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Objectives and uses of AAMI standards and

recommended practices

It is most important that the objectives and potential uses of an
AAMI product standard or recommended practice are clearly
understood. The objectives of AAMI's technical development
program derive from AAMI's overall mission: the advancement of
medical instrumentation. Essential to such advancement are (1) a
continued increase in the safe and effective application of current
technologies to patient care, and (2) the encouragement of new
technologies. It is AAMI's view that standards and recommended
practices can contribute significantly to the advancement of
medical instrumentation, provided that they are drafted with
attention to these objectives and provided that arbitrary and
restrictive uses are avoided.

A voluntary standard for a medical device recommends to the
manufacturer the information that should be provided with or on
the product, basic safety and performance criteria that should be
considered in qualifying the device for clinical use, and the
measurement techniques that can be used to determine whether the
device conforms with the safety and performance criteria and/or to
compare the performance characteristics of different products.
Some standards emphasize the information that should be provided
with the device, including performance characteristics, instructions
for use, warnings and precautions, and other data considered
important in ensuring the safe and effective use of the device in the
clinical environment. Recommending the disclosure of
performance characteristics often necessitates the development of
specialized test methods to facilitate uniformity in reporting;
reaching consensus on these tests can represent a considerable part
of committee work. When a drafting committee determines that
clinical concerns warrant the establishment of minimum safety and
performance criteria, referee tests must be provided and the reasons
for establishing the criteria must be documented in the rationale.

A recommended practice provides guidelines for the use, care,
and/or processing of a medical device or system. A recommended
practice does not address device performance per se, but rather
procedures and practices that will help ensure that a device is used
safely and effectively and that its performance will be maintained.

Although a device standard is primarily directed to the
manufacturer, it may also be of value to the potential purchaser or
user of the device as a frame of reference for device evaluation.
Similarly, even though a recommended practice is usually oriented
towards healthcare professionals, it may be useful to the
manufacturer in better understanding the environment in which a
medical device will be used. Also, some recommended practices,
while not addressing device performance criteria, provide
guidelines to industrial personnel on such subjects as sterilization
processing, methods of collecting data to establish safety and
efficacy, human engineering, and other processing or evaluation
techniques; such guidelines may be useful to health care
professionals in understanding industrial practices.

In determining whether an AAMI standard or recommended
practice is relevant to the specific needs of a potential user of the
document, several important concepts must be recognized:

All AAMI standards and recommended practices are voluntary
(unless, of course, they are adopted by government regulatory or
procurement authorities). The application of a standard or
recommended practice is solely within the discretion and
professional judgment of the user of the document.
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Each AAMI standard or recommended practice reflects the
collective expertise of a committee of health care professionals and
industrial representatives, whose work has been reviewed
nationally (and sometimes internationally). As such, the consensus
recommendations embodied in a standard or recommended practice
are intended to respond to clinical needs and, ultimately, to help
ensure patient safety. A standard or recommended practice is
limited, however, in the sense that it responds generally to
perceived risks and conditions that may not always be relevant to
specific situations. A standard or recommended practice is an
important reference in responsible decision-making, but it should
never replace responsible decision-making.

Despite periodic review and revision (at least once every five
years), a standard or recommended practice is necessarily a static
document applied to a dynamic technology. Therefore, a standards
user must carefully review the reasons why the document was
initially developed and the specific rationale for each of its
provisions. This review will reveal whether the document remains
relevant to the specific needs of the user.

Particular care should be taken in applying a product standard
to existing devices and equipment, and in applying a recommended
practice to current procedures and practices. While observed or
potential risks with existing equipment typically form the basis for
the safety and performance criteria defined in a standard,
professional judgment must be used in applying these criteria to
existing equipment. No single source of information will serve to
identify a particular product as "unsafe". A voluntary standard can
be used as one resource, but the ultimate decision as to product
safety and efficacy must take into account the specifics of its
utilization and, of course, cost-benefit considerations. Similarly, a
recommended practice should be analyzed in the context of the
specific needs and resources of the individual institution or firm.
Again, the rationale accompanying each AAMI standard and
recommended practice is an excellent guide to the reasoning and
data underlying its provision.

In summary, a standard or recommended practice is truly
useful only when it is used in conjunction with other sources of
information and policy guidance and in the context of professional
experience and judgment.

INTERPRETATIONS OF AAMI STANDARDS
AND RECOMMENDED PRACTICES

Requests for interpretations of AAMI standards and recommended
practices must be made in writing, to the AAMI Vice President,
Standards Policy and Programs. An official interpretation must be
approved by letter ballot of the originating committee and
subsequently reviewed and approved by the AAMI Standards
Board. The interpretation will become official and representation of
the Association only upon exhaustion of any appeals and upon
publication of notice of interpretation in the "Standards Monitor"
section of the AAMI News. The Association for the Advancement
of Medical Instrumentation disclaims responsibility for any
characterization or explanation of a standard or recommended
practice which has not been developed and communicated in
accordance with this procedure and which is not published, by
appropriate notice, as an official interpretation in the AAMI News.
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AAMI Recommended Practice

This Association for the Advancement of Medical Instrumentation (AAMI) recommended practice implies a consensus
of those substantially concerned with its scope and provisions. The existence of an AAMI recommended practice
does not in any respect preclude anyone, whether they have approved the recommended practice or not, from
manufacturing, marketing, purchasing, or using products, processes, or procedures not conforming to the
recommended practice. AAMI recommended practices are subject to periodic review, and users are cautioned to
obtain the latest editions.

CAUTION NOTICE: This AAMI recommended practice may be revised or withdrawn at any time. AAMI procedures
require that action be taken to reaffirm, revise, or withdraw this recommended practice no later than five years from
the date of publication. Interested parties may obtain current information on all AAMI standards and recommended
practices by calling or writing AAMI.

All AAMI standards, recommended practices, technical information reports, and other types of technical documents
developed by AAMI are voluntary, and their application is solely within the discretion and professional judgment of the
user of the document. Occasionally, voluntary technical documents are adopted by government regulatory agencies
or procurement authorities, in which case the adopting agency is responsible for enforcement of its rules and
regulations.
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Glossary of equivalent standards

International Standards adopted in the United States may include normative references to other International
Standards. For each International Standard that has been adopted by AAMI (and ANSI), the table below gives the
corresponding U.S. designation and level of equivalency to the International Standard. NOTE: Documents are sorted

by international designation.

Other normatively referenced International Standards may be under consideration for U.S. adoption by AAMI;
therefore, this list should not be considered exhaustive.

International designation

U.S. designation

Equivalency

IEC 60601-1:2005
Technical Corrigendum 1 and 2

ANSI/AAMI ES60601-1:2005
ANSI/AAMI ES60601-1:2005/C1:2009 (amdlt)

Major technical variations
C1 Identical to Corrigendum 1 & 2

IEC 60601-1-2:2007 ANSI/AAMI/IEC 60601-1-2:2007 Identical
IEC 60601-2-2:2009 ANSI/AAMI/IEC 60601-2-2:2009 Identical
IEC 60601-2-4:2002 ANSI/AAMI DF80:2003 Major technical variations
IEC 60601-2-19:2009 ANSI/AAMI/IEC 60601-2-19:2009 Identical
IEC 60601-2-20:2009 ANSI/AAMI/IEC 60601-2-20:2009 Identical
IEC 60601-2-21:2009 ANSI/AAMI/IEC 60601-2-21:2009 Identical

IEC 60601-2-24:1998

ANSI/AAMI 1D26:2004/(R)2009

Major technical variations

IEC 60601-2-47:2001

ANSI/AAMI EC38:2007

Major technical variations

IEC 60601-2-50:2009

ANSI/AAMI/IEC 60601-2-50:2009

Identical

IEC 80601-2-30:2009 and Technical
Corrigendum 1

ANSI/AAMI/IEC 80601-2-30:2009 and
ANSI/AAMI/IEC 80601-2-30:2009/ C1:2009
(amdt) — consolidated text

Identical (with inclusion)
C1 Identical to Corrigendum 1

IEC 80601-2-58:2008 ANSI/AAMI/IEC 80601-2-58:2008 Identical
IEC/TR 60878:2009 ANSI/AAMI/IEC TIR60878:2003 Identical
IEC/TR 62296:2009 ANSI/AAMI/IEC TIR62296:2009 Identical
IEC 62304:2006 ANSI/AAMI/IEC 62304:2006 Identical
IEC/TR 62348:2006 ANSI/AAMI/IEC TIR62348:2006 Identical
IEC/TR 62354:2009 ANSI/AAMI/IEC TIR62354:2009 Identical
IEC/TR 80002-1:2009 ANSI/IEC/TR 80002-1:2009 Identical
1ISO 5840:2005 ANSI/AAMI/ISO 5840:2005 Identical
1ISO 7198:1998 ANSI/AAMI/ISO 7198:1998/2001/(R)2004 Identical
1ISO 7199:2009 ANSI/AAMI/ISO 7199:2009 Identical

1ISO 8637:2004

ANSI/AAMI RD16:2007

Major technical variations

1ISO 8638:2004

ANSI/AAMI RD17:2007

Major technical variations

1SO 10993-1:2009 ANSI/AAMI/ISO 10993-1:2009 Identical
1SO 10993-2:2006 ANSI/AAMI/ISO 10993-2:2006 Identical
1ISO 10993-3:2003 ANSI/AAMI/ISO 10993-3:2003/(R)2009 Identical
1ISO 10993-4:2002 and ANSI/AAMI/ISO 10993-4:2002/(R)2009 and Identical
Amendment 1:2006 Amendment 1:2006/(R)2009

I1ISO 10993-5:2009 ANSI/AAMI/ISO 10993-5:2009 Identical
1ISO 10993-6:2007 ANSI/AAMI/ISO 10993-6:2007 Identical
1ISO 10993-7:2008 ANSI/AAMI/ISO 10993-7:2008 Identical
1ISO 10993-9:1999 ANSI/AAMI/ISO 10993-9:1999/(R)2005 Identical
1ISO 10993-10:2002 and ANSI/AAMI BE78:2002/(R)2008 Minor technical variations
Amendment 1:2006 ANSI/AAMI BE78:2002/A1:2006/(R)2008 Identical
I1ISO 10993-11:2006 ANSI/AAMI/ISO 10993-11:2006 Identical
1ISO 10993-12:2007 ANSI/AAMI/ISO 10993-12:2007 Identical
I1ISO 10993-13:1998 ANSI/AAMI/ISO 10993-13:1999/(R)2004 Identical
1ISO 10993-14:2001 ANSI/AAMI/ISO 10993-14:2001/(R)2006 Identical
I1ISO 10993-15:2000 ANSI/AAMI/ISO 10993-15:2000/(R)2006 Identical
1ISO 10993-16:1997 ANSI/AAMI/ISO 10993-16:1997/(R)2009 Identical
1ISO 10993-17:2002 ANSI/AAMI/ISO 10993-17:2002/(R)2008 Identical
1ISO 10993-18:2005 ANSI/AAMI BE83:2006 Major technical variations
ISO/TS 10993-19:2006 ANSI/AAMI/ISO TIR10993-19:2006 Identical
ISO/TS 10993-20:2006 ANSI/AAMI/ISO TIR10993-20:2006 Identical
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International designation

U.S. designation

Equivalency

1ISO 11135-1:2007 ANSI/AAMI/ISO 11135-1:2007 Identical
ISO/TS 11135-2:2008 ANSI/AAMI/ISO TIR11135-2:2008 Identical
1ISO 11137-1:2006 ANSI/AAMI/ISO 11137-1:2006 Identical
1ISO 11137-2:2006 (2006-08-01 ANSI/AAMI/ISO 11137-2:2006 Identical
corrected version)

1ISO 11137-3:2006 ANSI/AAMI/ISO 11137-3:2006 Identical
1ISO 11138-1: 2006 ANSI/AAMI/ISO 11138-1:2006 Identical
1ISO 11138-2: 2006 ANSI/AAMI/ISO 11138-2:2006 Identical
ISO 11138-3: 2006 ANSI/AAMI/ISO 11138-3:2006 Identical
1ISO 11138-4: 2006 ANSI/AAMI/ISO 11138-4:2006 Identical
ISO 11138-5: 2006 ANSI/AAMI/ISO 11138-5:2006 Identical
ISO/TS 11139:2006 ANSI/AAMI/ISO 11139:2006 Identical
1ISO 11140-1:2005 ANSI/AAMI/ISO 11140-1:2005 Identical
1ISO 11140-3:2007 ANSI/AAMI/ISO 11140-3:2007 Identical
1ISO 11140-4:2007 ANSI/AAMI/ISO 11140-4:2007 Identical
1ISO 11140-5:2007 ANSI/AAMI/ISO 11140-5:2007 Identical
1ISO 11607-1:2006 ANSI/AAMI/ISO 11607-1:2006 Identical
ISO 11607-2:2006 ANSI/AAMI/ISO 11607-2:2006 Identical
1ISO 11737-1: 2006 ANSI/AAMI/ISO 11737-1:2006 Identical
1ISO 11737-2:2009 ANSI/AAMI/ISO 11737-2:2009 Identical
1ISO 13408-1:2008 ANSI/AAMI/ISO 13408-1:2008 Identical
1ISO 13408-2:2003 ANSI/AAMI/ISO 13408-2:2003 Identical
1ISO 13408-3:2006 ANSI/AAMI/ISO 13408-3:2006 Identical
1ISO 13408-4:2005 ANSI/AAMI/ISO 13408-4:2005 Identical
1ISO 13408-5:2006 ANSI/AAMI/ISO 13408-5:2006 Identical
1ISO 13408-6:2006 ANSI/AAMI/ISO 13408-6:2006 Identical
1ISO 13485:2003 ANSI/AAMI/ISO 13485:2003/(R)2009 Identical
1ISO 14155-1:2003 ANSI/AAMI/ISO 14155-1:2003/(R)2008 Identical
1ISO 14155-2:2003 ANSI/AAMI/ISO 14155-2:2003/(R)2008 Identical
1ISO 14160:1998 ANSI/AAMI/ISO 14160:1998/(R)2008 Identical
1ISO 14161:2009 ANSI/AAMI/ISO 14161:2009 Identical
ISO 14708-3:2008 ANSI/AAMI/ISO 14708-3:2008 Identical
1ISO 14708-4:2008 ANSI/AAMI/ISO 14708-4:2008 Identical
1ISO 14937:2009 ANSI/AAMI/ISO 14937:2009 Identical
ISO/TR 14969:2004 ANSI/AAMI/ISO TIR14969:2004 Identical
1ISO 14971:2007 ANSI/AAMI/ISO 14971:2007 Identical
1ISO 15223-1:2007 and A1:2008 ANSI/AAMI/ISO 15223-1:2007 and A1:2008 Identical
1ISO 15225:2000 and A1:2004 ANSI/AAMI/ISO 15225:2000/(R)2006 and Identical

A1:2004/(R)2006

1ISO 15674:2009 ANSI/AAMI/ISO 15674:2009 Identical
1ISO 15675:2009 ANSI/AAMI/ISO 15675:2009 Identical
1ISO 15882:2008 ANSI/AAMI/ISO 15882:2008 Identical

1ISO 15883-1:2006

ANSI/AAMI ST15883-1:2009

Major technical variations

ISO/TR 16142:2006

ANSI/AAMI/ISO TIR16142:2005

Identical

1ISO 17664:2004

ANSI/AAMI ST81:2004

Major technical variations

1ISO 17665-1:2006

ANSI/AAMI/ISO 17665-1:2006

Identical (with inclusions)

ISO/TS 17665-2:2009 ANSI/AAMI/ISO TIR17665-2:2009 Identical
I1ISO 18472:2006 ANSI/AAMI/ISO 18472:2006 Identical
ISO/TS 19218:2005 ANSI/AAMI/ISO 19218:2005 Identical
I1ISO 22442-1:2007 ANSI/AAMI/ISO 22442-1:2007 Identical
I1ISO 22442-2:2007 ANSI/AAMI/ISO 22442-2:2007 Identical
I1ISO 22442-3:2007 ANSI/AAMI/ISO 22442-3:2007 Identical
ISO 25539-1:2003 and A1:2005 ANSI/AAMI/ISO 25539-1:2003/(R)2009 and Identical
A1:2005/(R)2009
ISO 25539-2:2008 ANSI/AAMI/ISO 25539-2:2008 Identical
ISO 81060-1:2007 ANSI/AAMI/ISO 81060-1:2007 Identical
ISO 81060-2:2009 ANSI/AAMI/ISO 81060-2:2009 Identical
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Foreword

In the course of the AAMI Human Factors Engineering Committee’s review of ANSI/AAMI HE48:1993, Human factors
engineering guidelines and preferred practices for the design of medical devices, the committee decided that users
would be better served if the document was divided into two separate standards covering (1) human factors design
processes and (2) human factors design principles. A structured approach to human factors design in medical
devices is addressed in the American National Standard, ANSI/AAMI HE74:2001, Human factors design process for
medical devices. ANSI/AAMI HE74 formed the basis of an international collaboration that led to the creation of IEC
62366:2007, Medical devices—Application of usability engineering to medical devices. The relationship between
human factors engineering and risk management to reduce use error is addressed in IEC 62366. The content of
ANSI/AAMI HE74 is provided in Appendix G of IEC 62366. ANSI/AAMI HE75 is the committee’s effort to provide
comprehensive human factors design principles for medical devices.

This recommended practice should be considered flexible and dynamic. As technology advances and new data are
brought forward, this document will be reviewed and, if necessary, revised.

Within the context of this recommended practice, “shall” indicates requirements that must be strictly followed to
conform to this document’s guidance. “Should” indicates that among several possibilities, one approach is
recommended as particularly suitable, without mentioning or excluding others, or that a certain course of action is
preferred but not necessarily required, or that (in the negative form) a certain possibility or course of action should be
avoided but is not prohibited. “May” indicates that a course of action is permissible within the limits of the
recommended practice. “Can” is used as a statement of possibility and capability. Finally, “must” is used only to
describe “unavoidable” situations, including those mandated by government regulation.

AAMI and ANSI procedures require that standards and recommended practices be reviewed every five years and, if
necessary, revised to reflect technological advances that may have occurred since publication.

Suggestions for improving this recommended practice are invited. Comments and suggested revisions should be sent
to AAMI, 1110 N Glebe Road, Suite 220, Arlington, VA 22201-4795.

NOTE—This foreword does not contain provisions of the AAMI recommended practice, Human factors principles for
medical device design (ANSI/AAMI HE75:2009), but it does provide important information about the development and
intended use of the document.
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AAMI Recommended Practice ANSI/AAMI HE75:2009/(R)2018

Human factors engineering — Design of medical
devices

Introduction
Human factors engineering

Human factors engineering (HFE) is the application of knowledge about human capabilities (physical, sensory,
emotional, and intellectual) and limitations to the design and development of tools, devices, systems, environments,
and organizations. HFE might also be called human factors, ergonomics, human engineering, usability engineering,
or human—computer interaction (HCI). HFE involves the use of behavioral science and engineering methodologies in
support of design and evaluation.

Successful development of safe and usable medical devices and systems requires the application of HFE principles
and processes throughout the product design cycle. Doing so can help reduce use error, enhance patient and user
safety, improve product usability and efficiency, and enhance user satisfaction. The relationship between HFE and
risk management in reducing use error is addressed in International Electrotechnical Commission (IEC) 62366:2007,
Medical devices—Application of usability engineering to medical devices.

Many decades of basic and applied research, as well as practical experience, have generated a substantial base of
scientific knowledge about people and their interactions with each other, with technology, and with their environment.
For example, extensive data are available on the size and shape of the human body (anthropometry), how people
sense the world (perception), how people think (cognition), and how they act (sensory/motor performance). These
data and related principles governing their application are available in numerous textbooks, technical articles,
standards and guidelines, and specialized design tools.

Knowledge of HFE methods and principles is critical to the design of safe and effective medical devices. It allows
device designers to choose wisely among design alternatives. It also allows designers to validate that a design is
appropriate for use in a clinical context. HFE areas of special importance relate to understanding the factors that
affect human performance, the nature of human error and human fallibility, the role of humans in complex systems,
and the causes of use errors (e.g., inadvertent control activation).

The HFE process for medical device design and evaluation is discussed in detail in ANSI/AAMI HE74:2001/(R)2009,
Human factors design process for medical devices, and in comparable international standards. HFE is not blind
adherence to a set of guidelines; it is the sum of several processes:

a) An analytic process that directs the use of available user-interface design guidance
b) A design and development process that tailors that guidance to the specific application

c) A test and evaluation process that verifies that the design and development process has resolved issues
identified during the analytic process

The primary HFE concern for medical devices is to ensure that medical devices can be used safely. Devices that are
not designed with usability in mind are frequently unsafe, prone to use error, difficult to use, difficult to learn to use, or
detract from user efficiency or satisfaction.

HFE applies to all aspects of a device with which a human interacts and to all of the tasks that a human might
perform with the device, including all hardware and software interfaces that support all user tasks. Primary usability
questions include the following:

a) How easy is it to learn to use the device? How soon will the intended user feel comfortable using the
device?

b) Once learned, how efficiently can the device be used?
c) Do users remember how to use the device after several days, weeks, or months of non-use?

d) Does the device prevent users from making errors or help users recover from their errors?
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e) Are users satisfied with the device?
f) Is the device design appropriate for the capabilities and limitations of users?

HFE-based medical device designs offer numerous benefits. They increase safety, reduce use error and facilitate
recovery from use error, decrease training time, increase ease of use, improve task performance and optimal device
use, enhance user satisfaction, improve patient outcomes, reduce product liability risks, facilitate the regulatory
approval process, and increase the chance of commercial success.

Purpose of this recommended practice

The purpose of this document is to provide a relevant source of HFE information, design criteria, and guidelines for
medical devices. The human factors design information and methodologies described here may be used during every
phase of device design and development, from initial conceptualization through post-market surveillance. The sooner
HFE design criteria are incorporated into device requirements, the more significant the impact will be. For example,
basic HFE principles should be incorporated into initial device requirements and refined into detailed usability
specifications. As the device design evolves and as usability testing is conducted, the initial requirements or usability
specifications will need to be refined further.

NOTE—In regard to “user” and “operator” nomenclature, international (IEC, International Organization for Standardization [ISO], and
European Committee for Standardization [CEN]) standards have used a convention set by IEC 60601-1 many years ago. By that
convention, “user” referred to the owner of a medical device, whereas “operator” referred to the person who actually uses that
medical device. In human factors documents, including ANSI/AAMI HE74:2001/(R)2009, “user” encompasses both groups;
however, the term usually refers to the person using the medical device. In the 3" edition of IEC 60601-1, an attempt was made to
resolve this difference by changing “user” to “responsible organization.” This new and more useful convention has been retained in
IEC 62366.

Objectives of this recommended practice

These guidelines are meant to supplement the myriad of books, databases, and references that support HFE, with a
particular emphasis on the design and evaluation of medical devices. This document should be used with
participation by individuals with formal human factors training and expertise.

These guidelines will help medical device manufacturers
a) understand the concept of HFE;

b) understand how different concepts and techniques can and should be used during all device design and
development phases;

c) develop devices that solve problems in today’s clinical environment;

d) make medical devices easier to use;

e) understand that risk management alone cannot address use errors that lead to safety problems;

f)  recognize the value of incorporating the user’s voice in device development;

g) adapt designs for environmental and clinical contextual considerations;

h) recognize the importance of consistency in design, as well as in the use of signs, symbols, and markings;
i) assess a variety of cognitive and physical human capabilities and limitations;

j) develop an awareness of various user-interface design issues; and

k) develop an understanding, from an HFE perspective, of the appropriate role of new technologies (e.g.,
speech recognition, speech synthesis) in device design.
Use of this recommended practice

Prospective uses: Medical device manufacturers can use these guidelines when designing and manufacturing their
products. Health care facilities can apply the concepts in these guidelines when evaluating devices, trying to prevent
use errors, or analyzing use errors that have occurred. Regulators and other organizational entities can use these
guidelines to assess the design of medical devices both in isolation and as part of larger systems. Students can use
these guidelines to learn more about HFE and good practices in medical device design.

Format and style: The style follows the document structure required for ANSI/AAMI standards. The format is
intended to help users navigate, locate, and use the information they need.
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Guideline philosophy: The material covered in this document is fundamental to good design. This document is
meant to complement other learning avenues such as books, courses, and experience. Special efforts have been
applied to the “human factors/usability” of this document, following the guidelines in this document and in ANSI/AAMI
HE74:2001/(R)2009. Many of this document’'s major sections are interrelated and use similar methodology and
terminology.

Topic completeness: The authors strove to make the topic coverage relevant and sufficiently detailed to provide the
groundwork for skillful HFE in medical device design and manufacturing. However, none of the topic presentations is
comprehensive. References are provided to expand on the material presented and to help users address design
problems germane to that section. Importantly, this document is not a replacement for the skillful application of HFE
by trained and experienced practitioners.

Redundancy and references: In most cases, any redundancy in content across sections is intentional and meant to
reduce the need to reference a different section for critical information. References are made to other sections when
a topic is covered there in more detail or from a different perspective.

Overview of this recommended practice

This document is divided into three main parts: “General Considerations and Principles,” “Design Elements,” and
“Integrated Solutions.” References are provided at the end of each section. Section 3 (Definitions) is a good place to
become acquainted with the HFE terminology used in these guidelines.

NOTE—The first section below is Section 4. Sections 1 through 3 are not listed because they are part of the general framework of
the recommended practice.

General considerations and principles: This part provides general HFE background upon which the remainder of
this recommended practice is built.

Section 4 (General principles) summarizes best practices for general design (from making devices simple to
being consistent with rules of design), which apply to all sections and devices.

Section 5 (Managing the risk of use error) discusses the nature of use error and how HFE should be applied
as part of risk management. This section expands on material found in IEC 62366:2007 and 1SO 14971:2007,
Medical devices—Application of risk management to medical devices. This section has implications for the
design of all devices.

Section 6 (Basic human skills and abilities) presents information about the sensory, perceptual, cognitive and
physical attributes and abilities of users. This section is relevant to the content of many other sections and has
broad implications for many other sections and for the design of all devices.

Section 7 (Anthropometry and biomechanics) describes the extent of human physical capabilities and
limitations and includes data about human size, shape, posture, range of motion, and strength. Prevention of
cumulative trauma is also discussed. This section complements Section 16 (Accessibility considerations),
Section 22 (Hand tool design), Section 23 (Workstations), and Section 24 (Design of mobile medical devices).

Section 8 (Environmental considerations) presents special circumstances regarding the overall variety of
environments in which health care occurs. Physical attributes such as space, temperature, light, and noise are
discussed. This section has implications for the design of all medical devices.

Section 9 (Usability testing) provides detailed methods of planning and conducting evaluations that generate
valid and reliable usability data. This section expands on material found in ANSI/AAMI HE74:2001/(R)2009 and
is relevant to the evaluation of all medical devices.

Section 10 (Signs, symbols, and markings) covers static on-device labels, icons, and mimics and their
organization order, size, and optimal use conditions. Other sections with related material include Section 11
(User documentation), Section 19 (Visual displays), and Section 23 (Workstations).

Section 11 (User documentation) provides guidelines for creating easy-to-use and effective hard-copy or
electronic device instructions, including multimedia. For additional information on device labeling, Section 10
(Signs, symbols, and markings) and Section 12 (Packaging design) should be consulted.

Section 12 (Packaging design) describes the design of medical device packaging, with emphasis on ease of
access, shipping, integrity, and sterilization. Excluded are device enclosures and mobile accessories. Relevant
additional material can be found in Section 10 (Signs, symbols, and markings) and Section 13 (Design for post-
market issues).

Section 13 (Design for post-market issues) discusses principles relevant to the maintenance, reuse, disposal,
and obsolescence of devices. This section has implications for all medical devices.
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Section 14 (Cross-cultural/cross-national design) highlights usability issues related to the design of devices
intended for worldwide use. Different nations and cultures have different preferences, conventions, and
expectations that can have substantial implications for interface design.

Section 15 (Alarm design) presents guidance about the design of alarm systems, warning signals, and similar
notification mechanisms in medical devices. This section complements IEC 60601-1-8:2006, General
requirements for basic safety and essential performance—Collateral standard: General requirements, tests and
guidance for alarm systems in medical electrical equipment and medical electrical systems.

Section 16 (Accessibility considerations) highlights information related to designing medical devices to be
accessible to users with temporary or permanent disabilities. Particular emphasis is placed on flexibility,
adjustability, and multimodal access considerations. Related material can be found throughout this document,
particularly in Section 6 (Basic human skills and abilities), Section 7 (Anthropometry and biomechanics), Section
23 (Workstations), and Section 25 (Home health care).

Design elements: This part describes specific HFE principles geared towards certain user-interface attributes.

Section 17 (Connectors and connections) discusses the physical design of medical device connectors.
Specific issues addressed include the prevention of wrong connections, failed connections, and disconnections.

Section 18 (Controls) discusses decisions about the selection and design of a wide range of controls. Control
design is also affected by issues discussed in Section 10 (Signs, symbols, and markings), Section 19 (Visual
displays), and Section 23 (Workstations). Controls related to hand tool design are addressed in Section 22.

Section 19 (Visual displays) contains guidelines for dynamic output devices, excluding those used to notify
users of alarm conditions. This section discusses design trade-offs for various technologies and
implementations. Display design is also affected by issues discussed in Section 18 (Controls) and Section 23
(Workstations). Static displays are discussed in Section 10 (Signs, symbols, and markings).

Section 20 (Use of automation) discusses issues regarding task allocation, automation, and feedback. Section
21 (Software—user interfaces) covers some related issues.

Section 21 (Software—user interfaces) is a comprehensive description of all electronic user-interface elements
and their respective design considerations. This section complements material presented in Section 10 (Signs,
symbols, and markings), Section 18 (Controls), Section 19 (Visual displays), and Section 23 (Workstations).

Integrated solutions: This part further describes special medical device applications of HFE.

Section 22 (Hand tool design) describes HFE factors relevant to the design of medical hand tools. Special
attention is given to handle design. Other sections with related design guidance include Section 7
(Anthropometry and biomechanics), Section 10 (Signs, symbols, and markings), and Section 18 (Controls).

Section 23 (Workstations) provides guidance on the large-scale integration of multiple device components.
Topics include optimal control—display relationships and integration of furniture with medical device components.
This section complements material covered in many other sections, including Section 4 (General principles),
Section 7 (Anthropometry and biomechanics), Section 10 (Signs, symbols, and markings), Section 16
(Accessibility considerations), Section 18 (Controls), and Section 19 (Visual displays).

Section 24 (Design of mobile medical devices) discusses the design of devices intended to be moved or to be
used in environments that move (including beds, helicopters, and ambulances). It does not address implantable
devices but does discuss wearable devices. Other sections with complementary material include Section 7
(Anthropometry and biomechanics), Section 23 (Workstations), and Section 25 (Home health care).

Section 25 (Home health care) covers the unique attributes and challenges of designing devices for lay users
that are used outside of clinical environments. Other sections that cover relevant material include Section 8
(Environmental considerations), Section 16 (Accessibility considerations), and Section 24 (Design of mobile
medical devices).

The authors hope that you find this document to be a useful resource for the application of HFE to the design of
medical devices. We wish you success in designing a safe and useful medical device or in evaluating the safety and
usability of a medical device.
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1 Scope
1.1 General

This recommended practice addresses a broad range of human factors engineering (HFE) topics in a structured
format. Examples are provided, as are references to more detailed information. The material emphasizes adoption of
a user-centered focus throughout the product design and development process, with the goal of making medical
devices easier to use and less prone to use error.

The presumed users of this document are human factors and usability specialists, software developers, industrial,
biomedical, mechanical, and electrical engineers, and other development personnel. Other users might include
clinicians, clinical and biomedical engineers, and others who evaluate devices before purchase or after use errors
have occurred, regulatory agencies, purchasing entities, and others interested in assessing the usability of medical
devices.

1.2 Inclusions

This recommended practice covers general HFE principles, specific HFE principles geared towards certain user-
interface attributes, and special applications of HFE (e.g., hand tool design).

1.3 Exclusions

This recommended practice does not provide detailed recommendations on all aspects of the human factors medical
device design process (see ANSI/AAMI HE74:2001/(R)20009).
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2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of this AAMI
recommended practice. At the time of publication, the editions indicated were valid. All standards are subject to
revision, and parties to agreements based on this AAMI recommended practice are encouraged to investigate the
possibility of applying the most recent editions of the standards indicated below.

2.1 Association for the Advancement of Medical Instrumentation. Human factors design process for medical
devices. 1% ed. ANSI/AAMI HE74:2001/(R)2009. Arlington (VA): AAMI, 2001.

2.2 Association for the Advancement of Medical Instrumentation. Medical devices—Quality management
systems—Requirements for regulatory purposes. 2" ed. ANSI/AAMI/ISO 13485:2003/(R)2009. Arlington
(VA): AAMI, 2003.

2.3 Association for the Advancement of Medical Instrumentation. Medical devices—Application of risk
management to medical devices. 3 ed. ANSI/AAMI/ISO 14971:2007. Arlington (VA): AAMI, 2007.

2.4 International Electrotechnical Commission. General requirements for basic safety and essential
performance—Collateral Standard: General requirements, tests and guidance for alarm systems in medical
electrical equipment and medical electrical systems. IEC 60601-1-8:2006. Geneva (Switzerland): IEC, 2006.

25 International Electrotechnical Commission. General requirements for basic safety and essential
performance—Collateral Standard: Requirements for medical electrical equipment and medical electrical
systerPs used in the home healthcare environment. IEC 60601-1-11:2010. Geneva (Switzerland): IEC,
2010.

2.6 International Electrotechnical Commission. Medical devices—Application of usability engineering to medical
devices. IEC 62366:2007. Geneva (Switzerland): IEC, 2007.

2.7 U.S. Food and Drug Administration. Quality Systems Regulation. Code of Federal Regulations, Title 21, Part
820.

! IEC/FDIS 60601-1-11 was circulated for final voting on 12 February 2010. If approved, the document should be published by IEC
around June 2010.
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3 Definitions and abbreviations
For purposes of this recommended practice, the following definitions apply.

3.1 accompanying document: Instructions for use, diagram, quick reference guide, service or maintenance
guide, or other information included in the labeling of a medical device.

3.2 affordance: Elements of design (something as simple as a label) that help people perform tasks, ranging
from reading text to selecting the correct control to forming a clear mental picture of how a device works.

3.3 alarm condition: State of the alarm system when it has determined that a potential or actual hazard exists
with regard to the patient, the patient—-equipment interface, other equipment, or the alarm system itself.

NOTE 1—An alarm condition can be invalid because of spurious information from the patient, the equipment, or the alarm system.
Annunciation of an alarm condition when no valid triggering event has occurred is known as a false-positive alarm condition.

NOTE 2—An alarm condition can be rejected or missed because of spurious information from the patient, the equipment, or the
alarm system. This absence of an alarm condition when a valid triggering event has occurred is known as a false-negative alarm

condition.
3.4 alarm limit: Threshold used by an alarm system to determine an alarm condition.
3.5 alarm off: State of indefinite duration in which an alarm system or part of an alarm system does not

generate alarm signals.

3.6 alarm paused: State of limited duration in which the alarm system or part of the alarm system does not
generate alarm signals.

3.7 alarm reset: Operator action that causes the cessation of an alarm signal for which no associated alarm
condition currently exists.

3.8 alarm settings: Alarm system configuration, including but not limited to (1) alarm limits, (2) the
characteristics of any alarm signal inactivation states, and (3) the values of variables or parameters that determine
the function of the alarm system.

NOTE—Some algorithmically determined alarm settings can require time to be determined or redetermined.

3.9 alarm signal: Type of signal generated by the alarm system to indicate the presence (or occurrence) of an
alarm condition.

3.10 alarm-signal generation delay: Time from the onset of an alarm condition to the generation of its alarm
signal(s).

3.11 alarm system: Parts of medical equipment or a medical system that detect alarm conditions and, as
appropriate, generate alarm signals.

3.12 anthropometry: Study and measurement of the physical dimensions and mass of the human body and its
constituent (external) parts. [ISO 15335:2003]2

3.13 assistive technology: Auxiliary equipment used by people with disabilities to perform specific activities.

NOTE—Such equipment includes products used mainly in the home or work environment, such as a text telephone or a screen
reader, and products that people take with them wherever they go, such as a wheelchair or hand-held magnifier.

3.14 audio off: State of indefinite duration in which the alarm system or part of the alarm system does not
generate an auditory alarm signal.

3.15 audio paused: State of limited duration in which the alarm system or part of the alarm system does not
generate an auditory alarm signal.

3.16 biomechanics: Study of the body as it functions relative to internal and external forces acting upon it.

3.17 brightness: Perception elicited by the luminance of a visual target. [ISO 9241-3:1992]°

2 International Organization for Standardization. General requirements for establishing anthropometric databases. ISO 15535:2003.
Geneva (Switzerland): 1ISO, 2003.

% International Organization for Standardization. Ergonomic requirements for office work with visual display terminals (VDTs). ISO
9241-3:1992. Geneva (Switzerland): 1SO, 1992. This standard is now part of the ISO series, Ergonomics of human system
interaction, and was published in 2008 as ISO 9241-307.
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3.18 burst: Group of pulses with a distinctive rhythm or pattern.
3.19 cathode ray tube (CRT) or ray tube: Common type of computer display hardware.
3.20 CFR: U.S. Code of Federal Regulations.

3.21 character height: Distance between the top and bottom of edges of a non-accented capital letter. [ISO
9241-3:1992]

3.22 chromostereopsis: Phenomenon in which two visual objects that differ in dominant wavelength and/or
brightness appear to be at different distances from the viewer. [ISO 9241-8:1997]"

3.23 cognitive deficit: Impairment in memory, attention, and other thought processes resulting from such
conditions as Alzheimer's disease, strokes, prolonged ischemia, hypoxia, arteriosclerosis, use of drugs, or trauma.

3.24 color coding: (1) Assigning colors to different versions of a like object, typically with the purpose of using
the inherent associated meaning of a color to help the user distinguish between the versions (e.g., stop lights,
warnings, and error software messages). (2) Use of design elements, such as shape, color, texture, and placement,
to communicate information, such as the priority of an alarm condition, or to differentiate user-interface components,
such as pushbuttons.

3.25 contextual inquiry: Process of observing and working with users in their normal environment to better
understand the tasks they do and their workflow.

3.26 contrast: See Luminance contrast.

3.27 default settings: Settings or parameters that are in place when the device is first used after purchase or to
which it reverts when customized settings have been deleted (e.g., because of complete loss of power).

3.28 direct access: Access to device capabilities for people with disabilities that depends only on the device
itself.

NOTE—Direct access is achieved through integration of accessibility features into the device interface by means of approaches
such as multimodal interfaces, universal design, and embedded alternative formats.

3.29 distal: Body segment farthest from the center of the body (distal is the opposite of proximal).

3.30 distributed alarm system: Alarm system that involves more than one item of equipment of a medical
equipment system.

NOTE—The parts of a distributed alarm system can be widely separated in distance.

3.31 Du"v": Measure of the color differences between two color values (e.g., the differences between two
locations on a screen displaying the same color) using the Commission Internationale de I'Eclairage (CIE) Luv color
space.

3.32 earcons: Audible counterparts to graphic icons.
3.33 effectiveness: Accuracy and completeness with which users achieve specified goals. [ISO 13407:1999]°

3.34 efficiency: Resources expended in relation to the accuracy and completeness with which users achieve
goals. [ISO 9241-9:2000]°

NOTE—Efficiency in the context of usability is related to productivity rather than to its meaning in the context of software efficiency.
3.35 endurance: Ability to continue, as with a muscular effort, despite the effects of stress or fatigue.

3.36 extension: Unbending of a joint that increases the angle between the bones of the limb at that joint
(extension is the opposite of flexion).

* International Organization for Standardization. Ergonomic requirements for office work with visual display terminals (VDTs)—Part
8: Requirements for displayed colours. ISO 9241-8:1997. Geneva (Switzerland): 1SO, 1997.

® International Organization for Standardization. Human-centred design processes for interactive systems. 1ISO 13407:1999. Geneva
(Switzerland): ISO, 1999.

® International Organization for Standardization. Ergonomic requirements for office work with visual display terminals (VDTs)—Part
9: Requirements for non-keyboard input devices. ISO 9241-9:2000. Geneva (Switzerland): ISO, 2000.

Documents
8 © 2010 Association for the Advancement of Medical Instrumentation a ANSIAAMBIREARS:2008haring Hub

Full document details: ANSI AAMI HE75-2009 (2018)


http://www.avadocuments.com/doc/ansi-aami-he75-2009-2018
http://www.avadocuments.com/doc/ansi-aami-he75-2009-2018

3.37 flexion: Bending of a joint that decreases the angle between the bones of the limb at that joint (flexion is the
opposite of extension).

3.38 flicker: Impression of unsteadiness of visual sensation induced by a light stimulus whose luminance or
spectral distribution fluctuates with time. [ISO 9241-6:1999]’

NOTE—Flicker is associated with the screen refresh rate and decay time of the emitted light (e.g., the decay time of a CRT is
determined by phosphor decay time).

3.39 formative usability testing: Usability testing that is performed early with simulations and the earliest
working prototypes and that explores whether usability objectives are attainable, but without strict acceptance criteria.

3.40 handle: Part of a tool that is held by the user while using the tool and that provides the means for the user to
exert force or control while using the tool.

3.41 harm: (1) Physical injury or damage to the health of people. (2) Damage to property or the environment.
3.42 high-priority alarm condition: Alarm condition requiring immediate operator response.

NOTE—The priority is assigned through risk analysis.

3.43 illuminance: Luminous flux incident on a surface measured in lumens per square meter (or lux).

3.44 indirect access: Access to device capabilities for people with disabilities by supporting connection to or use
with assistive technologies such as screen readers, speech control technologies, captioning technologies, and
wheelchairs.

3.45 information signal: Any signal that is not an alarm signal or a reminder signal (e.g., a waveform, a tone, a
fluoroscopy beam-on indication).

3.46 intelligent alarm system: Alarm system that makes logical decisions based on monitored information
without operator intervention (e.g., an alarm system that changes priority on the basis of the rate of change of a
monitored variable or an alarm system that suppresses an alarm condition when a related alarm condition of a higher
priority has recently generated an alarm signal).

3.47 intended users: Population segment for which a manufacturer has developed a particular device, explicitly
recognizing the group’s specific requirements and characteristics.

3.48 interphalangeal: Pertaining to any of the joints located between the phalanges of the fingers or the toes.
3.49 jitter: Perception of unintended spatial variations in images. [ISO 9241-3:1992]

3.50 labeling: All labels and other written, printed, or graphic matter on any article or any of its containers or
wrappers, or accompanying such article at any time.

3.51 latching: Condition in which an alarm system continues to generate alarm signals for an alarm condition
after its triggering event no longer exists (e.g., until stopped by deliberate operator action).

NOTE—In contrast, non-latching is a condition in which the alarm signals end when the triggering event no longer exists.

3.52 lateral: Lying away from the midline toward the sides of the body (lateral is the opposite of medial).
3.53 lay user: Any user of a medical device who does not have clinical training or experience.
3.54 legibility: Visual properties of a character or symbol that determine the ease with which it can be

recognized. [ISO 11064-4:2004]®
3.55 low-priority alarm condition: Alarm condition requiring operator awareness.
NOTE—The priority is assigned through risk analysis.

3.56 luminance: Light intensity (luminous flux per unit projected area per unit solid angle) reflected from or
emitted by a surface.

" International Organization for Standardization. Ergonomic requirements for office work with visual display terminals (VDTs)—Part
6: Guidance on the work environment. 1ISO 9241-6:1999. Geneva (Switzerland): 1ISO, 1999.

®International Organization for Standardization. Ergonomic design of control centres—Part 4: Layout and dimensions of
workstations. ISO 11064-4:2004. Geneva (Switzerland): 1ISO, 2004.
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NOTE—Luminance is measured in candelas per square meter (cd/m?) or equivalent units (nits or foot-lamberts).
3.57 luminance contrast: Difference between the object and background luminance levels.
NOTE—Luminance contrast is typically expressed as contrast modulation or contrast ratio.

3.58 medial: Lying toward the midline of the body (medial is the opposite of lateral).

3.59 medical device: Instrument, apparatus, implement, machine, contrivance, implant, in vitro reagent, or other
similar or related article, including a component part, or accessory which is:

1) Recognized in the official National Formulary, or the United States Pharmacopoeia, or any supplement to
them;

2) Intended for use in the diagnosis of disease or other conditions, or in the cure, mitigation, treatment, or
prevention of disease, in man or other animals; or

3) Intended to affect the structure or any function of the body of man or other animals, and which does not
achieve any of its primary intended purposes through chemical action within or on the body of man or other
animals and which is not dependent upon being metabolized for the achievement of any of its primary
intended purposes.®

3.60 medium-priority alarm condition: Alarm condition requiring prompt operator response.
NOTE—The priority is assigned through risk analysis.

3.61 mimic: User-interface element (e.g., label, icon, or coding) that simulates or is a topographic representation
of an aspect of the underlying technical, anatomic, or physiological system being displayed or controlled.

NOTE—Most commonly, mimics are graphical representations of the connections between different system elements.

3.62 mobile medical device: Any piece of medical equipment that is transported before use or is used during
transport.

3.63 mobility: Degree of freedom of movement.
3.64 musculoskeletal: Pertaining to the body's system of muscles, bones, and connective soft tissue.

3.65 navigation: Movement through a computerized file or document by means of such mechanisms as menus,
hyperlinks, and free text entries.

3.66 OSHA: Occupational Heath and Safety Administration of the U.S. Department of Labor.
3.67 panel: Monitor that uses a liquid crystal display (LCD).

3.68 parallax: Difference in the apparent relative positions of objects when viewed from different points. [ISO
9241-9:2000]

3.69 percentile: Percentage of a population of which specific characteristics fall below or are equal to a given
value in a cumulative distribution. [ISO 11064-4:2004]

3.70 personal protective equipment (PPE): Specialized clothing or equipment, such as eye and face protection
devices or gloves, worn for protection against a hazard.

NOTE—General work clothes (e.g., uniforms, pants, shirts, or blouses) not intended to function as protection against a hazard are
not considered to be personal protective equipment. [29 CFR 1910.1030]

3.71 phalangeal: Pertaining to the bones of the fingers or the toes.

3.72 physiological alarm condition: Alarm condition arising from a monitored patient-related variable (e.g., high
exhaled anesthetic agent concentration, low exhaled tidal volume, low oxygen saturation measured by pulse
oximetry, high arterial pressure, high heart rate).

3.73 pixel: Smallest addressable element of a display; in a multicolor display, the smallest addressable element
capable of producing the full color range. [ISO 9241-3:1992]

® This definition of “medical device” is the Food and Drug Administration’s (FDA's) definition (Section 201[h] of the Federal Food,
Drug and Cosmetic Act). The ISO definition of medical device is somewhat different.
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3.74 power grip: Basic hand grip used when large forces are to be exerted, typically with the thumb and fingers
on opposite sides of the handle.

3.75 precision grip: Basic hand grip used when control rather than large force is required, typically with only the
fingertips grasping the handle.

3.76 pronation: Act of moving a part of the body to a specific downward position, such as lying face-down,
rotating the hand or forearm to bring the palm downward, or moving the foot to bring the sole downward.

3.77 proximal: Body segment nearest the center of the body (proximal is the opposite of distal).
3.78 pulse: Brief continuous sound having a specific spectral content.

3.79 raster: Predetermined scanning pattern of an electron beam, which provides substantially uniform coverage
of a display screen. [Thorell and Smith, 1990]

3.80 reach envelope: Optimum maximum space accessible to the inended user population with respect to a
specified user position. [ISO 9241-9:2000]

3.81 readability: Characteristics of text that allow groups of characters to be easily discriminated, recognized,
and interpreted. [ISO 9241-3:1992]

3.82 reflective LCD: Liquid crystal display that employs ambient (reflected) light as a light source.

NOTE—The LCD layer is placed between the user and a mirrored surface so that the LCD layer varies the amount of light reflected
back to the display surface.

3.83 refresh rate: Rate at which an electron beam completes a scan of a display screen.
NOTE—Refresh rate is designated in Hz.

3.84 reminder signal: Periodic signal that reminds the operator that the alarm system is in an alarm-signal
inactivation state.

3.85 repetitive motions: Repeated performance of the same body movements, which may ultimately lead to
damage to nerves, tendons, and other soft tissues.

3.86 sagittal: Referring to movement of the body from front to back.

3.87 shape coding: Assigning a unique shape to an object in order to avoid confusion with similar objects that
have different functions.

3.88 simulation (high- and low-fidelity): Modeling a use environment or user interface with a high or low
degree of realism that enables different levels of user-based assessment of the environment or user interface.

3.89 summative usability testing: Usability testing performed in the late stages of design.

NOTE—Summative usability tests include verification and validation, and it is a recommended best practice to have formal
acceptance criteria (e.g., usability objectives for human performance and satisfaction ratings).

3.90 supination: Act of moving a part of the body to a specific upward position, such as lying on the back with
the face upward, rotating the hand or forearm to bring the palm upward, or moving the foot to bring the sole upward.

3.91 task analysis: 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.

3.92 technical alarm condition: Alarm condition arising from a monitored equipment-related or alarm-system-
related variable (e.g., an electrical, mechanical, or other failure; a failure of a sensor or component [unsafe voltage,
high impedance, signal impedance, artifact, noisy signal, disconnection, calibration error, tubing obstruction]; an
algorithm that cannot classify or resolve the available data).

3.93 transfer of training or transfer of learning: As applied to medical devices, application of lessons learned
from using one device to another one.

NOTE 1—Positive transfer occurs when the lessons learned using one device apply correctly to another one (e.g., the user moves a
switch to the “up” position to start a pump).
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NOTE 2—Negative transfer occurs when the lessons learned using one device do not apply to another one, leading to a use error
induced by incompatible designs.

3.94 transflective LCD: Liquid crystal display that uses both reflected light and backlight sources.

NOTE—The LCD layer is placed between the display surface and a semitranslucent mirrored surface, behind which is placed a
backlight. The LCD layer controls the amount of light reflected from or transmitted through the semitranslucent mirrored surface.

3.95 transmissive LCD: Liquid crystal display that employs a backlight as a light source.

NOTE—The LCD layer is placed between the display surface and the light source so that the LCD layer varies the amount of light
transmitted to the display surface.

3.96 unintended user: Anyone not part of the population of intended users.

3.97 usability inspection methods: Inspection methods that involve analytical reviews and systematic
walkthroughs of user interactions with simulated or functioning user-interface designs in order to discover usability
problems.

3.98 usability objective (goal): Desired quality of the interaction between a user and a device that may be
expressed in written form, stipulating a particular usability attribute (e.g., task speed) and performance criterion (e.g.,
number of seconds).

3.99 usability testing: (1) User testing conducted with representative end users to obtain direct information and
observations about how people will use the system, whether they encounter problems, and how they deal with those
problems. (2) Procedure to assess usability and to determine whether usability goals have been achieved.

NOTE—Usability tests can be performed in a laboratory setting, in a simulated environment, or in the environment of intended use.

3.100 use environment analysis: Analysis of the actual conditions and settings in which users interact with the
device or system.

3.101 use error: Pattern of use failure that indicates a failure mode that is likely to occur with use and thus has a
reasonable possibility of predictability of occurrence.

NOTE—Use error can be addressed and minimized by the device designer and proactively identified through the use of techniques
such as usability testing and hazard analysis.

3.102 use-error risk analysis: Analysis focused on the use-error component of fault and hazard analysis for
medical devices.

3.103 use-related hazard: Potential source of harm associated with use error and originating from device use
rather than device failure.

3.104 use-related risk: Combined probability, occurrence, and severity of harm for a given aspect of device use
or for the overall use of a device.

3.105 use safety: How safe a device is when used or the extent to which risks of harm resulting from use error for
medical devices have been either reduced to an acceptable level or eliminated completely.

3.106 user: Person who interacts with the product. [ISO 9241—11:1998]10

3.107 user error: Unusual pattern of failure that indicates a failure mode resulting from fundamental errors by
humans and that has no reasonable possibility of being predicted.

NOTE—User error cannot be prevented or addressed by the device designer.

3.108 user group: Subset of intended users who are differentiated from other intended users by factors that are
likely to influence usability, such as age, culture, or expertise.

NOTE—The user group is also described as a distinct user group.

3.109 user interface: Hardware and software aspects of a device that can be seen, heard, or otherwise perceived
by the human user and the commands and mechanisms the user employs to control the device’s operation and to
input data.

19 |nternational Organization for Standardization. Ergonomic requirements for office work with visual display terminals (VDTs)—Part
11: Guidance on usability. 1ISO 9241-11:1998. Geneva (Switzerland): 1ISO, 1998.
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NOTE—The user interface includes labeling, instructions for use, and training materials.

3.110 user-interface design: Design characterized by early and continuous focus on users and users’ needs in
order to establish user requirements and apply them to the design of controls, displays, and other aspects of the
device that interact with the person using that device.

3.111 user profiles: Summary of the mental, physical, and demographic traits of the end-user population as well
as any special characteristics such as occupational skills and job requirements that could have a bearing on design
decisions.

3.112 validation: Confirmation by examination and provision of objective evidence that the particular requirements
for a specific intended use can be consistently fulfilled. [21 CFR 820.3(2)]

3.113 verification: Confirmation by examination and provision of objective evidence that specified requirements
have been fulfilled. [21 CFR 820.3(aa)]

3.114 viewing angle: Angle between the line of sight and the line perpendicular to the surface of the display at the
point where the line-of-sight intersects the image surface of the display.

3.115 visual angle: Angle subtended at the eye by the viewed object (e.g., a character or symbol). [ISO 11064-
4:2004].

NOTE—YVisual angle is measured in minutes or seconds of arc where 1 degree = 60 minutes of arc. The visual angle is also called a
visual arc.

3.116 voice phrases: Audio instructions given to users by a device to assist them in completing simple tasks.
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4 General principles
4.1 Introduction

Although an understanding of detailed human factors guidelines is helpful when designing a medical device, a
command of the general principles—what some people might informally call “rules of thumb”—is critical. After all,
clinicians and users can usually cope with devices that have specific design shortcomings, provided that the flaws do
not lead to serious use errors or pose insurmountable obstacles to accomplishing a task. In fact, few device—user
interface designs are perfect; they usually violate one specific guideline or another. It can be much more serious if a
medical device violates a general human factors design principle.

Serious violations, such as presenting information too quickly or expecting users to carefully read a manual before
using a device, can render a medical device unsafe and unusable. Designers should focus on meeting the high-level
design principles before they perfect the details. After all, there is no sense in refining a fundamentally flawed
product. In contrast, great products arise from fundamentally correct solutions that are then honed to a state of
excellence.

This section presents several high-level design principles intended to help designers produce fundamentally correct
user interfaces.

4.2 Seek user input
42.1 Involve users early and often

Users can offer invaluable guidance at several stages of user-interface development. Early in the design process,
users can critique existing devices, offer a vision of optimal interactions with the medical device, and help set usability
objectives. As an interface design evolves, testing can identify design characteristics that users like or dislike and,
more importantly, that are difficult to use or cause use errors (see Section 9, “Usability testing”). Toward the end of
the design process, users can help verify near-final designs by participating in usability testing of working prototypes.
Thus, user involvement throughout the design process helps to ensure that the final device meets its intended users’
actual needs. It also avoids last-minute design modifications to address unanticipated usability problems, which can
be quite expensive and which might not be entirely effective.

422 Refine designs through usability testing

Usability testing is arguably the cornerstone of the human factors engineering process (see Section 9, “Usability
testing”). It is good business to thoroughly evaluate a device’s user interface before commercial deployment, when
use error can put patients and users at risk. Progressive manufacturers might choose to extend testing beyond
primary tasks (e.g., using a defibrillator to shock a patient in cardiac arrest) and documentation to include setup,
storage, maintenance, and even repair tasks.

Usability testing is a well established method of discerning user-interface design issues that could affect safety,
efficacy, and satisfaction. In a typical test session, representative device users perform targeted tasks in an
appropriate environment, which could range from a conference room to a sophisticated, high-fidelity simulation of the
intended clinical care environment. The level of test fidelity usually increases as the device progresses from a
concept to a refined prototype. Testing early in the design process and then several more times as the design
evolves is an effective way to prevent user interaction problems from persisting into the later stages of the design
process, when effective solutions to problems are more limited and more expensive to implement.

Test administrators should take particular care when choosing test participants. It is important to find a sample of
participants who accurately reflect the range of user characteristics—rather than, for example, choosing “thought
leaders” who bring special knowledge and motivation to the test. User characteristics that should be considered
include physical attributes (i.e., ergonomics), abilities and skills, needs, and psychological attributes.

4.3 Establish design priorities
431 Keep it simple

In medical device design, simpler is usually better. Most users dislike devices equipped with all the “bells and
whistles,” especially if the “extras” get in the way of performing basic tasks. Indeed, some medical devices are loaded
with features intended to give the products a competitive advantage against competing products. Yet, features aimed
at enhancing sales can cost a company customer goodwill if they complicate device operation. Accordingly,
designers are well served to produce devices that focus on the basics and exclude features offering little day-to-day
value. Adding complexity for “bells and whistles” that interfere with initial ease of use is usually not worth it. That said,
designers should be careful about eliminating advanced features that offer real value to sophisticated users, even if
such users are a small percentage of the user base. In such cases, faced with divergent market needs,
manufacturers should consider developing two products rather than a single, compromised version (Figure 4.1).
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Similarly, designers should seek ways to limit the level of skill needed to maintain and repair a device, as well as the
number of steps and the need for special tools.

e —,

89

Figure 4.1—Different devices for different use populations. Ultrasound scanners from
different manufacturers are targeted toward different user populations and use
environments. The scanner on the left is intended for highly mobile use by less

sophisticated users than the one on the right.

4.3.2 Ensure safe use

Medical devices should minimize the risk of injury (both physical and psychological) to users or patients during
normal and emergency use. Applying this principle to a computed tomography (CT) scanner, designers should
promote design solutions that reduce users’ risk of trauma from moving parts and that prevent patients from feeling
claustrophobic because of being enclosed in a tight space. Applying the principle to a portable patient monitor,
designers should avoid placing a heavy instrument on a wheeled pole that is vulnerable to tipover, an outcome that
could injure both clinicians and patients, cause property damage, and disrupt the care delivery process. Designers
should also consider the consequences of dynamic user interactions. For example, a portable glucose monitor for
home use should be designed so that the control-display relationships minimize the risk of the diabetic user (who
could have a dangerously low blood sugar) collecting the sample incorrectly or misreading the resulting value. Thus,
potential device-induced harm can result from static design characteristics (i.e., the physical design can have
mechanical consequences) or from use errors during device interaction (Figure 4.2).

433 Ensure essential communication

During busy and stressful moments, people must work harder to communicate with each other, which might lead
them to raise their voices, repeat themselves to make sure they are heard, or even grasp someone’s arm to get their
attention. Similarly, a well designed medical device should be capable of reliably communicating critical information,
such as a life-threatening change in a patient’s vital signs, during busy and stressful moments. To do so, the device
probably needs a sufficiently loud auditory alarm signal to complement a visual alarm signal, thereby using two
sensory channels to increase the chance of detection. Moreover, the visual alarm signal might flash to draw attention
and the auditory alarm signal might be set at an attention-getting frequency.

NOTE—Standards have taken such needs into account, leading to alarm signals that some users might find annoying when they
occur at contextually inappropriate times (e.g., false alarms). See Section 15, “Alarm design.”

Accordingly, devices should employ redundant methods of communicating vital information. Also, when possible,
devices should provide users with a clear and concise explanation of any problem (including the source) and how to
correct it. Finally, all designs should be evaluated in the context of the overall use environment, including other
devices commonly used there, to ensure that the design solution does not result in unintended consequences,
including impaired clinician—patient, clinician—clinician, or clinician—device communication.
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Figure 4.2—Portable device configured for safety and usability. To enhance mobility, safety,
and convenience when responding to a medical emergency, a defibrillator, oxygen bottle,
and IV pole are mounted on a stable cart.

4.3.4  Anticipate device failures

Devices will fail. When they do, it is important to communicate the failure to users and, when possible, indicate the
cause and recommended remedial actions. Such communication is especially important if a failure places a patient at
immediate risk (e.g., failure of an air-in-blood detector). Ideally, devices should fail safely, but human intervention
might be needed to ensure a safe outcome.

Therefore, designers should consider the full range of device failure modes (including use errors) and develop
strategies and detailed user interfaces or other solutions for coping with them, including dynamic enunciation of
anticipated failure modes with suggested prevention or mitigation strategies. The cause of the failure and proper
remedial or coping actions should be communicated clearly and concisely.

4.3.5 Facilitate workflow

Humans are resistant to change. Users will be reluctant to learn and to use a new medical device (or new device
model) unless they appreciate a real payoff in terms of work efficiency or effectiveness. Therefore, designers should
understand how their device could affect the user and the task environment, including task information flow and user
workload. Analysis of how people will use the device will help designers organize the user interface to facilitate
urgent, frequent, and critical tasks. For example, designers might want to provide a dedicated, surface-level control
for recording a physiological waveform rather than relegate the control to a lower-level software screen. Potential
device uses should be formally analyzed using techniques such as contextual inquiry, task analysis, or usability
testing.

4.4 Accommodate user characteristics and capabilities
441 Do not expect users to become masters

Most users master only the device’s critical (from their perspective) features, even if the device is only modestly
complex (Table 4.1). In other words, practical-minded and time-pressed users master just the features that they use
frequently. Users tend to disregard other device features until they are forced to deal with them, expecting at that time
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to draw on their experience, intuition and peer support to operate the device correctly. Accordingly, designers should
make infrequently performed tasks particularly intuitive (especially if the task is life-critical) because most users will
approach them in the same manner as novices.

Table 4.1—Comparison of varying levels of mastery of infusion pump tasks

Sample user Level of mastery of performing specific tasks
Determine the total volume | Set up a “piggyback” Change the battery
of IV fluid infused infusion
Nurse X High Medium Low
Physician Y Medium Low Low
Biomedical Engineer Z Medium Low High

4.4.2 Expect use errors

Many things contribute to device use error. Therefore, while maintaining a respectful view of users, designers should
assume that users will make errors. They should not assume that all users will operate a device with equivalent levels
of preparation, attitude, vigilance, or motivation. Instead, a disconcerting proportion of users might have insufficient
training, might have forgotten their training since last using the device, might have insufficient aptitude for interacting
with technology, might become fatigued from working long hours (Weinger and Ancoli-Israel, 2002), or might be
rushing or distracted by other tasks. Designers should overestimate, rather than underestimate, the chances of use
errors (see Section 5, “Managing the risk of use error”). Thus, designers should make the errors obvious to users,
provide for rapid error recovery, and guide users through the recovery process. For example, if the user inadvertently
types in the wrong dose of drug to be administered (e.g., the user hits the 7 key instead of the 1 key and an
excessive dose is specified), the infusion device’s software could indicate that the resulting dose is greater than that
allowed by the hospital for this drug and then provide the acceptable dose range.

4.4.3 Accommodate diverse users

It is perilous for designers to assume that user populations are homogeneous. All users are not just like them. Many
human factors researchers conduct fieldwork leading to the formulation of user profiles of typical as well as extreme
users that can help to guide the design effort. Some devices have small and specialized populations of users, such
as highly trained interventional cardiologists who operate catheterization laboratory equipment. In contrast, over-the-
counter devices, such as glucose meters, blood pressure monitors, metered dose inhalers, and infant apnea
monitors, are used by quite diverse individuals, including the young, the old, and people with disabilities (see Section
25, “Home health care”). Designs should accommodate the needs of users who have different sizes, shapes, physical
abilities, intellectual capabilities, and experiences (see Section 6, “Basic human skills and abilities,” and Section 7,
“Anthropometry and biomechanics”). A simple example of accommodating user diversity is the design of a surgical
tool that can be used comfortably by individuals with either small or large hands (see Section 22, “Hand tool design”).
Other examples include a patient data entry screen used by people who have extensive computer experience as well
as those with relatively little experience, or a mammography machine that is usable by both healthy individuals and
those in wheelchairs.

Figure 4.3—Nebulizer users of varying ages. A medical device must accommodate a wide
range of potential users with different cognitive, emotional, and physical capabilities.
[Photos ® PARI Respiratory Equipment, Inc.]
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4.4.4  Maximize accessibility

The term “accessibility” has traditionally been associated with architectural features, such as sidewalks, building
entrances, and restrooms. Features such as curb cuts, automatic doors, and restroom stalls equipped with assist
bars are products of regulations and political activism that have improved accessibility to public spaces. In recent
years, consumer electronic and information technology products have incorporated features that make them more
accessible to users with physical or sensory impairments. For example, U.S. government websites now describe all
figures in the text. Medical devices can be improved similarly to make them more usable for people with a wide range
of cognitive, perceptual, and physical disabilities (see Section 16, “Accessibility considerations”). Devices will be
made more accessible to such users (e.g., people with limited range of motion or sensory-motor control) if they are
considered when designers are establishing user requirements and then designing to those requirements (Figure
4.4). An example of an accessible therapeutic device is a glucose meter that provides directions and meter readings
verbally to facilitate use by individuals with visual impairments.

Figure 4.4—A personal emergency pendant communicator allows communication with the
push of a button..
[Courtesy LogicMark, LLC]

445  Consider external factors that influence task performance

Sometimes, people use medical devices in a relatively isolated manner (e.g., a user reprograms an insulin pump
while seated at a desk in a quiet room). However, people often use medical devices in more distracting settings that
could be quite noisy or particularly hot (e.g., outdoor settings or ambulances on hot days) (see Section 8,
“Environmental considerations”). Other people near the medical device could be vying for the user’s attention. Users
might have to split their attention among several devices or could be wearing protective gear (e.g., glasses and
gloves) to prevent contamination or injury. Designers who consider these and other external factors might learn that a
design is incompatible with some uses; for example, a paramedic might find it difficult to press a button while wearing
thick gloves or to read a display at an acute angle (Figure 4.5).

., )

F -

Figure 4.5—Devices might be used in very constrained spaces.
[Courtesy Medusa Medical technologies, Inc.]
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4.5 Accommodate users’ needs and preferences

45.1 Prioritize user input

Medical device users, particularly at large hospitals that purchase large numbers of devices, often ask manufacturers
to customize devices according to their institutions’ needs. Such requests might motivate designers to design
configuration options for devices. This approach supports the appropriate goal of making devices adapt to the users,
rather than the other way around. However, such adaptability could make user interfaces less stable or less
predictable and even compromise performance. Users accustomed to one device could be confused when they
encounter a similar device with a completely different setup. For example, a nurse who works at several different
hospitals each week might encounter infusion pumps that look the same but work quite differently, setting the stage
for use errors because of negative transference. One solution is to limit user-interface variability by developing
optimal solutions for all users (when possible) and then making the remaining interface differences obvious. This
approach might be resisted, however, because it asks manufacturers to sacrifice brand identity and competitive
advantages in favor of commonality.

Manufacturer compliance with de facto industry standards might be compromised by existing patents and licensing
agreements. An alternative is to design a device that can be readily set to a particular institution’s or individual's
preferences, thereby accommodating market niches, while ensuring that such preferences do not impede typical
users. Finally, designers should remember that although users might express specific needs and preferences—or
even suggest a detailed design—their suggestions might prove unworkable, undesirable, or unreliable. Designers
should act as interpreters, taking and prioritizing input from users while also applying their own expertise and
creativity to produce the best possible designs.

When interface design tradeoffs (e.g., better brand identity vs. potentially improved usability by conforming to industry
conventions or user expectations) are made explicit, empirical testing (i.e., functional usability testing) can be
performed to better inform corporate decisions.

45.2 Do not rely exclusively on “thought leaders”

It can be tempting to rely on guidance from accomplished clinicians or clinician technophiles, sometimes referred to
as “thought leaders.” However, such individuals might not use the pertinent technology regularly. Similarly, there
might be pressure to rely on individuals who represent large accounts, the goal being to give extra emphasis to those
particular institutions’ needs in order to retain their business. Indeed, such individuals can be an excellent source of
design input, particularly with regard to identifying user needs and preferences. However, thought leaders and
existing clients might have a relatively more sophisticated viewpoint as well as more extensive knowledge of device-
specific design issues and tradeoffs. Also, such individuals might push a particular design solution harder than
appropriate because of preconceived biases or an emotional investment. Finally, existing customers who are familiar
with predecessor devices might bias designs away from design improvements that would actually improve device
performance but represent new hardware investment and retraining. Accordingly, design teams should seek input
from a wide variety of users who are appropriately representative of typical intended users.

453 Let users set the pace

Human beings generally become annoyed when machines set the work pace. It is inevitable that the pace will be too
slow or too fast, owing to individual performance differences as well as differences over time (e.g., changes in
performance because of fatigue). Moreover, machine-paced tasks do not always allow for work stoppages or
interruptions (e.g., emergency situations). Thus, humans tend to prefer to feel that they are “in control” of processes
and technology. Designers should let users set the work pace (e.g., by requiring them to provide a confirmation of
task completion before proceeding to the next step in a procedure).

4.6 Establish realistic expectations of users
46.1 Do not rely on training

Medical device users do not often receive complete and proper training before using a given device. The pace of
clinicians’ work leaves little time for training or time to read instructions for use. A new employee or a substitute nurse
might not have received the necessary training when he or she uses a device, institutional policies notwithstanding.
Even users that receive the proper training might forget what they learned by the time they use the device, especially
for devices used infrequently (e.g., a few times per year). Frequent device users can simply forget or become
confused about how to perform a less common task. Accordingly, medical devices should be designed for intuitive
operation even if designers expect users to be highly trained.
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4.6.2 Do not rely on instructions for use

Designers should not expect users to review and absorb information found only in the instructions for use. Users
might disregard the best instructions in favor of a hands-on demonstration (i.e., an in-service) from a sales
representative, staff educator, or knowledgeable peer. The instructions for use are often inaccessible to users when
they are needed. Although the instructions for use might describe a device’s theory of operation in a helpful manner
or even provide essential understanding of a device’s performance, it is unlikely that many users will read those
instructions. In most cases, a user’s workday is too hectic to spend the time thoroughly reading, or even skimming, an
instruction manual. Even instructions for use placed on the device itself, perhaps in the form of a label or on-line help
system, might not ensure their use. Many users simply ignore them in favor of other learning methods. Therefore,
designers should account for the reduced opportunity to inform device users through documentation by making
devices as intuitive to operate as possible.

4.6.3 Do not rely on warnings

The presence of many warnings, which might appear on the physical device or software screens, often indicates
user-interface shortcomings (see also Section 15, "Alarm design”). The best way to address a hazard is to either
eliminate it or guard against it. Designers should treat warnings as a last option for preventing problems, particularly
those that could lead to injury or property damage. Unfortunately, many products are “papered” with warnings,
particularly when development teams do not follow a rigorous human factors design process. The later that usability
and safety issues are identified in the development process, the more difficult it is to institute fundamental design
corrections, forcing designers to rely on warnings. This solution is problematic not only because it leaves design flaws
intact, but also because the presence of many warnings can lead users to pay less attention to any one of them. In
other words, users experience “warning fatigue” when multiple warnings compete for attention with the myriad of
component labels, property stickers, and hand-written notes.

4.6.4 Do notrely on users’ memory

Users can be forgetful, become distracted by other tasks, or be interrupted during device use. Therefore, designers
should not depend on users to remember information needed to perform a task (e.g., a test result or numerical code).
It is far better to present to users the crucial information they need to perform a task correctly. It is also helpful to
bring required tasks to the user’s attention. Moreover, such use information should be provided to users as nearly as
possible to the time they need that information (i.e., “just in time” information).

4.6.5 Avoid information overload

Medical devices often flood users with more information than they can possibly use to accomplish tasks, resulting in
information overload, a condition in which the user cannot receive and process information quickly enough for it to be
useful (see 6.2.5, "Human information processing”). Again, providing information just-in-time, with a clear route to
obtain secondary information, as needed, will reduce information load. For example, an at-home dialysis patient
usually wants to know that “everything is OK” and how much time will elapse before their treatment is complete. They
might only occasionally want to check their blood pressure, volume status, the amount of fluid “taken off,” or other
dialysis parameters. A second example is emphasizing values in a list that exceed set limits, rather than making
users recall the limits and search the entire list for excursions from those limits.

Another solution to reduce data overload is to preprocess information, relieving the user of the task. For example, a
device might graph the relationship between two parameters and indicate minimum and maximum values, thereby
performing work users would otherwise need to do in their heads. It is important to avoid oversimplifying information
to the point that important contextual information and subtle nuances are lost by providing access to more granular or
rich data as needed.

4.6.6 Do not assign users tasks that are better suited to the device

One effective way to reduce user workload is to automate functions that the device can perform more efficiently than
can most human users (see Section 6, “Basic human skills and abilities”). People prefer to be actors rather than
observers in a process, except when the required actions are tedious or unduly fatiguing, take them away from more
important tasks, or are clearly performed better by machines. There are many examples of functions better allocated
to technology. A device is usually better at monitoring a steady-state process for unusual events, something that
eventually fatigues most people and can lead to reduced vigilance. A computer-based device easily retains
information that users will be more likely to forget. A robotic device can hold an instrument steadily in a precise
position for long periods of time. In contrast, some functions should not be automated if humans can perform them
better. Humans are generally better than machines at complex problem-solving and pattern recognition. Even then,
computer-based preprocessing could be advantageous (e.g., in improving signal-to-noise ratios).

Designers should automate tasks skillfully to avoid “clumsy automation” (allocation of functions to machines that are
performed more effectively by humans) that adversely affects overall user performance. Even if devices perform
some tasks better, designers should avoid shifting so many functions to the device that users lose their ability to
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respond to emergencies. In short, users and machines should be assigned the tasks they are best qualified to
perform, and the distribution should ensure safety and user satisfaction.

4.7 Consider real-world demands
4.7.1 Consider the context of use

Designers tend to create designs that work reliably for trained users who focus their full attention on operating the
device in a quiet environment. However, medical devices are commonly used by a variety of users in multiple use
environments, often concurrently with other devices. Users of medical devices could be distracted, fatigued, and/or
less well trained. Clinicians often work in chaotic environments where they must focus more attention on their patients
than on their equipment. These real-world conditions will significantly affect the user’s interactions with a medical
device (e.g., by masking audible signals and interfering with the user’s focus and concentration) (Figure 4.6).

Designers must consider realistic use conditions. The first step is to learn about users through field research
conducted in an unobtrusive manner that reliably yields an understanding of how people actually work, what functions
the device must perform, and how device use could affect other tasks. Researchers often discover that medical
devices, particularly those that function relatively autonomously and only require occasional checking, are rarely at
the forefront of users’ attention. An important later step is to test the impact of the new device on the ability of users to
deliver quality care and to evaluate how the device interacts with other devices and work demands. Well designed
medical devices tend to fit naturally into the home or workplace, garnering favorable reviews from users. Flawed
devices tend to draw users’ dissatisfaction, generating complaints about how the devices interfere with the normal
workflow and require too much attention.

Figure 4.6 —Paramedics use a myriad of medical devices in a moving vehicle. The use of
multiple devices in a noisy vibrating high-stress environment can complicate device-related
tasks, such as reading a display or operating controls.

4.7.2 Consider worst-case scenarios

In the normal course of device development, engineers intentionally drop devices from table height or shake them for
hours in a test chamber to see if and how they break. User-interface designers should perform equivalent tests of
their designs. In other words, designers should subject user interfaces to bad or worst-case scenarios to see if and
how they fail (see Section 5, “Managing the risk of use error”). The goals are to see how well untrained or minimally
trained users operate an unfamiliar device, to observe people using a device under harsh environmental conditions
(e.g., at night in a lurching and vibrating helicopter), and to see what happens when people have minimal time to
perform a difficult task (Figure 4.6). By stressing the user interface, designers learn how to improve it for real-world
use. It should be noted that minimizing the risk of faulty design or use errors that cause injuries requires an integrated
approach that includes rigorous design practices, usability testing, and risk analysis.
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4.7.3 Make devices as rugged as necessary

Some medical devices take a beating during their useful life, which could span more than 20 years of daily use
(Figure 4.7). User-interface components, including all electronic and mechanical components, should be designed to
last this long. Heavily used devices that are subject to frequent jostling and impacts require heavier-duty user-
interface components (e.g., switches that are unlikely to break even if struck with considerable force, screens that will
not crack when hit by the head of a falling stethoscope, labels that remain readable after years of being scrubbed with
antiseptic solutions). Interface designers need to balance ruggedness against other design goals, such as ease of
switch actuation and avoidance of display parallax.

Figure 4.7—Devices should be rugged enough to accommodate their intended use. This
patient transport device’s rugged design specifically facilitates smooth transport of patients
up and down stairs.

4.7.4 Limit user workload

Device users are often overworked. Clinicians endure vigorous 12-hour or longer shifts, sometimes for many days in
a row. Users might actively or passively reject medical devices that require too much mental or physical effort to use.
They will seek shortcuts and develop workarounds if a device distracts them from more important tasks, even if
institutional policies discourage such work-saving strategies. Designers should pursue opportunities to reduce the
time required for users to learn how to use and operate devices. For example, a high-quality succinct instructional
video combined with a quick reference card might shorten the time required to learn to operate a ventilator. A point-
of-care blood gas analyzer might allow a clinician to begin entering data while it completes its calibration check or
prepares to analyze a sample.

4.7.5 Consider the potential for device migration into other uses or use environments

Many medical devices migrate from sophisticated medical settings, such as an intensive care unit, to less
sophisticated settings, such as step-down units, outpatient clinics, and even patient's homes (see Section 25, “Home
health care”). A device intended for use on pediatric patients might be used on small women. The device
manufacturer’s original design might not have anticipated such migration or considered the needs of these new user
populations, resulting in problems for both the new users and the manufacturer. For example, a parent is caring for a
sick child at home using an infusion pump designed for in-hospital use and a pulse oximeter as an apnea monitor.
(An oximeter is not intended to be used as an apnea monitor because oxygen desaturation is a relatively late
indicator of apnea.) Although these uses are both off-label, the parent’s lack of sufficient medical knowledge of or
training on how to use such devices properly might lead to a use error that could result in loss of life and, in turn, a
costly lawsuit against a clinician, hospital, or manufacturer.

Such scenarios underscore the value of anticipating alternative uses of medical devices, even those that a
manufacturer specifically warns against. After all, manufacturers are probably better off protecting users against
hazards associated with predictable, unintended device uses than reacting to a product liability or personal injury
claim and the associated poor publicity (see Section 5, “Managing the risk of use error”). Furthermore, certain kinds
of medical devices should be designed for intuitive use by laypersons, even if the device is not expressly intended for
use by such individuals. After all, many devices, like infusion pumps, were initially intended for clinical institutional use
but are already being used (off-label) in patients’ homes (see Section 25, “Home health care”).
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4.8 Develop compatible designs
481 Accommodate mental models

People frequently have a mental model or expectation of how a new device “works.” Usually, this expectation is
based on previous experience using similar devices. Users might expect certain controls to function in a particular
manner and are surprised if a control functions differently. For example, clinicians expect to turn a knob to increase or
decrease the flow of a gas. They might similarly expect to turn a key (or push a button) to start and stop a motor.
Users are more likely to be confused by a medical device with both of these controls on its front panel if they work
differently than they expect. Or, users might try to configure a device the way they were taught in nursing school, only
to find that this device requires a different approach. Such incompatibilities can make a device difficult to learn to use
and can induce errors. Designers should identify users’ established mental models and, when possible, try to
accommodate them.

When a device interface must be changed, designers might be better off making major rather than minor changes
because the differences are then more obvious. Designers should also provide “affordances” that help users form an
accurate mental model of how a device works. Affordances might include organizing the user interface according to a
simple “metaphor” or providing abundant labels, clear and redundant feedback in response to user inputs, helpful
messages, warnings, and a quick reference card that emphasizes how this device is different from other seemingly
similar devices.

482 Establish natural or conventional mappings

When people associate an action (e.g., turning a knob clockwise) with a response (e.g., turning off fluid flow), they
are mapping that action to an expected outcome or result. Squeezing the bag on an anesthesia machine to fill a
patient’s lungs with air is an example of a natural mapping; the action and outcome are largely self-evident. Turning a
knob on an anesthesia machine clockwise to increase the rate of gas flow is an example of a conventional mapping.
Although it might not be self-evident to a totally naive individual, experienced anesthesia providers perform that task
in an automatic, subconscious manner. Devices that use natural or conventional mappings are more intuitive to
operate (Figure 4.8). Devices with incorrect or unconventional mappings take longer for users to learn and generate
more use errors. The challenge for designers is to establish effective mappings, especially when natural or
conventional mappings that have emerged over time depart from a given company’s established practice. When
conventional mappings differ among user populations (e.g., clinicians in France, Japan, and the United States), it
might be appropriate to customize devices to the given market or optimize the mapping through a rigorous process of
design iteration and usability testing. More information on how to design interface elements to be more intuitive is
provided in other sections of this document (e.g., Section 8, “Environmental considerations,” Section 19, “Visual
displays,” and Section 23, “Workstations”).

Figure 4.8—Use of graphical elements might improve display-control usability. This power
injector’s software screen provides an intuitive way to configure the device for scanning
specific body parts by mapping control elements to corresponding body parts.
[Source: EZEM (design) and Wiklund Research & Design (photo)]
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4.8.3 Follow industry conventions and consensus standards

Manufacturers often try to make their devices stand out from competitor’'s devices, thereby fortifying their brand
identity and competitiveness. On the other hand, device users value consistency, particularly with regard to
operational characteristics. When a new device works like similar devices, including consumer products such as
cellular phones and word processing software, users can apply past experience more readily to the new device,
reducing their learning time. Human factors specialists call this positive transfer. Therefore, designers should not
diverge substantially from conventional design practice or industry standards without a compelling reason to do so.
There can be very good reasons to deviate, such as a demonstrable increase in design intuitiveness, task efficiency,
or error prevention. To foster innovation and continual design improvements, designers are encouraged to challenge
de facto conventions and incorporate new designs if there is good evidence that the alternative will lead to better user
performance. On the other hand, making a device different for the sake of being different is a poor practice. For
example, designers should not diverge from the standard color codes for visual alarm signals, simply because they
think a magenta-colored visual alarm signal is more conspicuous than a red one or the company’s branding scheme
dictates use of the nonstandard color. Users have learned that high-priority visual alarm signals are red and expect all
devices to use this convention. Moreover, the use of red color-coding for other than conventional uses (e.g., alarms,
stop, and emergency) will meet with user resistance and could increase use errors.

4.9 Optimize user interactions to enhance safety and effectiveness
49.1 Make devices error-tolerant and fail in a safe manner

Consistent with modern principles of resilience engineering, device designs should be tolerant of error to minimize
harm to users or patients. Design approaches to enhance error tolerance include designing for the device to fail
safely, considering the overall context of use, providing more information about the implications of use actions,
making use errors or unwanted deviations visible to users, making potential risks more visible to users, and
facilitating error recovery.

A basic engineering design principle is to fail safely. For example, a household iron shuts itself off if the user fails to
do so. Failing in a safe manner is even more important for medical devices because patient lives are at stake. The
concept of failing in a safe manner can be extended from electromechanical failures to use errors. For example, a
laser treatment device should not fire if the emergency stop control is inoperative. Moreover, if a critical device
component like a control fails, an alternative means of control should be provided. For example, if a pump’s stop
switch is damaged, a mechanical means of ceasing pump action should be readily apparent to the user.

4.9.2  Avoid physical strain, repetitive motions, and cumulative traumas

The repetitious nature of many medical procedures, such as firmly squeezing and releasing a surgical stapler, puts
users at risk of repetitive motion or cumulative trauma disorders (see Section 22, “Hand tool design”). Designers
should try to reduce the number of repetitive actions required to operate a device (see Section 7, “Anthropometry and
biomechanics”). They should also try to minimize manually applied forces, eliminate pressure points between devices
and users, and allow users to maintain neutral joint positions. Designs should limit the amount of time users are
required to apply a constant force (e.g., continuously squeeze the handles on a grasping tool), even if the force is
relatively small. A relatively simple design change will often achieve these goals.

4.9.3 Help users anticipate future events

To provide the best patient care, clinicians generally try to predict the most likely course of disease manifestations
and therapeutic interventions. In other words, users try to figure out what is going to happen rather than simply what
is currently happening or what happened in the past. This is especially true for situations in which a user is delivering
a therapy that can have a dramatic effect on the patient’'s physiological state, such as the intravenous delivery of a
blood pressure medication. When possible, designs should help users “see ahead.” For example, a monitoring device
might model or forecast patient variables in the next 5, 10, and 30 minutes. A gas insufflation device might provide an
indication of when a desired pressure (or volume) within the body cavity will be attained.

4.9.4  Confirm important actions

Confirmation messages can serve an important or even critical purpose, considering that some user actions are
irreversible and could lead to injury (Figure 4.9). Therefore, even though some users might regard confirmation
messages as a wasted extra step, the benefit of such messages in safety-critical situations often outweighs the
annoyance they cause. The benefits of confirmation messages should be substantiated through user testing to
ensure that they do not replace one problem with another, such as users confirming their actions without thinking
about it (i.e., performing tasks in a rote manner).
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Before starting
flouroscopy, confirm

that you and all
clinicians in the
workspace are wearing
a lead apron and a

thyroid protector.

Cancel | Confirm |

Figure 4.9—Sample confirmation message. The message provides users with the
opportunity to easily read, understand, and confirm the safety information it presents.

495 Make critical controls robust and guard them

Medical devices might be handled roughly, particularly if used outdoors or under emergency conditions (e.g., patient
resuscitation procedures or “codes”). Because all medical devices might be dropped or bumped, all user interfaces
need to be designed to prevent accidental actuation of critical controls. For example, incidental contact with a
device’s front panel should not deactivate a device or alter a critical control setting. Many medical devices have
physically guarded power buttons and require users to confirm critical adjustments (see Section 18, “Controls,” and
Figure 4.10).

Figure 4.10—Mechanical constraints prevent inadvertent control activation. Emergency stop
button on a scanner is recessed to prevent inadvertent actuation.

49.6  Clarify operational modes

One way that designers seek to simplify medical devices is to incorporate multiple operational modes. In principle,
multiple operational modes are a sensible way to facilitate context-specific tasks and to limit user exposure to
extraneous capabilities. However, problems can arise if the user does not realize the medical device is in the wrong
mode (often called “mode error”). For example, critical care nurses were observed inadvertently monitoring patients
using a monitor that was in “Demo” mode and thus was not accurately portraying the patients’ actual physiological
conditions. Although Demo mode might be a useful feature for sales personnel or during user training, inadvertent
conversion by a clinician to this mode during actual patient care is a life-threatening situation and puts the
manufacturer at tremendous liability and market reputation risks. Accordingly, designers should make operational
modes and their characteristics readily apparent.

49.7 Employ redundant coding

Redundant coding of displays and controls can be a powerful way to ensure reliable device operation (see Section
18, “Controls,” and Section 19, “Visual displays”). The concern is that a user, who could be fatigued and distracted,
might actuate the wrong control or mistake one value for another (e.g., a “1” for a “7”). These kinds of use errors are
less likely if displays and controls employ more than one means of coding. Coding options include varying the size,
shape, color, texture, markings, or placement of the user-interface element. For example, anesthesia machines use
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redundant coding (knob color, shape, texture, and position) to ensure that users turn the correct knob to increase the
flow of 100% oxygen versus air or nitrous oxide (see Section 23, “Workstations”).

49.8 Design to prevent user confusion

While trying to make devices compatible, designers should also consider when it is appropriate to make devices or
device components distinct. For example, it is advantageous to distinguish power cable receptacles from sensor
cable receptacles, thereby avoiding circumstances in which a user might plug a patient sensor lead into an AC outlet
and shock the patient. Devices and their components can be distinguished using the coding methods described in
4.9.7. In the case of plugs and receptacles, size and shape coding are particularly appropriate, making it impossible
for a user to fit a particular plug into the wrong receptacle.

499 Don’t neglect device appeal

Human factors are not only about safe and effective task performance, but also about user satisfaction. Designers
should try to make medical devices pleasing to use. One payoff from making devices visually appealing is that
patients, particularly children, might find them less frightening. Moreover, users might be more motivated to use
appealing devices properly (Figure 4.11). Added appeal might also increase vigilance and job satisfaction. For
example, a user might pay closer attention to a display with a pleasing appearance that also draws attention to
important information than to one that has a garish appearance (see Section 21, “Software—user interfaces”). A user
might be drawn to a portable patient monitor because of design qualities that extend beyond functionality to boost
appeal (e.g., an enclosure that looks attractive and easy to handle). The same can be said of tools that look
comfortable to hold. However, medical devices intended for use in the home should not look like toys or children
might try to play with them.

©))

Figure 4.11—Physical design attributes affect use effectiveness, safety, and user
satisfaction. Attention to visual and tactile design considerations, such as rounded
surfaces, distinguished controls, and other styling cues, contributed to these devices’
usability and appeal and earned this sinus cavity surgical device (left) and eye examination
device (right) a medical design excellence award
[Photos courtesy of Gyrus ASMI (left) and Welch Allyn (right).]

4.10 Summary

The general considerations discussed in this section represent many of the most important factors to consider during
design of a medical device—user interface. Accordingly, readers should regard them as a starting point and
supplement them with the additional considerations presented in the following sections of this recommended practice
and in other reference documents.
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5 Managing the risk of use error
5.1 Introduction
5.1.1  Overview

Reports compiled by the Food and Drug Administration (FDA) indicate that as many as one-third of “device failures
that involve use of medical devices and that result in suboptimal medical treatment, injuries, and even deaths appear
to be failures of device use rather than failure of the device itself. Multiple cases of device recalls resulting from clear-
cut problems have been successfully addressed by modification of the device—user interface, the source of the
problem. It is desirable to prevent unfortunate use-related “failures” before they become part of the health care
system. This section provides guidance on the key concepts and procedures that should be applied during the design
of medical devices and, more specifically, the user interface of medical devices. Specifically, guidance is given
regarding the following key areas:

a) Use-related hazards vs. traditional device failure hazards
b) The concept of human (device user) behavioral variability
c) The concept of a use error
d) Potential causes of use errors
e) Methods that should be employed to identify use errors in pre- and post-market phases
f)  Accepted methods for controlling and mitigating use-error risks
g) Integration of the use-error management process within the device design process
h) Documentation of use-error risks
5.1.2  Use-related hazards vs. traditional device-failure hazards
Device hazards can be categorized into two distinct areas (Figure 5.1):

a) Device failures: Mechanical, electrical, biochemical, or other system-related problems that cause a device
to cease functionality.

b) Use-related hazards: Hazards initiated by users during interactions with a device and resulting in an
unintended consequence.

As Figure 5.1 indicates, certain device failures can result from user interaction (the overlap of the circles).

The harm in use-related hazards is caused by use errors, in which the user either executes an action or fails to
execute an action that results in an undesired outcome (i.e., one that is inconsistent with the user’s expectation).

Figure 5.1—Device failures and use-related hazards
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For example, an open manhole in the sidewalk is clearly a hazard; the resulting potential harm is injury from a fall.
Similarly, hypothetical use-related hazards are associated with the design of a control on a radiation therapy device
that could harm patients (by initiating an incorrect therapy) or health care staff (by inadvertently exposing them to
radiation) if the device is unintentionally activated.

5.1.3 Behavioral variability in human users

By general consensus, individual people are highly unique with respect to perceptual capabilities, thoughts,
information processing, knowledge, and resulting behaviors. Individual differences in human performance have been
investigated in a variety of contexts and for many purposes (see Section 6, “Basic human skills and abilities”). Some
users can interact with a device successfully and without mishap, whereas others might omit steps, misread or ignore
warnings, overload a device's input capability, misunderstand the device mode or status, or incorrectly interpret an
icon. Individual users might be successful in certain situations but fail in others, and displayed information that makes
sense to one user does not make sense to another. Training and experience can reduce performance variability;
however, experienced users might approach problems or interpret data differently. Of critical importance to medical
device designers is the fact that failures involving device use and their associated safety consequences are
intermittent, difficult, or impossible to predict without testing. Such failures are often the exception rather than the rule,
reflect atypical behavior rather than typical behavior, and could even be inconsistent with users’ perception of their
own performance.

This section is not intended to enable designers to create “perfect” error-tolerant interface designs for each individual
user. Instead, the objective is to describe best practice techniques to support development of designs optimized for
populations of users. Although behavioral variability is perplexing, it can be understood and better accommodated in
design if it is acknowledged as a source of risk and focused effort is applied accordingly than if it is ignored or given
only superficial consideration.

514 Definition of use error

The term use error refers to undesirable or unexpected events resulting from the interaction between a user and a
device; use error accurately indicates error but does not attribute fault to the user. It should be noted that use error is
not the same as abnormal use by a user who actually intends to use a device incorrectly.

5.2 Types of use errors

Use errors indicate a mismatch between user needs and the design of the device—user interface. Device use involves
perceiving information (seeing, hearing, and sometimes feeling), processing information (recalling steps in a
sequence; making critical decisions; associating symbols, signals, text and their meaning; understanding labels and
instructions), and performing actions (pressing buttons and otherwise adjusting physical controls, imparting force,
making connections, manipulating objects). Figure 5.2 shows three types of use errors—slips, lapses, and mistakes
—distinguished by their cause. Slips and lapses are unintended actions by a user, whereas mistakes are intended
but incorrect actions (although the user believes them to be correct). Abnormal use is not use error and, therefore,
not within the scope of this section. Abnormal uses include actions that the user knowingly intends to make that are
clearly inappropriate. Several standards offer classifications of use errors. For example, IEC 62366:2007 describes
one such classification in Annex B, “A Taxonomy of User Action.”

Use errors, as defined and described in IEC 62366, include slips, lapses, and mistakes:

a) Slips and lapses: Slips and lapses result from some failure in execution and/or memory recall in an action
sequence. Whereas slips are potentially observable actions (slips of the tongue, slips of the pen, slips of
action), lapses are covert error forms that do not involve failures of human memory (forgetting, omitting
steps) or manifest themselves as observable actions.

b) Mistakes: Mistakes are failures of the judgmental and/or inferential processes used to select an objective
(i.e., incorrect decisions about what to do). Mistakes arise from applying the wrong “rules” or knowledge
when making a decision and from so-called nescient error (e.g., taking often-used shortcuts in a process or
reacting to unusual circumstances that require innovative solutions).

As noted above and in 5.1.4, abnormal uses are not considered use errors. Abnormal uses are intentional acts that
result in undesirable outcomes. Whereas a use error is a problem involving intended use, an abnormal use is a
malevolent action (e.g., a family member using an infusion pump to deliver a lethal overdose, an intentional abuse of
a device, the sabotage of a device). In general, abnormal uses are not associated with use scenarios that designers
can reasonably anticipate or prevent through application of risk-control measures. It is important to recognize,
however, that abnormal use does occur. Irresponsible uses, in which a user disregards clearly expressed warnings,
precautions, indications for use, or device alerts (e.g., a warning light), intentionally removes or defeats safety
interlocks or alarm features, or fails to maintain devices properly, are also considered abnormal uses unless these
actions result from reasonable user response to poor device design. Follow-up assessments are recommended in
order to determine whether instances of abnormal use and their associated hazards can be avoided.
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