTIie U uurtts,

EXAMPLE Fluid connectors that comply with ISO 80369-1. [23]

c) gyards or interlocks shall protect the MEDICAL DEVICE from control inputs by unauthprized
UYERS;

d) guards or interlocks shall protect the PATIENT or USER from unintended outputs of the
MEDICAL DEVICE.

15.4.3 Develop concept sketches

A harflware USER INTERFACE can take many forms that reflect different design trade-offs| such
as the trade-off between providing a dedicated, surface-level control to actuate a fupction
versup complicating a control panel and possibly intimidating new USERS. For this reason, it
can bg beneficial to generate multiple hardware design sketches or 3-D prototypes and pbtain
USER feedback on them (e.g. through FORMATIVE EVALUATION). This feedback can complg¢ment
the rgsults of engineering analyses performed to determine which concept is most promising
and warrants further development. Figure 3 illustrates the progression of concepts| from
multipgle concepts to a few concepts to a preferred concept.

15.5 | Design materials necessary for training and training
15.5.1 General

If traiping is necessary for the safe use of the MEDICAL DEVICE, the MANUFACTURER ghould
determine the scope of the training, the scope of the training materials and the USER GROUPS
who reed to be trained. In same cases, the extent of training can be simple. In other [cases
(e.g. home dialysis equipment or surgical robots) more extensive training can be needed|

It is important that attention is paid to training requirements early in the developmenft of a
MEDICAL DEVICE. Training requirements can serve as drivers during USER INTERFACE design, for
example, when{decisions are made to embed training materials within the MEDICAL DEVICE
itself.

As is [thie’ case with other aspects of the USER INTERFACE, training requirements evolve over

nnnnnn

15.5.2 Training materials

Work on a MEDICAL DEVICE'S training materials, such as embedded, computer-based help,
quick reference cards, and the ACCOMPANYING DOCUMENTATION, which includes the instructions
for use and technical description, should start as soon as practical during the design PROCESS.
Work on training materials cannot be fully developed until the software and hardware USER
INTERFACE designs have matured sufficiently. However, early conceptual work on the training
materials can clarify design issues such as the:

a) extent of an embedded help system, which could provide basic or detailed guidance;

b) need for on-MEDICAL DEVICE warnings; and

c) need for a storage space for the quick reference cards and ACCOMPANYING DOCUMENTATION
within or attached to the MEDICAL DEVICE itself.
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Figure 3 — Progression of concepts from multiple concepts
to a few..concepts to a preferred concept

The fraining requirements. contained in the USER INTERFACE SPECIFICATION guide the
develppment of training-materials. As the design PROCESS proceeds, those developing training
materjals should make-use of the results of the TASK and USE ERROR analyses in order to
accomplish the detailed design of the training materials.

As with other(parts of the USER INTERFACE, it is important that training materials be tesged in
FORMATIVE-EVALUATION during the detailed design phase and before SUMMATIVE EVALUAT|ON of
the MEDICAL DEVICE. This is especially important when training materials are RISK CONTROL
measEres for the MEDICAL DEVICE, which means that they become information for SAFETY.
When developing such information for SAFETY, it is important to identify to whom this
information is to be provided and how it is to be provided. The MANUFACTURER should provide
an explanation of the RISK, the consequences of exposure and what should be done or
avoided to prevent HARM.

In developing the information, the MANUFACTURER should consider:

a) the level of priority appropriate to classify an action: danger, warning, caution or notice;
b) the level or detail of information needed;

c) the location for the information for SAFETY;

d) the wording or pictures to be used to ensure clarity and understandability;

e) the immediate recipients (e.g. USERS, service personnel, installers, PATIENTS);

f) the appropriate media for providing the information, (e.g. instructions for use, labels); and
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g) the regulatory requirements, etc.

Selection of training media is one of the major decisions that should be made during the
design of training materials. MANUFACTURERS have more choices than ever before in terms of
training media, and different forms of media have their strengths and weaknesses in
delivering information, depending on the type of USER, the use context of the MEDICAL DEVICE,
and the particular information being conveyed during instruction. For example, it is very
difficult to teach the PROCEDURE for using an auto-injector to a novice lay USER based on
printed instructions alone. To convey adequately the sound and physical actions involved in
delivering an injection, video and audio have many advantages over print. Reference [17]
provides substantial guidance on the selection of media.

Detailed design guidance is available for the design of specific types of training materials.
Refergnces [4], [17] and [24] provide detailed USABILITY ENGINEERING design guidanee-on print
and e]ectronic USER manuals as well as quick-start guides and reminder cards. The guiflance
includes information on the organization of the material as well as the wording‘and formatting
ructions. Additional detailed design guidance can be found in reference [25]. Fjnally,
USABILITY ENGINEERING guidance on the design of multi-media training>»and instructjon is
availgble in references [17], [26], [27] and [28].

15.5. Training
Althoygh the MANUFACTURER might view training as something to be developed once a
MEDICAL DEVICE development effort is near completion, it is Useful to consider training early in
the DEVELOPMENT PROCESS. For example, it is important/io determine if all, some, or ngne of
the intended USERS are intended to be trained prior 0 ‘Using the given MEDICAL DEVICE[ This
ination could have a strong influence on the degree to which the given MEDICAL QEVICE
be easily understandable to a first-time\"USER or require a predefined leyel of

to us¢ an unfamiliar MEDICAL DEVICE based only on intuition or related experiences. However,
the MANUFACTURER neither assume that trainees will immediately master a given MEDICAL
, nor that they will recall all of the important details at the time at which they nged to
e MEDICAL DEVICE. ‘While the time period between training and actual MEDICAL QEVICE
use njight be just a few hours in some cases, in other cases the gap could be a few menths,
during which traine€s might forget or confuse portions of what they learned about using the
MEDICJAL DEVICE.

When| defining” an appropriate level of training, the MANUFACTURER clarify the following
questlons(

a) Whg 2Mong the intended USERS (dnfinnd h‘,’ Group-or sub grnnp) are-intended-to réceive

training?

b) When in the course of a USER introduction to the MEDICAL DEVICE formal training should
occur?

¢) How much training will be provided and how many sessions are needed?
d) The training media (e.g. documents, slideshows, videos)?
e) Who will provide the training (e.g. MANUFACTURER-employed nurse educator, salesperson)?

f) What topics training will cover to ensure that all necessary HAZARD-RELATED USE
SCENARIOS are addressed?

g) What competency checks (if any) should be performed to confirm that the trainee is
prepared to operate the MEDICAL DEVICE safely and effectively?

h) How much time might pass between training and actual MEDICAL DEVICE use (i.e. the
period of time during which the learning from training could decay)?
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i) Is there a need for recurrent training sessions?

The MANUFACTURER should document the assumptions and intentions listed above in a training
plan that can serve as a foundation for writing USER INTERFACE REQUIREMENTS — particularly
related to initial MEDICAL DEVICE use and analysis of HAZARD-RELATED USE SCENARIOS. The
training plan can subsequently serve as a basis for developing the actual training curriculum.
Also, the plan can guide decisions regarding what kind of training (if any) to give USABILITY
TEST participants.

MANUFACTURERS should ensure through testing that the training materials, in addition to being
effective, do not create additional HAZARDS or HAZARDOUS SITUATIONS to the PATIENT or USER.

15.6 |Develop detailed designs

The rlext step in the MEDICAL DEVICE design PROCESS is to develop detailed and integrated
softwa@re and hardware USER INTERFACE designs, as well as the training materials-and trgining.
items can be simple or complex. These designs should evolve,from preliminary
concgpts to a refined design by means of iterative development efforts and evaluation 1T;e:‘forts

il for

verification requires the MANUFACTURER to confirm\\that the MEDICAL DEVICE design
ms to each element of the previously established §pecifications. Design verificatidn is a
ment of the product realization PROCESS requirements of a quality management
. [9] Since the USER INTERFACE is part_.of. the MEDICAL DEVICE, these PRPCESS
ments suggest that the MANUFACTURER verifies the USER INTERFACE against the| USER
ACE SPECIFICATION. This verification is not part of the USABILITY ENGINEERING PRPCESS
ments of IEC 62366-1:2015.

verification of the USER INFERFACE involves confirming that USER INTERFACE
REQUIREMENTS—for example, overal| MEDICAL DEVICE dimensions, display parameters sych as

font dize or luminance, control parameters such a button resistance and computer-int¢rface
parameters such as response. time—are met. It is restricted to those verifiable parameters
that not require USABILITY/TESTS to determine that they are met, which, in practice, means
that they do not entail behavioural specifications, such as the time required to learn a

PROCKEDURE.

Desigp verification_'of the USER INTERFACE is typically integrated into design verification
activities of the product realization PROCESS. This should be done, when possible, to support a
consistent and-proper level of effort.

Verifi¢ation/of the USER INTERFACE also can be a part of the verification of EFFECTIVENESS or
implefentation of RISK CONTROL measures as required by ISO 14971 (e.g. verification of a
maximum limit of force, implemented to reduce a use-related RISK). Note that verification of
EFFECTIVENESS of @ RISK CONTROL measure can also involve USABILITY TESTS, wWhich is outside
the scope of the design verification.

16 Perform FORMATIVE EVALUATIONS

16.1 Conduct multiple FORMATIVE EVALUATIONS

A FORMATIVE EVALUATION seeks to evaluate USER INTERFACE designs during their development
(i.e. during their “formation”) rather than when they are considered complete. A FORMATIVE
EVALUATION can be a simple activity, noting that the goal is to learn about design solutions’
strengths and opportunities for improvement. FORMATIVE EVALUATIONS usually takes the form
of USABILITY TESTS (see 16.2.4), cognitive walkthroughs (see 16.2.3), expert reviews (see E.7),
and other evaluation techniques. FORMATIVE EVALUATION can support MEDICAL DEVICE concept
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development, refinement and inform various types of design decisions. FORMATIVE EVALUATION
is most beneficial when conducted iteratively throughout the development of the MEDICAL
DEVICE.

FORMATIVE EVALUATIONS are completed prior to the SUMMATIVE EVALUATION and should be
initiated early in the MEDICAL DEVICE research and development cycle. At an early stage of
USER INTERFACE design, FORMATIVE EVALUATION serves to identify design strengths and
opportunities for improvement. At the latter stage of USER INTERFACE design, FORMATIVE
EVALUATION enables the MANUFACTURER to determine whether the MEDICAL DEVICE meets
SAFETY, USABILITY, USER and business needs and ultimately supports successful SUMMATIVE
EVALUATION of the MEDICAL DEVICE.

It is expected that FORMATIVE EVALUATIONS occur iteratively so that the MANUFACTURER can
identify USER interaction problems and implement effective solutions prior to the \SUMMATIVE
EVALUATION.

FORMATIVE EVALUATIONS usually include TASKS or HAZARD-RELATED USE SCENARIOS in whidh USE
ERRORS could occur and help to determine if the RISK CONTROLS desjgned into the MEDICAL
DEVICE have been successful.

FORMATIVE EVALUATION data can include:

a) cystomer preference survey responses;
b) fofus group participants’ inputs (i.e. comments);

C) USABILITY TEST participants’ comments, made while“performing hands-on TASKS as well as
upon reflection on their TASK performance afterward; and

d) USABILITY TEST participants’ ratings and rankings pertaining to hands-on TASKS, specific
MEDICAL DEVICE characteristics and the MEDICAL DEVICE in general.

The MANUFACTURER is required by IEC62366-1:2015 to establish and maintain a|USER
INTERFACE EVALUATION plan to guide FORMATIVE EVALUATIONS. Results should be documented
in a test report supported by raw .and processed data sets (e.g. a spread sheet contpining
TASK |performance data) and, if collected, video recordings and photographs of th¢ test
sessigpns. Design shortcomings.identified during testing should be formally tracked to gnsure
they gre resolved and re-evaluated as needed.

It is g best practice for MANUFACTURERS to conduct enough FORMATIVE EVALUATIONS prigr to a
SUMMATIVE EVALUATION,t0 minimize the likelihood of discovering new problems. The god|l is to
condyct FORMATIVE\EVALUATIONS at a time in the development PROCESS when they can Have a
greater level afkinfluence on the USER INTERFACE design. Performing only the minimum
possilble amount of USABILITY ENGINEERING at the end of the development PROCESS, g time
when|designs are relatively inflexible and MANUFACTURERS are hesitant to change a|USER
INTERFACE-increases the likelihood that the SUMMATIVE EVALUATION will discover that thT use-

related RISKS have not been adequately controlled.

FORMATIVE EVALUATION also can focus on any aspect of USER interaction with a MEDICAL DEVICE
that concerns a MANUFACTURER, including interactions influencing USER satisfaction and those
that could affect a MEDICAL DEVICE’S commercial success.

16.2 Recommended methods for FORMATIVE EVALUATION
16.2.1 General

There are number of methods available to conduct FORMATIVE EVALUATIONS. The most
commonly used methods are:

a) various types of reviews, such as

— expert reviews (E.7),
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— standards reviews (E.17), and

— heuristic analyses (16.2.2 and E.11);
b) cognitive walkthroughs (16.2.3 and E.4); and
C) USABILITY TESTS (16.2.4).

16.2.2 Conduct heuristic analysis

During design development, the MANUFACTURER intermittently assess (i.e. inspect or audit) the
evolving USER INTERFACE design based on established design principles. The assessment (the
aforementioned USER INTERFACE inspections) can be conducted in either a simple or elaborate
mann?r, and be based on established USABILITY ENGINEERING principles and MEDICAL DEVICE-
specific USER INTERFACE REQUIREMENTS. Such assessments are an effective way to-detect
desigh shortcomings at a stage when it is relatively easy and inexpensive to fixthem as
compared to fixing them when a design is presumably complete.

16.2.3 Conduct cognitive walkthrough

A cognitive walkthrough can be the first step taken to obtain USER feedback on a MEDICAL
DEVICE’S USER INTERFACE. The technique calls for a MANUFACTURER to)present its early design
solutipn to a relatively small number of people, one at a time in sessions that might be brief or
extengled, noting that an hour-long session is not uncommon when only a lower-FIDELITY] USER
INTERFACE prototype (e.g. model) is available. The early desigh¢solution might take the form of
a stofyboard (e.g. a series of printed screens) or computer-based SIMULATION, pgrhaps
complemented by a physical model. The technique/depends on research participants,
repregsenting USERS, thinking through and verbalizing<heir thoughts, reactions and imggined
actiorls based on static or marginally interactive representations of the early design solution.
In place of touching a physical control, the participant would describe the control action and
the tgst moderator would describe the MEDICALDEVICE'S response, or perhaps swap one
drawipg for another one that depicts the MEDIGAL DEVICE’S new state.

16.2.4 Conduct USABILITY TESTS

USABILITY TESTS involve observing USERS while they perform TASKS with the MEDICAL DEVICE.

USABILITY TESTS involve recruiting USERS of a specific USER GROUP and asking those USERS to
complete a set of TASKS. The*test moderator conducts the USABILITY TEST via a test script. The
sessign can be recorded\ through audio and video to enable later review to confirm or
supplement data collected during the test session.

UsABILITY TESTS are usually conducted with representative USERS performing specific TASKS of
interept or follewing TASk-based USE SCENARIOS that involve important MEDICAL QEVICE
functipns. USABILITY TESTS are normally conducted in simulated-use conditions that |could
affect|the(USERS’ interactions with the MEDICAL DEVICE. For some USABILITY TESTS, USERY need
to hajpvespecific domain, product or application-specific knowledge and experiencg. For
exampte—when—testing—a—diabetes—maragemen software—app—it—ecamr—be—nformative—t0 use
participants who have been using paper-based RECORDS to manage their diabetes for many
years.

Choosing an appropriate sample size is a key consideration when planning FORMATIVE
EVALUATIONS and SUMMATIVE EVALUATIONS (i.e. USABILITY TESTS). USABILITY TESTS for
FORMATIVE EVALUATIONS can be beneficial using a small sample (e.g. 5-8) of test participants
representing the entire USER population. Many USABILITY SPECIALISTS recommend small
sample sizes when conducting FORMATIVE EVALUATIONS because it is usually sufficient to
uncover major USER INTERFACE design issues. Sample size is more thoroughly discussed in
Annex A of AAMI HE-75:2009 [4] and reference [30]. Standard practice and supporting
research studies suggest that after five participants are tested, the law of diminishing returns
applies, where participants will identify the same design shortcomings with increasing little
additional UsABILITY information gained from each additional participant. Annex K contains
additional information regarding sample size.
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A USABILITY TEST can be conducted on one or more prototypes with varying degrees of
FIDELITY such as paper sketches, wireframes, hardware or software mock-ups, a functional
prototype or a completed MEDICAL DEVICE. A MANUFACTURER can also conduct USABILITY TESTS
on similar MEDICAL DEVICES on the market to understand their strengths and weaknesses.
Additional information on USABILITY TESTS of MEDICAL DEVICES is provided in reference [31].

16.3 Analysis of FORMATIVE EVALUATION results

Table 6 presents example USE ERRORS that could arise from USER INTERFACE design
shortcomings and suboptimal characteristics and be uncovered during FORMATIVE EVALUATION.
Certain USE ERRORS that might appear to have been caused by the USER can ultimately be

traced_to_a dpqign thrtr‘nming Gaoad dpeigne take into cansideration and limit the pa ential
effectg of human fallibilities, including such common and predictable ones as forgetjing a
procefural detail or overlooking a visual indication.
Table 6 — USE ERRORS caused by sample USER INTERFACE design shortcomings
USE ERROR USER INTERFACE design shortcomings

USER|presses the wrong button. Push buttons on a control,panel are too closely spjaced.

UsER|misinterprets the icon and selects the wrong Two icons on a software 'screen look too similar.

functipn.

USER|enters incorrect sequence and fails to initiate A USER INTERFACE\r€quires a complex, lengthy, and

therapy. arbitrary sequenee of button pushes to initiate a

therapy.

UsER|repeatedly opens the door and presses the Infusion,pump displays misleading “Open Door-R¢gset”

reset key instead of clearing air from the infusion line. | message when air is in the infusion line.

USERS$ fail to detect a dangerous increase in heart UsEeR-adjusted high and low ALARM LIMITS on a heart-

rate because ALARM LIMIT is set too high and USERS rate monitor are not continuously displayed.

do nof look at MEDICAL DEVICE display because they

are oyer-reliant on the ALARM SYSTEM.

USER|cracks catheter connector during catheter Typical USER-applied force exceeds breaking strength

attachment. of catheter connector.

UsER|forgot to replace a critical component.when The MEDICAL DEVICE could be assembled and pow¢red-

reasspmbling a MEDICAL DEVICE after cleaning it. up with a critical component missing.

UsER|ignored a warning label telling the USER to The MEDICAL DEVICE did not require the USER to confirm

disconnect the PATIENT tube before turning the PATIENT disconnection before powering-off.

MEDIGAL DEVICE off.

UseR|disregarded a warning/symbol and allowed a The warning symbol was not sufficiently attention-

portalple MEDICAL DEVICE to run out of battery power. getting.

UseR|forgot to confirm*the new parameter settings. The MEDICAL DEVICE reset the parameters to the
previous settings after “timing-out” without notifying the
USER that the new settings had been discarded and the

previous ones were in effect or asking the USER to
confirm the new settings.

The MANUFACTURER should continue to iterate the design and perform FORMATIVE EVALUATION
until it is believed that all use-related RISKS have been adequately controlled, no further
refinement is needed and the MEDICAL DEVICE is ready to proceed to SUMMATIVE EVALUATION.

17 Perform SUMMATIVE EVALUATION

17.1 General

The purpose of a SUMMATIVE EVALUATION is to evaluate the USABILITY of the USER INTERFACE as
it relates to the successful completion of the TASKS associated with the HAZARD-RELATED USE
SCENARIOS. A SUMMATIVE EVALUATION has no testable requirements in the sense used with a
laboratory test. It is an evaluation of data that usually includes USABILITY TEST data. The
requirement is that the data from the SUMMATIVE EVALUATION allows the MANUFACTURER to
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conclude that no further improvement of the USER INTERFACE is necessary or practicable.
These results are then transferred to the RISK MANAGEMENT PROCESS to determine whether the
RESIDUAL RISK is acceptable.

A SUMMATIVE EVALUATION usually follows one or more FORMATIVE EVALUATIONS. A successful
SUMMATIVE EVALUATION demonstrates that a MEDICAL DEVICE is not vulnerable to potentially
harmful USE ERRORS. However, a SUMMATIVE EVALUATION might reveal that a MEDICAL DEVICE
remains vulnerable to potentially harmful USE ERRORS, either because USABILITY TEST
participants committed USE ERRORS on HAZARD-RELATED USE SCENARIOS or because testing
revealed a pattern of CLOSE CALLS. Such USABILITY TEST results indicate the need for further
USER INTERFACE improvement and re-testing unless RESIDUAL RISKS are deemed to be
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TIVE EVALUATION generally involves performing a USABILITY TEST under conditig
ted use.

LE 1 A USABILITY TEST of a MEDICAL DEVICE using a manikin as the PATIENT.

LE 2 A USABILITY TEST on an injection MEDICAL DEVICE that does not contain a heedle or any drug.

bme MEDICAL DEVICES, it can be difficult to conduct a USABINTY TEST because it
cable to simulate the use and it is unethical to conduct a USABILITY TEST in actual u
cases, it can be justifiable to use other evaluation methods.

LE 3 Expert and highly experienced cardiac surgeons can perform an expert review of a very spe
surgical instrument where an empirical performance bas€dySUMMATIVE EVALUATION by USABILITY
rgery success cannot be practically simulated.

pnally, expert reviews can be considered when the scope of the SUMMATIVE EVALU
ted to minor changes to the USER INTERFACE that do not involve HAZARD-RELATE
RIOS associated with serious HARM ori\in the case where the MEDICAL DEVICE h
D-RELATED USE SCENARIOS.

| ITY TEST participants includey appropriately screened representatives of the
AL DEVICE'S distinct USER GROUPS (e.g. PATIENTS, nurses, and technicians who mi
home dialysis machine){_JA typical USABILITY TEST protocol calls for participa

ying the goal of obsérving USERS interact realistically with a MEDICAL DEVICE, W
ly delivering medical*care, sometimes requires elaborate USE ENVIRONMENT SIMUL

| ITY TEST data collected should include:
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Wise, USABILITY-TESTS can take place in a SIMULATION laboratory or even a confgrence

scriptions of ohserved LISE ERRORS _CIOSE CAILS and use difficulties:

c) participants' comments (e.g. anecdotal remarks) about their MEDICAL DEVICE interactions;
and

d) participants' reported root causes of their USE ERRORS and CLOSE CALLS.

USABILITY TEST data also can include:

e) subjective ratings about the USER INTERFACE, if a MANUFACTURER wants to assess MEDICAL
DEVICE attributes not related to SAFETY, such as USER satisfaction.

17.2

Conduct a SUMMATIVE EVALUATION

A SUMMATIVE EVALUATION is a formal activity that follows a USER INTERFACE EVALUATION plan.
The testing should follow the plan as precisely as possible. Any deviations from the plan
should be cited in the associated test report.
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Ultimately, there is one SUMMATIVE EVALUATION. If new problems are found or known problems
persist in a SUMMATIVE EVALUATION, the evaluation is redefined to be one more in the series of
FORMATIVE EVALUATIONS. In such a case, the MANUFACTURER should make the necessary
design refinements and then conduct a SUMMATIVE EVALUATION.

USABILITY TESTS for SUMMATIVE EVALUATIONS are qualitative investigations that can be reported
in the form of objective data from observations of USER interactions with the USER INTERFACE
and their descriptions of their experiences afterward. These data can be supplemented with
statistics, but only simple descriptive statistics (e.g. USE ERROR counts, TASK fimes) rather
than inferential statistics (i.e. confidence limits, standard error measurements, statistical
significance, Type | or Il error rates, etc.).

To evialuate the USABILITY of a MEDICAL DEVICE as it relates to SAFETY, a USABILITY [TES[ in a
SUMMATIVE EVALUATION should have an appropriate probability of observing a-USE ERROR
causdd by a design defect. The number of participants used in the test (sample size) dffects
the probability of observation. For example, using the methodology of Annex K,Yassuming for
a USER GROUP that a USE ERROR occurs with a probability of 15 % for a single-test partigipant,
this UBE ERROR would be observed with a probability of 91 % when the sample size is 15 test
partic|pants.

To ddtermine the appropriate sample size, the MANUFACTURER should consider the potential
consegquences of USE ERROR, the complexity of the design and.degree of similarity to existing
MEDICAL DEVICES as well as the expected heterogeneity of«each USER GROUP. Confidejwe in
the tgst findings of the adequacy of a USER INTERFACE, increases when the sample dize is
incregsed.

The primary reasons for increasing sample sizes would be to:

a) reyveal expectedly subtle USER INTERFACE désign shortcomings;

b) inpolve people with a wider range of secondary selection characteristics; and

c) draw incrementally more reliable conclusions about a design's merits when one exXpects
TASK performance and USER preference to vary widely.

Test fesults should be documented in a report, which can be augmented by rawy and
procepsed data sets (e.g./av'spreadsheet containing data) and video recordingg and
photographs of the test sessions, presuming that the MANUFACTURER obtains permission from
the tept participants to use\their images.

17.3 | Data collection
17.3.1 General

UsABILITY(TEST data collection to support evidence that the “MEDICAL DEVICE, as designed, can
be usedisafely and effectively” includes USABILITY TEST participant:

a) performance data (observational); and
b) comments (subjective).

Observational and subjective data are complementary inputs to assessing adequacy,
strengths, weaknesses, SAFETY and EFFECTIVENESS of the USER INTERFACE. USE ERRORS are
investigated and explained such that subjective assessment by USABILITY TEST participants is
used to help identify the root cause of each observed USE ERROR. Additional information is
found in 17.3.3.

17.3.2 Observational data

During a USABILITY TEST for SUMMATIVE EVALUATION, the test participants are asked to perform
the USE SCENARIOS previously selected (see Clause 12).


https://iecnorm.com/api/?name=238d53394b030a11f85990553c50a7de

- 58 - IEC TR 62366-2:2016 © IEC 2016

While they perform each USE SCENARIO, the study moderator should observe the test
participants and record their performance on each study TASK and sub-TAsSK or step as one of
the following: CORRECT USE, USE ERROR, CLOSE CALL or use difficulty. It is important to collect
the observational data at a sufficient level of interaction detail to enable identification of the
source of any use problems that occur.

During the SUMMATIVE EVALUATION session, it is important that the moderator not influence the
participants’ behaviour. The purpose of SUMMATIVE EVALUATION is to approximate realistic use
situations so as to learn how USERS are likely to interact with the MEDICAL DEVICE in actual use.
The moderator should be neutral to the outcome of the test and seek to ascertain the truth.
For example, the moderator should not ask the participant to “think aloud” because this
interferes—with—realistic—use—however the moderatorshould record—any comments the

partic|pant makes spontaneously, if any.

Sometimes it is difficult to avoid the occurrence of test participant behaviour that'is’cauged by
the atrtificial nature of simulated use. For example, test participants sometimes/fail to check
the expiration date of a medication because they do not expect it to have éxpired or befause
it do¢gs not matter since the medication is not actually deliverednto a PATIENT| The
MANUIACTURER should seek to minimize the occurrence of such evenis (sometimes falled
“test artefacts”) but if the events are unavoidable, these aspects of the~USER INTERFACE dan be
assesised through KNOWLEDGE TASK STUDIES (see 17.3.3.6).

Not a|l observational data is necessarily objective. Some assessments of USER behaviopr are
a subjective interpretation of an observation based on professional expertise and expefrience
of the|USABILITY SPECIALIST.

17.3.3 Subjective data
17.3.3.1 General

Subjertive data should be collected throagh debriefing interviews with the test partic|pants
followjing a USABILITY TEST performed f6f SUMMATIVE EVALUATION. Simply counting the USE
ERRORS does not support understanding of the root cause of a USE ERROR, which can b¢ only
undergtood with clarification derived-from the perspective of the test participants involvefd with
the USE ERROR.

AY”2NY %

Post PSABILITY TEST interview data can be used to establish the root causes where USERS
were [observed to commit' a USE ERROR, experience CLOSE CALLS or have use diffi¢ulties
completing important-USER TASKS. Post USABILITY TEST interview data is often the best or only
availgble data fortassessing USE ERRORS, CLOSE CALLS or use difficulties that occurrgd but
were pot obseryed during testing. The purpose of the interview is to identify unobserveld use
problems and also any errors in perception or cognition that the test participants might have
made| because such errors are not observable. Obtaining the USER’S perspective |in an
intervlew provides information to help determine whether the observed USE ERROR, CLOSE CALL
or usendifficulty might have been caused by an error of perception or cognition. It i$ also
essenfial for determining whether previously unknown use-related HAZARDS exist in the design
of the USER INTERFACE.

Post USABILITY TEST interview data collection should be “active” rather than “passive” such that
test participants are asked questions directly by test moderators rather than being simply
allowed to comment voluntarily, given rating scale instruments or invited to respond to
electronic questionnaires or surveys. Care needs to be taken to ask the questions in an
unbiased way so as to not lead the participants.

17.3.3.2 Impression of the overall use of the MEDICAL DEVICE

Test participants should be asked and allowed to respond. This data is valuable because
USERS can be aware of specific concerns as well as positive impressions regarding their use
of the MEDICAL DEVICE that are valuable for evaluating the SAFETY and EFFECTIVENESS of use
as well as ease of use and USER satisfaction.
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17.3.3.3 Instances of confusion or difficulty

Test participants should be asked and allowed to respond. This data is valuable because
USERS can be aware of specific concerns as well as positive impressions regarding their use
of the MEDICAL DEVICE that are valuable for evaluating the SAFETY and EFFECTIVENESS of use
as well as ease of use and USER satisfaction.

17.3.3.4 USE ERRORS and CLOSE CALLS observed during simulated use testing

USE ERRORS, which occur during simulated use USABILITY TESTS, should be followed up by
collecting subjective data to enable clarification and root cause analysis of the USE ERROR that
includ ntial experien nd insight from test participants. Likewi USE ERRORS should
imilarly followed up as well as to determine if previously unknown use-related HAZARDS
n the design of the USER INTERFACE.

17.3.3.5 CLOSE CALLS (not observed)

Test participants should be asked whether they experienced CLOSE CALLS-since the fLOSE
CALL ¢an be “cognitive” and might not have been observable. If test participants repor{ such
CLOSH CALLS, the interview should proceed to 17.3.3.4.

17.3.3.6 KNOWLEDGE TASK STUDY data

Some| HAZARD-RELATED USE SCENARIOS cannot be evaluated-by only using observation if [TASKS
involvie important knowledge USERS need to operate the #4EDICAL DEVICE SAFELY and effegtively.
KNOWLEDGE TASK STUDIES assess the content of the ACCOMPANYING DOCUMENTATION as it would
be typically used by USERS during actual use and the€ knowledge that is necessary for USERS
to engble safe and effective use of the MEDICAL DEVICE.

17.4 |Data analysis

It is gommon for SUMMATIVE EVALUATIONS to result in the occurrence of some USE ERRORS,
CLOSH CALLS and use difficulties suggesting that no MEDICAL DEVICE or its USERS are perfect.
USE ERRORS, CLOSE CALLS and use 'difficulties can reflect USER INTERFACE design shortcomings
(i.e. flaws). Sometimes, they reflest shortcomings in the test participants’ behaviour, sych as
consgious disregard for the instructions for use, which are not necessarily related to thel USER
INTERFACE design or within the/MEDICAL DEVICE MANUFACTURER'S control.

Althoygh human beings)are imperfect, it is inappropriate to blame the USER when proplems
occur|during SUMMATIVE EVALUATION. The key in any analysis of USE ERRORS, CLOSE CALLS or
use dffficulties is«torintensely search for a design-based root cause before attributing the USE
ERROR to the USER.

UsABILITY(TESTS are mostly qualitative rather than a statistically based activity. Any and all
USABILITY, problems uncovered, particularly those found in a SUMMATIVE EVALUATION, shotlld be
thoro gniy analysed (0 daetermine root causSes, and nelr impact on HAZARD-RECATED USE
SCENARIOS should be carefully considered. Regardless of the root cause(s), the
MANUFACTURER should conduct a follow-up RISK ANALYSIS of all USE ERRORS, CLOSE CALLS and
use difficulties that arise during a SUMMATIVE EVALUATION. Root cause analysis of MEDICAL
DEVICE USE ERRORS is discussed in detail in reference [32].

The MANUFACTURER should look for any new USE ERRORS or interaction difficulties that would
suggest the need for a design change. If new HAZARDS, HAZARDOUS SITUATIONS Or HAZARD-
RELATED USE SCENARIOS are discovered or improvement is necessary and practicable, then
IEC 62366-1:2015 instructs the MANUFACTURER to perform additional USABILITY ENGINEERING
effort.

Alternatively, this analysis might determine that no improvement is necessary and practicable
for the tested MEDICAL DEVICE. IEC 62366-1:2015 then instructs the MANUFACTURER to perform
a RESIDUAL RISK EVALUATION according to ISO 14971:2007.
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Modifications of the USER INTERFACE implemented after a SUMMATIVE EVALUATION require
follow-up USABILITY EVALUATION. If the change is minor, a desktop analysis might be a
sufficient means of confirmation, but only if the modification does not increase the use-related
RISK and does not create the potential for new use difficulties.

EXAMPLE 1 Revising an on-screen prompt's wording.

EXAMPLE 2 Graphically enhancing a warning by capitalizing the signal word "WARNING".
EXAMPLE 3 Change in logo or branding.

However, even such minor modifications might warrant follow-up USABILITY TESTS, particularly
to confirm that a previously detected USER interaction problem has been resolved. For
example, if an initial USABILITY TEST showed that USERS misread a button label, the
MANUFACTURER would probably need to conduct a follow-up test to demonstrate 'thai they
could|reliably read the new button labels.

More pften, and particularly regarding major design modifications, the best way to confirpn that
use-rg¢lated RISKS have been adequately controlled is to conduct a foloew-up SUMMATIVE
EVALUATION. RISK CONTROLS with far-reaching effects on USER interactions might wparrant
condycting a complete SUMMATIVE EVALUATION, essentially repeatingjthe previous SUMMATIVE
EVALUATION that is redefined as a FORMATIVE EVALUATION. For smafl _modifications with I{mited
effects on USER interaction, a smaller scale, supplemental USABILITY TEST involving fewer test
partic|pants and perhaps fewer TASKS than the initial SUMMATIVE'EVALUATION can be suffigient.

In unyisual cases, the MANUFACTURER might need to study the MEDICAL DEVICE in actual use.
Such studies are likely to involve unobtrusive observation of USER-MEDICAL DEVICE interagtions,
and gossibly follow-up interviews with the MEDICALDEVICE USERS, over a longer perfod of
MEDICAL DEVICE use than is common in simulated-use testing. Annex F contains add|tional
information.

Sample USE ERRORS and possible root causes for those USE ERRORS are listed in Tdble 7.
While|in this example the USE ERRORS afe described briefly and in a generic manner, actual
USE ERROR descriptions should be described in as much detail as possible.

Table 7 — Sample USE ERRORS and their root causes

Sample USE.ERROR

Sample root cause for the USE ERROR

1 parficipant (1 nurse) did(not*properly secure the
syrinde in its holder

O

The syringe clamp required relatively high force t
secure the syringe. The nurse tried to engage the
clamp, but was not able to apply enough force.

3 parfiicipants (1 nurse, 2 PATIENTS) stopped the
treatment rather than pausing the treatment

All three USERS drew upon prior experience usingla
similar MEDICAL DEVICE to operate the new MEDICAL
DEVICE, but the new MEDICAL DEVICE did not work fthe
same way (i.e. there was negative transfer).

1 parficipant (1 technician) programmed ten times the

Small text on the display was illegible to the USER

intended dose because he did not add a decimal point
when entering the prescribed flow rate

who had minor vision impairment (mild cataract). He
didn’t realize the decimal point was missing.

1 participant (1 PATIENT) did not detect (i.e. notice)
that the MEDICAL DEVICE stopped even though the
MEDICAL DEVICE repeatedly presented a high-frequency
ALARM SIGNAL

ALARM SIGNAL frequency too high to be heard by
individual with high frequency hearing loss
(presbycusis).

2 participants (1 physician, 1 nurse) did not connect
the line to the port

USABILITY TEST artefact: The test participant
misunderstood the TASK posed by the test moderator.

NOTE UsaABILITY TEST artefacts are actions induced by an
artificiality that would not be present in an actual Use
SCENARIO.
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18 Document the USABILITY ENGINEERING project

A USABILITY ENGINEERING report can be created to summarize the USABILITY ENGINEERING
project for the purposes of communicating with internal and external stakeholders. Importantly,
a USABILITY ENGINEERING report is not the same as a SUMMATIVE EVALUATION report, but a
USABILITY ENGINEERING report should cite SUMMATIVE EVALUATION results. Such a report should
include:

a) an executive summary;

b) a summary of the USE SPECIFICATION;

C) a description of the IISER INTERFACE

d)

summary of known use problems;

e) escription of the HAZARD-RELATED USE SCENARIOS evaluated and why they were chpsen;

g) summary of the SUMMATIVE EVALUATION; and

a
a

f) apummary of FORMATIVE EVALUATIONS;
a

h) a

conclusion.

Annex D provides additional information regarding USABILITY”ENGINEERING projeci end
produrts.

19 POST-PRODUCTION review and analysis

According to ISO 14971, POST-PRODUCTION surveillance is required by the RISK MANAGEMENT
PROCESS. This includes evaluating data related to USE ERROR in order to identify strengths and
short¢gomings of the USER INTERFACE. However, thé PROCESS of POST-PRODUCTION surveiflance
is notlincluded in IEC 62366-1. The design and’development PROCESS in IEC 62366-1 for the
desigh and development of a MEDICAL DEVIGE“ends prior to the POST-PRODUCTION stage.

The HOST-PRODUCTION surveillance PROCESS can provide a rich pool of customer coniplaint
data that can be used to support USABILITY ENGINEERING activities. MANUFACTURERS can use
these|data to identify use-related-problems, including those related to USE ERROR. To|l most
MANUKACTURERS, this PROCESS\JS not new, but it can often be enhanced by collecting| more
details about events that occur.

In gemeral, USE ERRQRS)in the field are underreported. This can in part be attributed fo the
worklpad involved for’RESPONSIBLE ORGANIZATIONS to file reports and the effort needed by a
lay USER to file atfeamplaint. MANUFACTURERS should include in the instructions for use cpntact
information for-USERS to report ADVERSE EVENTS and complaints.

According.to IEC 62366-1, all USE ERRORS should be identified in USABILITY EVALUATION luring
develppment. Despite this effort, a MANUFACTURER can attempt to identify prevjously
unidentitied USE ERRORS aiter placing the MEDICAL DEVICE on the market. An example Is test
market evaluation of new products. This evaluation is usually a limited launch with very tight
control of where and to whom the product is initially provided. This effort can allow early
intervention on these USE ERRORS, before they cause HARM.

Preparing the specific tools for collecting and managing USE ERROR will be unique for each
MANUFACTURER, driven by the RISK associated with use of the MEDICAL DEVICE and the
PROCESSES and systems that the MANUFACTURER has available for collecting information.

To fully capture all of the necessary information related to a use-related event, the
MANUFACTURER should collect answers to the following questions:

a) What happened (i.e. what was the unexpected or unwanted result)?
b) Was there PATIENT or USER HARM?
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c¢) Who was the USER (i.e. which USER PROFILE)?

d) What did the USER intend to do (i.e. what TASKS and what USE SCENARIO)?

e) What did the USER do? Were workarounds necessary?

2016

f) Where did the event happen? Describe the environmental conditions (i.e. what USE
ENVIRONMENT).

g) What other contributing elements, such as other MEDICAL DEVICES if any were being used

at

the time of the event?

Some of this information is sometimes missing in actual filed complaints. When this happens,

those

initiating a complaint should be asked to provide this information.

The
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Criteria for initiating action should in any case include whether:

— the USE ERROR is determined to be new (not previously identified); or

— the report of this USE ERROR demonstrates an increased occurrence.

The decision should also take into consideration other sources of information such as
ADVERSE EVENTS or results of literature studies and clinical data (see Annex B). This is
described in both regulation and standards such as ISO 14971.

Even if no action is required, the USE ERROR should still be monitored and trended. And, even
if the USE ERROR is not part of any HAZARD-RELATED USE SCENARIO it should still be monitored
as this can contribute to preference and EFFICIENCY improvements in future product releases.
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Another potential for requiring additional action is the identification of new elements of the use
specification (e.g. a new USER GROUP, a new PATIENT population or new medical indication).

But in most cases, data monitoring and analysis increases the MANUFACTURER'’S
understanding of how the MEDICAL DEVICE is used, which can be useful for developing new
products driving increased USER satisfaction.

Further guidance is found in reference [33].
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Annex A
(informative)

Recommended reading list

The following readings are suggested for those not familiar with USABILITY ENGINEERING.

2016

IEC TR 61258:2008, Guidelines for the development and use of medical electrical equipment
educational materials

ISO
Intern

ISO 7
workp

ISO 9
ISO 9

1ISO 9
(VDT

ISO 1
perfor
essen
stand

EN 1¢
EN 1¢

BEYER
Morga

BrROW|
Wixor
pp. 14

Duma

ational Standards for medical devices

010, Graphical symbols — Safety colours and safety signs — Safety (8igns ug
laces and public areas

P00, Quality management systems — Fundamentals and vocabulaty,

001, Quality management systems — Requirements

) — Part 11: Guidance on usability

£142-1:2016, Medical devices — Recognized “essential principles of safety
mance of medical devices — Part 1: Generalessential principles and additional s

ards

41:2008, Information supplied?,"by the manufacturer of medical de
41:2008/Amd1:2013

, H., HOLTZBLATT, K., (1998) Contextual Design: defining customer-centred sy§
n Kaufmann Publisherg“lhc, San Francisco CA.

N, D. (1996) The challenges of user-based design in a medical device market.
and Ramey (Eds.), Field Methods Casebook for Software Design. New York:
7-176.

EC Guide 63:2072Z, Guide to the development and Inclusion of safely aspetts in

ed in

P41-11:1998, Ergonomic requirements for office waork-'with visual display terminals

and
ecific

tial principles for all non-IVD medical devices and guidance on the selection of

bvices

tems.

In D.
Wiley,

5, J. and 'REDISH, J., (1999) A Practical Guide to Usability Testing (Revised Edition),
Exetef, UKsIntellect.

FLEIS

UMAN E A and QUAINTANCE M K (1084) Taxonomies of human ,nprfnrmnnr‘p'

The

description of human tasks. Orlando: Academic Press.

HAckos, J. and REDISH, J.C. (1998) User and Task Analysis for Interface Design. 605 Third
Avenue, New York, NY 10158-0012: John Wiley & Sons.

KLEIN, G. A., ORASANU, J., CALDERWOOD, R., and ZsamBOK, C. E. (1993) Decision Making in
Action: Models and Methods. Norwood, NJ: Ablex Publishing Corp.

MEISTER, D. (1985) Behavioral Analysis and Measurement Methods. New York: John Wiley &

Sons.

NIELSEN J, (1993) Usability Engineering. San Diego: Academic Press, Inc.


https://iecnorm.com/api/?name=238d53394b030a11f85990553c50a7de

IECT

R 62366-2:2016 © IEC 2016 - 65—

NORMAN, D. (1990) The Design of Everyday Things. New York, NY: Doubleday.

NORMAN, D.A. (2010) Living with complexity. Cambridge: The MIT Press.

REASON, J. (1990) Human Error. Cambridge, England: Cambridge University Press.

REDMILL, F. and RAJAN, J. (1997) Human Factors in Safety-Critical Systems. O
Butterworth-Heinemann.

xford:

Rousg, W. B. (1990) Designing for human error: Concepts for error tolerant systems. In H. R.

Booher (Fr’! ), MANPRINT: An n’n’nrnnnh | 7o) cycfnm infngrnfinn

New York: \V/an Naostrand

Reinh

RUBIN
Tests

SALVE
Wiley

SANDE
McGr

SCHU

old.

, J., (1994) Handbook of Usability Testing: How to Plan, Design, and Conduct Eff
New York, NY, Wiley.

NDY, G. (Editor). (1997) Handbook of Human Factors and Ergonomics. New York
& Sons.

ERS, M., and MccoRMmIcK E., (1993) Human Factors in Engineering and Design. New

aw Hill.

ER, D. and NAMIOKA, A. (1993) Participatory Desigh: Principles and Practices. Hill

NJ: Lawrence Erlbaum Associates.

SHNEIDERMAN, B., PLAISANT, C., COHEN, M. and)JAacoBs, S. (2010). Designing the
Interface: Strategies for Effective Human-Computer Interaction. (5th ed.). Menlo Park
Addispn Wesley.

WEINgTOCK, C. B. and GOODENOUGH, J\\B. (2009). Towards an Assurance Case Practi
Medigal Devices. Pittsburgh: Carnegie Mellon.

ZHANG, J., PATEL, V. L., JOHNSGN/, T. R., CHUNG, P., and TURLEY, J. P. (2005) Evaluatin
predigting patient safety for medical devices with integral information technology. In Adv

in Paffient Safety (vol. 2), Washington, DC: AHRQ. p. 323.

ective

John

York:

sdale,

User
, CA:

ce for

g and
ances



https://iecnorm.com/api/?name=238d53394b030a11f85990553c50a7de

B.1

- 66 - IEC TR 62366-2:2016 © IEC

Annex B
(informative)

External resources to identify known problems

General

2016

A sample of external resources providing access to reports of MEDICAL DEVICE USER INTERFACE
problems leading to HARM are listed below. The sample resources are listed by region, but a
thorough assessment of known problems should have a global reach. This list is not
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issue. Moreover, searching databases using terms such as human factdrsyor USABILITY ENGINEERING

determine if they suggest a pertinent problem to be avoided.
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CIRS Rettung (bundesweites CIRS Netzwerk Rettungs- und Notarztdienst)

BfArM's Field Corrective Actions database, available at
http://www.bfarm.de/SiteGlobals/Forms/Suche/EN/kundeninfo_ Filtersuche Formular en.html?
nn=3497560

B.4 Sweden

Reidar incidents and accidents database, available at http://www.reidar.se

B.5 | Switzerland

CURRENT — Critical Incident Reporting & Reacting NETwork (CH)

B.6 | United Kingdom

NHS's Serious Incident Reporting and Learning Framework (SIRL)~database, availaple at
http://www.nrls.npsa.nhs.uk/report-a-patient-safety-incident/

B.7 | United States

FDA'Y Manufacturer and User Facility Device Expernience (MAUDE) database, availaple at
http:/;www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfnaude/search.cfm.

FDA'Y Medical Device Reporting (MDR) Program Search, available at
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfMDR/Search.cfm.

FDA'Y Adverse Event Reporting Data Files, available at
http://www.fda.gov/MedicalDevicesi{Safety/ReportaProblem/ucm124064.htm.

FDA'Y MedSun: Medical Product Safety Network, available at
http://www.fda.gov/MedicalDevices/Safety/MedSunMedicalProductSafetyNetwork/defaulff.htm.

CDRH Medical Device'\Recalls, available at
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfRES/res.cfm.

CDRH Alerts @and Notices (Medical Devices), available at
http:/;www-fda.gov/MedicalDevices/Safety/AlertsandNotices/default.htm.

CDRH-Rublic-Health-Notifications—available-at

http://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/PublicHealthNotifications/default.
htm.

CDRH Safety Communications, available at:
http://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/default.htm.

ECRI's Medical Device Safety Reports, available at http://www.mdsr.ecri.org/.

The Institute of Safe Medical Practices (ISMP's) Medication Safety Alert Newsletters,
available at http://www.ismp.org/Newsletters/default.asp.

The Joint Commission's Sentinel Events, available at
http://www.jointcommission.org/sentinel event.aspx.
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Annex C
(informative)

Developing USABILITY GOALS for commercial purposes

C.1 General

The main objective according to IEC 62366-1 is USABILITY as it relates to SAFETY, which
implies that purpose for USABILITY EVALUATIONS is to mitigate RISKS associated with CORRECT
USE and USE ERRORS. However for strictly commercial purposes, a MANUFACTURER can
establish USABILITY GOALS for a MEDICAL DEVICE in development because such goeals can
concgntrate USER INTERFACE designers on the important TASK of engineering USABILITY |into a
MEDICAL DEVICE, rather than treating USABILITY as a vague and elusive outcome:-However,
while | establishing and endeavouring to meet such goals is the prefefred USABILITY
ENGINEERING practice, setting USABILITY GOALS is not an essential component of a USABILITY
ENGINEERING project.

Impontantly, evidence that USABILITY GOALS have been met should net be cited as evidence of
accedtable use-related RISK, specifically because data such as TASK performance timels and
subjegtive ratings are not necessarily good indicators of accéptable RISK. For example, a
USABILITY TEST participant might give a MEDICAL DEVICE a high{ating for TASK EFFICIENC)y (i.e.
speed of use), unconscious of having taken quite a long time\to perform the TASK.

The USABILITY GOAL limitation discussed above does ot mean that TASK time is unimpa@rtant.
In fact, in cases such as using an AED to rescue a.pérson in heart failure, TASK time is gritical.
Howe)er, a certain failure rate (i.e. 10 % of USABILKFY TEST participants did not deliver a shock
within| a critical time limit) does not necessarily represent a passing performance ffom a
SAFETlY perspective. Any such failures warran{’a RESIDUAL RISK EVALUATION.

Therel are two basic types of USABILITY GOALS: objective and subjective. They gnable
MANUFACTURERS to assess a MEDICAL.DEVICE’S USABILITY by:

— objectively measuring USERS-TASK performance, and

— Sgeking USERS’ opinions abput the MEDICAL DEVICE, respectively.
Broadly speaking, objective goals carry more weight than subjective goals within a
develppment team because of the value placed on objective performance as compared to
percefved MEDICAL DEVICE performance. However, a MEDICAL DEVICE that scores highly in

objective USABILITYAmeasures can be rejected by USERS based on subjective measures (e.g. if
USERS perceive.a MEDICAL DEVICE to be difficult to use).

C.2 | Objective goals

Objective goals, which tend to carry more weight with development teams expressly because
the goals are more concrete, call for USABILITY SPECIALISTS to observe and document USERS'
performance of MEDICAL DEVICE TASKS. Data collection does not require USERS to express their
opinions about a MEDICAL DEVICE. Rather, researchers can assess USER performance by direct
observation.

Possible TASk performance characteristics include TASK time, TASK completion status (success,
success with assistance (which sometimes is considered a type of failure), the number of USE
ERRORS, and even such subtle events such as hesitations during MEDICAL DEVICE use. Multiple
objective USABILITY GOALS can be written based on a particular characteristic, focusing on
different USER TASKS.

Sample goals for which TASK time is the chosen metric and the target performance levels are
arbitrary i.e. just (for illustration purposes) are:
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— at least 85 % of trained USERS shall be able to prepare the MEDICAL DEVICE to deliver a
treatment in £ 10 min;

— at least 85 % of trained USERS shall be able to "tear-down" the dialysis equipment
following a treatment in < 5 min;

— at least 85 % of trained USERS shall be able to resolve an air-in-blood ALARM CONDITION in
< 2 min.

Establishing goals based on USE ERROR rates can be precarious. The following USABILITY GOAL
pertains to an automated external defibrillator (AED): "90 % of first-time USERS shall
successfully deliver a shock.” At first, this goal sounds reasonable because the target
performance level sounds ambitious. However, the USABILITY GOAL allows for one in ten
attempts To deliver a shock to a person in dire condition to fail. Accordingly, a MANUFACJURER
might|be leery about setting the target performance level at even 99 % rather than 100-%, the
latter |target being more desirable when even one USE ERROR in a real USE SCENARIO |could
lead fo severe injury or death. A better approach is to focus USABILITY GOALS\ON USABILITY-
related matters rather than write USABILITY GOALS suggesting that a certain rate"of USE ERROR
is acdeptable. Some rate of residual USE ERROR might be acceptable basedn the assotiated
RISK ANALYSIS, but it strikes many USABILITY SPECIALISTS as poor practice(to-set USE ERROR rate
USABILITY GOALS per se.

MANUFACTURERS are dissuaded from establishing objective goals focused on the rate of
succelssful TASK completion for the same reason that goals focuSed on USE ERROR ratgs are
probleématic. Such goals conflict with the premise that USE ‘ERRORS and TASK failurgs are
fundamentally unacceptable at any rate, and warrant follow-up RISK ASSESSMENT and pqgssibly
further RISK CONTROL. The exception might be when suych goals pertain to TASKS thall have
absollitely no RISK ramifications but are important frofn & business standpoint.

C.3 | Subjective goals

Subjective goals call for USERS to express-opinions (i.e. describe their perceptions) about the
given|MEDICAL DEVICE, typically by rating the MEDICAL DEVICE according to selected USABILITY
attribytes. Possible USABILITY attributes include ease of use, TASK speed, vulnerability 1o USE
ERROR, and ease of recovering fram a USE ERROR. Multiple subjective USABILITY GOALS dan be
writteh based on a particular attfibute, focusing on different USER TASKS.

Sampfe goals that employ.a 1-7 rating scale (1 = poor, 7 = excellent):
— at|least 80 % trained USERS shall rate the MEDICAL DEVICE'S overall ease of use as p,5 or

bdtter;
— atl|least 80 % USERS shall rate the computer display screens' visual appeal as 5,0 or petter;

— at|least80-% untrained USERS shall rate the usefulness of the online help content as 4,5 or
bdtter!

Note thatthesampfe percerntages anmd averayge Tatings presented-above are oty examples of
how to set target performance levels, rather than benchmarks for general use. Each
MANUFACTURER should set performance levels that are appropriate to the MEDICAL DEVICE in
development. Also, note that USABILITY GOALS might or might not be associated with RISK-
related TASKS; those that could result in negative clinical effects (including injury or death) if
not performed correctly. Regardless, as stated earlier, MANUFACTURERS should not cite
meeting the established goals as evidence of the MEDICAL DEVICE'S acceptable use-related
RISK. The perception of SAFETY is not evidence of SAFETY. Therefore, while the MANUFACTURER
might choose fto measure TASK performance against established USABILITY GOALS during a
SUMMATIVE EVALUATION (i.e. confirmation), the results should be segregated from data
providing evidence of acceptable use-related RISK.

Focused on the commercial and end-USER interests, MANUFACTURERS can choose to write 5 to
10 subjective USABILITY GOALS and 5 to 10 objective USABILITY GOALS, but there is no rule
calling for more or fewer goals. MANUFACTURERS are responsible for establishing appropriate
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acceptance criteria based on their own desired level of quality. Writing more than 10 to 20
total goals might be counterproductive in terms of the effort required to write them and then
track the MEDICAL DEVICE'S performance through the various stages of design and testing.
However, some MEDICAL DEVICES might warrant a more intensive USABILITY GOAL-setting effort.

It is usually best to keep USABILITY GOALS focused on broadly described MEDICAL DEVICE
attributes and major, integrated TASKS, rather than highly specific MEDICAL DEVICE attributes
and sub-TASKS or steps. Target performance levels for USABILITY GOALS can be based on data
collected during benchmark USABILITY TESTS of multiple competing MEDICAL DEVICES and
perhaps interviews with USERS, as well as on expert judgment.

Note {hratestablisShing USABILTTY GOALS and then testing 1o See If a MEDICAL DEVICE meety them
is primarily a way to bring discipline to the PROCESS of engineering USABILITY into a MEDICAL
DEVICE. Setting such goals can help ensure that MANUFACTURERS pay attention t0.& MEDICAL
DEVICE'S USABILITY in addition to its acceptable use-related RISK.
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Annex D
(informative)

USABILITY ENGINEERING project end products

This technical report recommends producing multiple USABILITY ENGINEERING project end
products (listed at the end of each methodology subclause). The key word is “recommends,”
noting that the purpose of this technical report is to promote good USABILITY ENGINEERING
rather than turn the USABILITY ENGINEERING PROCESS into a paperwork generation exercise.
The main objective of any USABILITY ENGINEERING project is to produce a MEDICAL DEVICE that

is saf

end products the AHJ (e.g. EU’s Notified Bodies, testing organizations) might cite as eyvi
pliance with the PROCESS specified in IEC 62366-1:2015. Table D.1 summarize

of co
USABILITY ENGINEERING project end products.

Table D.1 — USABILITY ENGINEERING project end products (1 0f.2)

which
Hence
s the

USABILITY ENGINEERING project activities and end products

Information
recommended
by this technical
report

Informatid
required i
IEC 62366-1:

n

y
2015

Prepdre USE SPECIFICATION

Reports of research conducted (e.g. contextual inquiry, expert
rgviews)

X

UBE SPECIFICATION

X

Identify USER INTERFACE characteristics related to SAFETY and‘\potential USE ERRORS

TRSK ANALYSIS

X

FUNCTION ANALYSIS

X

UBER INTERFACE characteristics related to SAFETY and
pptential USE ERRORS

X

Identify known or foreseeable HAZARDS or HAZARDOUS SITUATIONS

HKZARD analysis

Cpllection and analysis of existing POST-PRODUCTION and
PPST-PRODUCTION surveillance information

Khown or foreseeable(HAZARDS or HAZARDOUS SITUATIONS

Identify and describe HAZARD-RELATED USE SCENARIOS

Rports of regeéarch conducted

HPZARD-RELATED USE SCENARIOS

Selecf HAZARDS or HAZARDOUS SITUATIONS

AhalySis of HAZARD-RELATED USE SCENARIOS

HAZARD-RELATED USE SCENARIOS for SUMMATIVE EVALUATION

Establish USER INTERFACE SPECIFICATION

Analysis of USER needs and preferences

USER INTERFACE SPECIFICATION

Establish USER INTERFACE EVALUATION plan

Plan for FORMATIVE EVALUATION

Plan for SUMMATIVE EVALUATION

USER INTERFACE EVALUATION plan
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Table D.1 (2 of 2)

Information

recommended Information
USABILITY ENGINEERING project activities and end products by this technical required by
report IEC 62366-1:2015

Perform USER INTERFACE design, implementation and FORMATIVE EVALUATION

USER INTERFACE X
Instructional materials X
Materials necessary for training X
F PRMATIVE EVACUATION 185t PTrotocCols, 1T any A
FPRMATIVE EVALUATION USABILITY TEST reports, if any X X

Perfofm SUMMATIVE EVALUATION of the USABILITY of the USER INTERFACE

SUMMATIVE EVALUATION test protocol

SUMMATIVE EVALUATION test report

Documnent the USABILITY ENGINEERING project

UISABILITY ENGINEERING report X
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E.1

Many

Annex E
(informative)

USABILITY ENGINEERING methods

General

methods (i.e. techniques, tools, methodologies) help USABILITY ENGINE

ERING

practitioners design safer and more usable MEDICAL DEVICES. No single method is best in all
situations, and several different ones are typically used during MEDICAL DEVICE design.

Deciilons about which methods should be used at what stages in the design cycle are
on the USABILITY ENGINEERING issues of the design and are best made by. 'USA
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ALISTS.
LITY ENGINEERING techniques, tools, and methodologies that generate objd
ble data are preferred. However, both objective and subjective data~are importan

ehensive understanding of a design’s successful and less successful feature
Cteristics.

USABILITY ENGINEERING activities include information that' might be subject to
ty or privacy rules or regulations these rules have to ‘he”considered and followsg
committee review and informed consent could alse:be required. Such review
Ily performed in advance of USER research, FORMATIVE EVALUATIONS and SUMN
ATIONS because proper human subject protegtion includes ensuring that res
pants have completed a proper consent and.assent form, are aware of their right
vare of any RISKS (including minor ones such-as mental stress) posed by the res
y. The fact that USER research, FORMATIVE EVALUATIONS and SUMMATIVE EVALUA
involve the delivery of actual medical\Care is immaterial. Each person intended
ne MEDICAL DEVICE (e.g. for transportation, storage; installation; operation; mainte
bpair; and disposal) should be treated as potential USER. Annex F provides add
ation on studies in clinical settings.

) site visits, it is advantageous to take video and/or photographs for later refe
ming that the MANUFACTURER obtains the necessary permission(s) to do so and obg
cal privacy requirements regarding the protection of PATIENTS’ identities and
ation. Generally, itlis improper to photograph PATIENTS without permission, as W
graph MEDICAL DEVICES (e.g. PATIENT monitor, MRI scanner) that display informatio
be linked to a'‘particular PATIENT. Sometimes, researchers obtain permission to bl
of research.participants appearing in photographs and videos that can be viewed
audienceithan just the MEDICAL DEVICE development team members.

Annéx) presents several of the major USABILITY ENGINEERING methods in alphal
Table E.1 suggests when specific methods can be applied to greatest effect.
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Table E.1 — Recommended application of USABILITY methods

Method
S 2
S |& |3 | |38 |2
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3 12 - s g = c Z a
® 4 < ° c < 2 < 2
o c o = 0n = o
R= ] 3 a = -
s |8 |8 3 |3
£—4 ¢
Advispry panel reviews E.2 X X X X X X X X
Braingtorm USE SCENARIOS E.3 X X X
Cognitive walkthrough E.4 X X X X
Contgxtual inquiry E.5 X X X X
Day-in-the-life analysis E.6 X X X
Expetfft reviews E.7 X X X X X
FMEA and FTA E.8 X X X X X X X X
Focug groups E.9 X X X X X X
FUNCTION ANALYSIS E.10 X X X X X X
Heurigtic analysis E.11 X X X X X
Obsefvation E.12 X X X X X X
One-qn-one interviews E.13 X X X X X X X
Partidipatory design E.14 X X X
PCA analysis E.15 X X X X X X
SIMUYATION E.16 X X X X X X
Standards reviews E.17 X X X X X
Surveys E.18 X X X X X
TASK ANALYSIS E.19 X X X X X X X X
Time+and-motion studies E.20 X X X X X
USABILITY TESTS 16.2.4 X X X
Workload ass€ssment E.21 X X X X X

E.2 Advisory panel reviews

In some cases — particularly when conducting a long-term and critical development project — a
MANUFACTURER can choose to convene an advisory panel. An advisory panel can include 5 to
10 people (the total number of people is not critical) who have diverse perspectives on the
MEDICAL DEVICE in development. Care should be taken to include representative USERS on the
panel, not just "thought leaders” or “key opinion leaders” and favoured client representatives
who might provide skewed input regarding USER characteristics and needs.

Convening an advisory panel early — perhaps from the development project's inception — and
often during the development PROCESS enables the MANUFACTURER to collect input from
individuals who develop a progressively deeper level of insight into design issues and trade-
offs than those individuals who might participate in only one interview or USABILITY TEST
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session. However, an advisory panel’s input and feedback is not a substitute for input and
feedback from other prospective USERS who are initially naive about the MEDICAL DEVICE in
development (i.e. people who have “fresh eyes”).

E.3 Brainstorm USE SCENARIOS

One method for identifying HAZARD-RELATED USE SCENARIOS is to conduct a creative exercise,
such as brainstorming with separate groups of development personnel and intended USERS of
the given MEDICAL DEVICE, which draws upon the participants’ creativity and perhaps MEDICAL
DEVICE domain knowledge to identify possible HAZARD-RELATED USE SCENARIOS. During such
sessi ici ' ' i i ious USE
SCENARIOS including unusual but still foreseeable ones. The participants’ imaginations-gan be
stimulated by structured exercises and can employ device models, such qas- gsking
partic|pants to think of USE ERRORS that might occur when USERS are rushing or fatigued,|when
there |is a power failure, or when an untrained or inexperienced USER attempts to uge the
MEDICAL DEVICE, for example. During such exercises, a participant might suggest a USE ERROR
that then stimulates others to think of additional USE ERRORS. It helps_to,.consider MEDICAL
DEVICE interactions on a step-by-step basis, which is why it is useful/to perform a| TASK
ANALY|sIS ahead of time, thereby enabling researchers to direct participants’ attention to
predetermined steps.

E.4 | Cognitive walkthrough

A cogpitive walkthrough involves a researcher attempting*to determine what is expected [of the
USER py:

— walking through a preliminary design completing the TASKS as though the researcherlis the
USER;

- IeIding subject matter experts throughthese TASKS; or

— leading representative USERS throughrthese TASKS (sometimes referred to as a pluralistic
evaluation).

The goal is to determine whether UserRs understand what they need to do for each TASK|, sub-
TASK pr step and whether they~understand when a correct or incorrect course of action has
been faken.

In a gluralistic evaluation, the researcher guides the USER through a TASK by describing how
they would perform _a-TAsk based on drawings and models presented. The researcher’s|job is
to bring the stafic® USER INTERFACE “to life” by describing how the MEDICAL DEVICE Wwould
respohd to USER%inputs.

The ejvaluation can use USER INTERFACE design illustrations, such as drawings (printed of on a
comppter’screen) of a control panel and various screens that would appear on a computer-
based display. Occasionally, a non-functional hardware model can complement the drawings
to give the USERS a more complete sense for MEDICAL DEVICE hardware USER INTERFACE.

A cognitive walkthrough, which is well suited to preliminary design evaluations, can produce
surprisingly detailed and useful insights about a USER INTERFACE design's strengths and
opportunities for improvement. Additional information is found in 16.2.3.

E.5 Contextual inquiry

A common and effective way to learn about USERS is to observe them interacting with items of
interest (e.g. surgical instrument, PATIENT monitor, hospital bed, software application, glucose
meter), perhaps while they perform TASKS similar to those that are intended to be performed
using the MEDICAL DEVICE in development. For example, a team developing a home therapy
MEDICAL DEVICE (e.g. peritoneal dialysis machine) might visit a clinic to observe dialysis
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PATIENTS who normally help their caregivers (dialysis nurses and technicians) prepare the
dialysis equipment for use. Alternatively, the researchers might visit dialysis PATIENTS at home
to observe them administer their own treatments. As another example, a team developing a
minimally invasive surgical instrument, such as an endoscope, might visit hospitals to observe
surgeons operating with similar MEDICAL DEVICES. In some cases, the USER research team
might create a video RECORD of the USER activities of interest to enable subsequent analyses.
Video from multiple viewpoints can be very useful when performing detailed analyses (e.g.
time-motion analysis).

The kind of research described above is often termed contextual inquiry or ethnographic
research. The choice of term depends on the researchers’ professional backgrounds, specific
style pf-observation—and data—-collectionpractices—Fhe—man arieties—ofYsER—Fese@arch,
presuming that each is performed well, can produce an equivalent set of USERS' needs:

Researchers should keep in mind that a USE ENVIRONMENT is much more than a,woerkspace to
be described just in architectural terms. The term USE ENVIRONMENT in this-technical feport
refers| more broadly to the overall context of use, including architectural, secial, and cljmatic
factors. USE ENVIRONMENT analysis should include the capture of “USE ENVIRONMENT
charafteristics that impact the TAsks performed with the MEDICAL DEWICE being designed as
well gs any influence on HAZARD-RELATED USE SCENARIOS. If practicable, the MANUFACTURER
shoul@l estimate the probability of occurrence of the HAZARD-RELATED USE SCENARIO as well as
the priobability of it leading to HARM. Figure E.1 illustrates a USE ENVIRONMENT within a hgspital,
which|could place special USER INTERFACE requirements on a MEDICAL DEVICE.

) - -—
' 8 -
. .

—

IEC

Figure E.1 — Sample of a USE ENVIRONMENT within a hospital

In some cases;it is useful to perform what some researcher term a day-in-the-life analysis —
perfoming «extended USER observations. Additional information is found in E.6 and refgrence
[34].

E.6 Day-in-the-life analysis

A Day-In-The-Life (DITL) analysis is typically performed in the early stages of a MEDICAL
DEVICE design. Other terms for a DITL include PROCESS analyses and mission analyses. DITL
analysis is appropriate for new MEDICAL DEVICES as well as updates to current MEDICAL
DEVICES. The purpose of DITL analysis is to discover and document how USERS interact with a
MEDICAL DEVICE during an average day. Such an analysis helps to identify the details of how
USERS interact with a given MEDICAL DEVICE during daily use, including the most frequent
MEDICAL DEVICE-related TASKS and their sequence, the contexts in which USERS perform TASKS
and related USABILITY issues. Such an analysis might be particularly appropriate when
evaluating a MEDICAL DEVICE, such as a portable glucose meter, which is used several times a
day and possibly in various environments.
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If there are several USER GROUPS that might use the product differently, then separate DITL
analyses should be completed for each USER GROUP. In addition, DITL analyses should begin
with a scenario where everything goes “as expected” (i.e. the MEDICAL DEVICE works as
expected [No ALARM SIGNALS, and no unplanned events occur in the person’s life]). It should
subsequently be expanded to include likely and/or significant events that could occur due to
MEDICAL DEVICE malfunctions or unplanned USER events. The DITL analysis provides a useful
input into both FUNCTION ANALYSIS and TASK ANALYSIS.

The analysis is performed by identifying all of the interactions that a USER has with the
MEDICAL DEVICE over a 24-hour period. USER jobs, TASKS, behaviours, and needs are identified.
Typically, analysts start W|th the first |nteract|on after the USER wakes up in the mornlng and

day. For example, |f the MEDICAL DEVICE is an |nsul|n pump, the f|rst USER interaction with the
MEDICAL DEVICE might be to check his/her blood glucose level prior to eating breakfast or
exerc|sing.

The method used to collect DITL data is determined by whether the MEDICAL DEV|CE is
revoldtionary (new product), or evolutionary (enhancement to a MEDICAL DEVICE already ¢n the
markgt). For new MEDICAL DEVICES, prospective USERS can be interviewed or particippte in
focus|groups. The MEDICAL DEVICE concept is represented to USERS/and feedback is gought
around the functions and features they might want, and when, where, and how they might use
the pfoduct. Care needs to be taken in the early phases of inquiry to not provide a specific
design for the MEDICAL DEVICE concept, but rather determine’what USER needs might be met
(i.e. what functions are needed, not how they should be implemented). For enhanced MEDICAL
DEVICES, interviews of current USERS, focus groups or ©y conducting ethnographic regearch
are options. The focus should be on determining how-Current MEDICAL DEVICES are being|used,
what [problems are encountered, and on what additional capabilities might be added to
improye utility, USABILITY and/or acceptable use-related RISK.

The results of a DITL analysis can be used telidentify:

— thpse MEDICAL DEVICE functions that.ate used most frequently;
— the contexts in which they are experienced,;
— the sequence in which functions are typically performed; and

— the gaps in functional désjgn, USABILITY and acceptable use-related RiSK that coyld be
intluded or modified to improve product USABILITY and acceptable RISK.

The fgrmat for the analysis can be graphical (e.g. flow chart) or narrative.

E.7 | Expertreviews

Expernt reViews depend on the knowledge and experience of USABILITY SPECIALISTS to identify
design-\strengths and weaknesses and, subsequently, cite opportunities for design
improverment AT exXpert Teview Tanm be performed—onmdesign-toncept—sketches;—working
prototypes, and even MEDICAL DEVICES already in use. In the case of an expert review of an
unfinished design, many serious design shortcomings can be detected early and without
incurring the higher costs normally associated with USABILITY TESTS. However, if applied alone,
this technique is unlikely to detect all of the design shortcomings. Also see standards reviews
E.17.

E.8 FMEA and FTA

Among the most widely used of the RISK ANALYSIS tools are failure modes and effects analysis
(FMEA) and fault tree analysis (FTA). FMEA helps to define, identify, and reduce the
probability of “failure modes” (known or potential failures and errors of the MEDICAL DEVICE in
its context of use). Failure modes caused by inadequate USABILITY are possible USE ERRORS
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that could occur during the preparation and use of the MEDICAL DEVICE. Each failure mode has
the following 3 components:

— occurrence (frequency or probability of failure);
— SEVERITY (seriousness of the HARM that could result from the failure); and
— EFFECTIVENESS of the RISK CONTROL measure. [35]

E.9 Focus groups

Similar to one-on-one interviews, focus groups provide an effective technique for
under talldilly the pclucptiuuo, Up;lliUllO, betrefs—and—attitudes—of MEDICACDEVCEUSERS and
PATIENTS. Unlike one-on-one interviews, focus groups engage multiple people at‘@|time,
providing the opportunity for participants to discuss topics with each other during the |group
sessigpn. Sessions are led by a moderator and typically engage 4 to 8 participants. The
moderator is responsible for setting the scope, introducing discussion topics lor exergises,
ensur|ng that all participants are reasonably engaged, and keeping the discussion aligned
with dtudy objectives. Participants provide their perspective and opiniops,Jin discussiop with
the mpderator and other participants in the group.

Depemnding upon the research goals, focus groups can be conducted early in the|USER
reseafch phase of a MEDICAL DEVICE’S development, or during design conceptualization. Focus
groupps can be used to solicit opinions and attitudes about\an existing MEDICAL DEVICE or
desigh concept, to explore attributes of MEDICAL DEVICE design that are important, or to define
requinements that a design needs to meet to gain USER or PATIENT acceptance. Morg¢over,
focus|groups need not adhere to a question-answerformat. The moderator can administer
questlonnaires, have participants provide ratings or compare competing MEDICAL DEVICES, or
condyct hands-on exercises with MEDICAL DEVICE )»prototypes. These activities can fagilitate
group|discussions.

A research study can include multiple interview sessions, including dozens of participants in
total. Group participants can be selected-to include a heterogeneous group of MEDICAL OEVICE
USERSY or PATIENTS in the hope that diverse opinions stimulates discussion and generate new
insights. Group members can also be more homogeneous with participants sharing similarities
in thgir education, training, agé;' or MEDICAL DEVICE experience in an effort to identify a
common perspective or explare*details more fully.

To conduct a successfulifocus group study, the researcher needs to clearly define the|study
goals]| A discussion guide can be used to organize discussions around topics of interept. To
minimize bias and\ avoid narrowing a discussion too quickly, the discussion should start
broadly before tackling specific questions or issues.

USER |researchers who employ this technique should be mindful that group dynamicp and

individuals-with strong personalities and unusual perspectives can dominate discussion| That
is whiy Nt s | i hnage

discussions effectively.

E.10 FUNCTION ANALYSIS

FUNCTION ANALYSIS generates the insights necessary to decide what exclusive and shared
roles the MEDICAL DEVICE and USER play in the MEDICAL DEVICE'S overall operation. The first
step is to determine the given MEDICAL DEVICE'S required functions. The second step is to
consider the kinds of functions best performed by MEDICAL DEVICES versus humans. The final
step is to allocate functions appropriately to the MEDICAL DEVICE or USER based on their
particular strengths and limitations. For example, MEDICAL DEVICES are good at continuously
monitoring parameter values and generating ALARM CONDITIONS if anything exceeds a pre-set
limit, and good at detecting unusual patterns in data sets, such as a combination of vital sign
values that indicate PATIENT distress. Additional information is found in 9.3.
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E.11 Heuristic analysis

Heuristic analysis [36] is a specialized type of expert review. The technique calls for one or
more USABILITY SPECIALISTS — perhaps three — to conduct an independent expert review of a
given design's USER INTERFACE based on selected USABILITY ENGINEERING design heuristics,
such as those found in references [4] and [36] using their professional judgment. After
identifying design shortcomings, each USABILITY SPECIALIST estimates the degree of the
shortcoming and describes in general terms a potential solution. Finally, the USABILITY
SPECIALISTS compare their findings, develop consensus findings, and document their findings
in a report. Additional information is found in 16.2.2.

E.12 | Observation

Obsetfvation, a USABILITY ENGINEERING technique that is discussed earlier, is a powerful way to
identify potential HAZARD-RELATED USE SCENARIOS. Observation gives an understanding pf the
use 06[ MEDICAL DEVICES in the real environment. Observers need to ensuresthat they do not
interfgre with the workflow or natural behaviour, which can bias~the results. During
obseryations, it is possible to study how the USER actually acts and-handles the MEDICAL
DEVICE. Through observations, it is possible to gain knowledge about behaviours that thg USER
is notlaware of and therefore cannot clearly articulate in an interview.

It cap be difficult to find institutions and individuals who” are willing to permit| such
obseryations. Such observations also pose the dilemma of(fesearchers deciding what t¢ do if
they [observe a HAZARD-RELATED USE SCENARIO that<is leading to HARM. Accordingly,
reseafchers can choose to perform such observations 'with the support of a clinician who can
interpret events — perhaps unobtrusively citing HAZARD-RELATED USE SCENARIOS whern they
occur|— and intervene when necessary to prevent\HARM.

Obsefvations of people at work can be followed immediately (as in the case of contgextual
inquiry), or perhaps at a later hour during the same workday, by interviews (see |E.13)
involvling the observed individuals. Such-interviews can focus on the strengths, shortcorpings,
and gpportunities for improvementcof the MEDICAL DEVICES in use, and perhaps brgader,
system integration issues as well,

E.13 | One-on-one interviews

One-qn-one interviews-are an effective technique for gathering qualitative information [about
MEDIC]AL DEVICE use..Interviews involve an interviewer (a researcher) and an interviewee (a
subje¢t matter expert, MEDICAL DEVICE USER, or PATIENT). Interviews follow a question-apswer
mode|, but are~conversational. The researcher leads the interview, by introducing topigs and
initiating diseussion through questions. The interviewee provides their thoughts, opipions,
attitudes, ‘and beliefs in response.

Depending on the research goals, one-on-one interviews can be conducted early in the USER
research phase of a MEDICAL DEVICE'S development, or during design conceptualization.
Interviews can be used to identify characteristics that define different USER or PATIENT groups.
Interviews can also be used to map out clinical workflows or typical usage scenarios, to
identify problems and frustrations with existing MEDICAL DEVICES, to gather opinions and
attitudes about different aspects of MEDICAL DEVICE use, to explore design concepts, and to
answer specific questions about a design or design issue. An interview study typically
includes a sample of interviewees. Larger samples, with 20 or more interviewees, can provide
a heterogeneous, but representative mix of subject matter experts, MEDICAL DEVICE USERS, or
PATIENTS. Smaller samples, with 6 to 8 interviewees, can be used to evaluate perceptions of a
relatively homogenous group who share a common characteristic that affects MEDICAL DEVICE
use, such as a job profile, specific disability, or age range.

An interview plan should specify if the interview is planned to be a structured interview an
unstructured or hybrid of the two. Structured interviews follow a list of prepared questions and
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an unstructured interview does not. During each interview, there should be at least one
question offering respondents the opportunity to provide open feedback on any topic they
consider germane to the overall discussion.

To conduct a successful interview, the researcher should clearly define the interview goals,
draft an appropriate interview guide, and effectively manage the dynamics of each interview.
The interview guide includes questions organized around discussion topics. Interviews should
follow the guide but allow for unscripted discussion to explore interviewee responses.
Questions should be short and open-ended. Interviewers should keep the discussion
conversational and frame questions in a way that encourages the interviewee to relate to their
own experience, without leading or biasing their responses. Researchers should limit each
interview—to—no—more—than—twe—-hours—Ahen—completed—intervews—showld—-be—analysed to

identify patterns or themes, and to catalogue the full range of participant responses.

Intervjews can be conducted in person, which is usually optimal, or possibly,-remotely via
telepfjone or video conference. The remote communication option can be_thé most| cost-
effectlve and rapid way to interact with prospective MEDICAL DEVICE_WUSERS in mpyltiple
geogrpphic locations, with national borders posing little obstacle to useful data collection, and
with language differences readily overcome by engaging interpretersiC’However, condlcting
USER |research in-person is most likely to produce better results- because face-tp-face
communication is often more nuanced and informative.

Intervjews enable the researcher to collect the USERS’ perspectives, which can complément
but cgnnot necessarily replace observations (see E.12)., The two research methods generate
different types of information, which can sometimes~reinforce each other (i.e. when the
intervlew data confirm the researcher’'s observations). However, at other timeg, the
information generated by each method might conflict and the USER’S reported reasops for
obserped activities might be quite different from the reasons presumed by the observer.

E.14 | Participatory design

Participatory design seeks to provide subjects with the means to illustrate or demonistrate
their ideal MEDICAL DEVICE rather.than relying on the subjects to imagine and verbally describe
their yision. Depending on the sStage of development, the best participatory design to¢l can
range| from a schematic se&t jof configurable building block modules representing known
techn|cal constraints to USER INTERFACE-specific features that are part of a configurable|study
model|.

One participatory design method calls for representative USERS to combine simple blocks
representing teghnical components (e.g. motors, electronics, bladders, batteries, storage, etc.)
into desired forms, as well as to place USER INTERFACE features (e.g. buttons, indidators,
knobg, etc.)-nto desired arrangements. Another method is to provide USERS with a fungtional
MEDICIAL DEVICE (e.g. a surgical tool that cauterizes tissue) and ask them to shape assotiated
features,vsuch as the tool’s gripping surface, or position additional components, such as a
cable, in the desired location. The technique can be adapted to enable research participants
to compose screens for computer displays.

When performing participatory design studies, it is important to tell the USERS about the
MEDICAL DEVICE’S context of use and any inviolable technical constraints. Researchers prompt
the USERS to rationalize their creations and photographed the USERS’ idealized designs. Later,
researchers look for preference patterns among the idealized designs to generate USER
INTERFACE REQUIREMENTS and inform subsequent design efforts.

E.15 PCA analysis

One method to identify the potential for USE ERRORS based on TASKS ANALYSIS is called PCA
analysis. The method of PCA analysis is derived from the model of USER-MEDICAL DEVICE
interaction that is depicted in Figure E.2. Since the method suggests to work along the three


https://iecnorm.com/api/?name=238d53394b030a11f85990553c50a7de

IEC TR 62366-2:2016 © IEC 2016 - 81—

components of USER interactions “perception”, “cognition” and “action” it is referred to as PCA
analysis.

Output Perception
Processing IVIIDIE%II(&;\L USER Cognition

Input Action

IEC

Figure E.2 — Model of USER-MEDICAL DEVICE interaction

For cpnducting a PCA analysis, the TASKks are decemposed down to the level of indiyvidual
USER |nteractions. Individual USER interactions are deGomposed into:
— UYER perception;
EXAMPLE 1 Hearing an ALARM SIGNAL, reading text on a screen, feeling a button click.
— cognitive steps; and
EXAMPLE 2 Recalling information, performing mental calculations, applying rules to reach a decision.
— agtion.
EXAMPLE 3 Selecting a menu aption, pressing a button, adding fluid to a reservoir.
This decomposition helps the MANUFACTURER to understand what each TASK requires from the
USER |n terms of perception, cognitive, and physical load. A USE ERROR is likely to occur]if the
USER |s unable to meet one of those TASK requirements. Thus, potential use problems dan be
identified and became/easily apparent by asking the following three questions:
“What if, the USER is unable to perceive x?”
“What ifs-the USER is unable to interpret/process y”
—  “Whatif; the USER is unable to perform the action z?”

By repeating to ask these three questions for every step in a TASK sequence, a preliminary list
of potential use problems can be compiled. Not all of these use problems might result in a USE
ERROR and not all of the identified potential USE ERRORS might be SAFETY-related.

NOTE As explained in Annex A — 3.21 of IEC 62366-1:2015, a USE ERROR is always bound to erroneous action or
inaction. Erroneous perception or cognition are not considered a USE ERROR but can be a cause for a USE ERROR.

However, the list is a beginning of understanding unexpected actions USERS could do with the
MEDICAL DEVICE and helps identify those USE ERRORS that are connected to HAZARDOUS
SITUATIONS.


https://iecnorm.com/api/?name=238d53394b030a11f85990553c50a7de

- 82 - IEC TR 62366-2:2016 © IEC 2016

E.16 SIMULATION

SIMULATION (as described here) refers to an artificial healthcare environment that is
sufficiently realistic to support testing at various stages of MEDICAL DEVICE development, from
early stage conceptualization through SUMMATIVE EVALUATION to the evaluation of reported USE
ERRORS in marketed MEDICAL DEVICES. SIMULATION requires a physical environment in which
clinicians or PATIENTS can interact naturally with a MEDICAL DEVICE or prototype. High-FIDELITY
simulators effectively emulate such MEDICAL DEVICE USE ENVIRONMENTS as a PATIENT'S home,
clinic treatment room, operating room, emergency department, intensive care unit, dialysis
unit, or transport helicopter. An operating room simulator, for example, includes all of the
equipment and supplies found in an operating room (bed, tables, lights, electrocautery unit,
lapargseepie—eguipment—anaesthesta—machine—drapes—surgicatnstruments—ete—as—well as
humap actors (also called confederates), if needed. If the MANUFACTURER were evaluafing a
surgiqal MEDICAL DEVICE, the actors might be an anaesthesiologist, scrub techniciapn and
circulﬁting nurse, providing prompts, interruptions, distractions, and other attributes that are
consiglered essential (e.g. based on the HAZARD ANALYSIS) to evaluate the. MEDICAL QEVICE
under|{a range of high use, high RISk, high cost, or other conditions.

Depending on the goals of the SIMULATION, the simulated “PATIENT” canCbe played by apother
actor [(a “standardized PATIENT”) or by a manikin. SIMULATION manikins range from fully
inanimate plastic “dummies” with only a physical human resemblance, to very sophist|cated
comppiter controlled electromechanical systems that can talky/tear, sweat, breathe[, and
manifest all of the typically measured physiological “vital signs” of a real human. Figufe E.3
demopstrates examples of PATIENT SIMULATION.

IEC

Figure E.3 — Infant manikin used in a neonatal care unit simulator (left),
test.participant simulating an auto-injector (centre)
and-an‘adult manikin used in a surgery SIMULATION (right)

Conduicting high#FIDELITY SIMULATIONS is expensive and thus should be done selectively, with
good [preparation, and only by those with appreciable experience. Like a USABILITY TES[T, the
first sfep isto create a robust plan. SIMULATIONS are based on “scenarios,” which are gcripts
that describe the goals of the SIMULATION, all of the “props” needed, a story or instructions for
the si ici i i pr the
engineers running the SIMULATION scenario, including what to do at each step when the
participant behaves in different ways. The engineers running the SIMULATION and design
teams typically view the participants during the SIMULATION from behind a one-way mirror
and/or on video. In fact, a critical aspect of a SIMULATION is the use of high-quality, multi-angle,
audio-video recording that can often be annotated in real time by the design team.

E.17 Standards reviews

A standards review calls for one or more USABILITY SPECIALISTS to assess a USER INTERFACE
according to established USABILITY ENGINEERING practices, such as those described in
Reference [4] as well as style guides. Standards reviews are relatively quick and cost-
effective, but can yield only a superficial understanding of USER INTERFACE issues that are
better assessed by means of USABILITY TESTS, for example. Also see expert reviews, E.7.
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