Human Factors Aspects of Medical Devices (Chap. 13, pp. 543-593). In M. Weinger, M. Wicklund, & D. J.

Gardner-Bonneau (eds.). 2011. Boca Raton, FL: CRC Press.

3 Signs, Symbols, and Markings

Michael J. Kalsher, PhD; Michael S. Wogalter, PhD

CONTENTS
13.1 What Should Be Labeled? ...........cccovevveuvrneee crerresrennes crerressenians verererreraanneneans v 345
13.1.1 Who Sets the Rules?............... prevveerereres OO UROUOURURRTURT 545
13.2 General Labeling Requirements......, e eeresesreeraeshe st aa e r e b e e e sar e b s s ansnt s s ae b sar 547
13.2.1 Label Content.................. cremrerrenae e e s eans veevrnnsnereneensensens I47
13.2.1.1 Identity Statement..........c.ocerrerrrveennes R rereeer et 547
13.2.1.2 Use Statement...........cccorurrvrraennns e see e nneenns rrreerrerraenanes ..549
13.2.1.3 Handling Statement...........cceeeerrneriraenns verenrreenns vresrnesns verversrens 551
13.2.1.4 Warning/Precaution Statements........... brerrri et sbane vererenienen 351
13.2.1.5 Specific Hazards Statements ........ccoceesevrerrereerasireesesnnns vrerernens D92
13.2.1.6 Investigational Use Statement ..........cceeeverververererieecresisnsrsessaernns 553
13.2,2 Label Form ......c.cooivivireiniienane reevrenr e ees pererereerees ORI ...553
13.2.3 Location and Size............cvnvevn. PO oo e e 254
13.2.3.1 Prominence.......... et s verersrernenanns veerernnres e 354
13.2.3.2 Principal Display Panel ........cc.cccoocnencereninnnoneninenen. 554

133

13.4

13.5

Labels for Device Identification, Instructions, and Hazards..........c.ceveeerrvrineennnnn . 354
13.3.1 Labels for Electromechanical Components...........cocecviersvrerercnrerinrniorinnesnn 356

13.3.1.1 Electrical Receptacle and Connector Labels........cccocvrvirerevrenene 556
13.3.1.2 Fuse and Circuit-Breaker Labels...........cccoe.... vt vreerereenss 357
13.3.2 Section Summary ........c.cooverenen. O RO RPTP RPN 557
Human Factors Principles for Designing Medical Device Labels................ rereens 558
13.4.1 Safety-Related Goals of Labels ........cccoecceriiinnrincriiicninnieninneninneonen.n. 358
13.4.2 Hazard Control Hierarchy ..........ccoureemrirmseriererenienmmensesmsasnne creniens e 559
13.4.3 Medical Device Liability and Warning Labels............c.cc.cc.... beieroreene w560
13.4.4 Communication-Human Information Processing (C-HIP) Model............. 560
Components of the C-HIP Model .........c.covuvereennne. rreerererarees rerrererenne veeerereennne e 562
13.5.1 Source......c.ccovrerveenne. et s e et a e e s e sbres 562
13.5.2 Channel........ccovvervcrrimvnrcenrcreniorasnesenees vt e e 562
13.5.3 Delivery..cocvveevcrirennnnn. et e e te s aes s e nrgesbn s rereerer e s seesnaane 562
13,54 RECEIVET ....ocvvererererirircseasesnesrocrannmmensesesnssessonens SN rreerenrenren 302
13.5.4.1 Attract Attention................. e cererenens e 563
13.5.4.2 Hold ATENtION .....ccviireeiieirrireriereeesaseensesnnsssrenssseeressenessessossnis 564
13.5.4.3 Label Comprehension........c..ccecereus. cernee s RUPPRR 564
13.5.4.4 Fit with User Beliefs and Attitudes .......ccoovvevcernnrennnenereenrereens 565
13.5.4.5 Motivation .........ccoevrerrrunne rrevesenns e crreveresernrene 566

543



544 Handbook of Human Factors in Medical Device Des.igd

13.5.4.6 Label Must Produce COmpliance ...........ecvevrrervereniorreniniernnnsn 567
13.5.4.7 Labeling May Influence Users Indirectly..........ccoorvvnnievccennnnn 567
13.5.5 Other Human Factors ISSUES......c.ovimeeirniniiinnesienecneiineseensenesesessnnnnns 307
13.5.5.1 Social INfluenCe......ccccevrvivieriiiririircernieinirseneesesoniessescnsenessssenens 367
13.5.5.2 Stress and Workload...........c.ccovcvurevcnimrenicnecnnenineinnenns vrennennnn, 967

13.6 Using Human Factors Principles to Enhance Components of Medical
Device Labeling........cc.ccovevvineeane, e ene e sreas reereeer e anas e 568
13.6.1 Label Content ................ ettt et ranes cererreenrresstersenressrnsensennss D08
13.6.1.1 Abbreviations, Initials, and Symbols..........cc.ccerirrrnrvrrrracrerecrenn. 569
13.6.2 Location Aids and Functional Relationships............ crevvenenrsnsnnsesenenne D 10
13.6.3 Position and Placement..........c.ccocevecrnmeecvnnecnienessnennennennenn, cenreesreenennenn 571
13.6.3.1 ViSIBILItY ...orvvveiircoroiiiennecei e erenssnnsscsresinseneessennensnne 911
13.6.3.2 Orientation............cecvveene, e e e 571
13.6.3.3 Shape......... cstsssseessrressresisseersesartansereserns e 572
13.6.3.4 LOCAtION...ccciiviireeiriinieeiiieis st saesnesrisas s sesessssesessssaenassssasre D 12
13.6.4 Gestalt Principles........ peerre et ettt e e e s b e st s e re s 573
13.6.5 Population Stereotypes and EXpectations..........cccrversrecreviecnsrensnerensenreersen 314
13.6.6 Durable Materials.......co.ccoeeniccrmiencenerienieniennenne reeerrrreeena s e nnernssreense D 1D
13.6.7 Legibility ..c.cccvvvevrerininierreriererenenen, Ceere e et e b b ra e s r e e s 576
13.6.7.1 Highlighting and Contrast............c.ccc.n. cerremrenrreeresesecsnsenerens D1 1
13.6.7.2 Typography............ eeere st r e e e 579
13.6.7.3 Other Srategies.....ccoreerivurisiiiieninoniiiiienieenseresnnese s 581
13.6.8 COdINE ....ocviviiiiiriimiimiiicitiieni s s sae s ..581
13.6.8.1 Redundant Codes ..........cccrreruervrimricerrarioriniinnmionninrseeeresesenees 382
13.6.8.2 Color Coding............ et st aser e s esraes s s bea e s tbae s ROURRR 582
13.6.8.3 Size COding ....ccvvervrercrrimrinsisieresirrsmnncssrneenns crrenreensenessnissenenenses I80
13.6.8.4 Location Coding.......... e es reereierennnn. 380
13.6.8.5 Shape Coding......c.couervruren. et reerre e e ntn e 586
13.6.8.6 Graphics and Symbols.................. PPNV UIUURIURRPUPORPNe 1. 1)
13.6.9 SeCHON SUMIMATY ...cccviviiirirreisaernriesisseseesessessersesserenressessrsarsessesresensesseesens 587
137 Conclusions.................. et eeeree et eeas e et e et e b ae s nt e ge e banheneeEbesaneneaenbaeesasens .. 588
Acknowledgments.................... o eteaieee e sa et ra et beraeeRe bt en e et e eresbesaesse s ansnenbaensessrenaenrerss JOD
References........ccccconerennee. vvrones e e s reene e e . 589

Recent advances in medicine, science, and technclogy have led to a considerable and
growing number of medical devices. Technical innovations have generally been wel-
comed by health care providers and the general public. However, technological sophis-
tication does not necessarily mean that such devices can be used effectively and safely
by users. Medical device use has been shown to be associated with hazards to patients
and clinicians. Virtually all medical devices include labels and markings. Labels can
assist users in correctly operating a device and at the same time reduce the likelihood
of use error.

Medical device use environments have expanded beyond doctors’ offices and hospitals
to outpatient, community, and home care. The intended users have broadened from trained
medical professionals (e.g., physician, nurse, or other health care provider) to include lay
patients and caregivers. A variety of users and use environments require different ways
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- of presenting information. Designers must consider multiple use-related factors to design
appropriate labels.

Medical device labeling consists of directions on how to use and care for medical devices
as well as information necessary for ensuring users’ understanding and safety, including
information about risks, precautions, and potential adverse reactions. This chapter provides
guidance to designers for their decisions regarding positioning, formatting, and design-
ing of labels and markings for controls, displays, panels, and associated equipment. The
information presented here is derived from legal requirements, human factors research, and
existing practices.

The chapter is divided into three sections, organized around key design issues. The
first section addresses the critical issue of what should be labeled and focuses on the
specific legal requirements and voluntary standards that guide medical device labeling
in the United States. The second section is an overview of relevant principles from the
human factors literature that designers should consider when making labels for a medi-
cal device. This section uses a communication-human information processing (C-HIP)
framework as a means of organizing the labeling literature. Designers can use this con-
ceptual model as a developmental tool, and investigators can use it as an analytical tool.

~The third section provides specific recommendations for developing effective medical
device labels. Examples of label designs across a range of medical devices are pre-
sented. In general, designers need to consider numerous factors in deciding how to label
a device. Labe] characteristics that should be considered include color, anticipated view-
ing distances and illumination levels, time constraints of users, and understandability
criteria, among many others. Labels on medical devices should appropriately attract and
hold attention, be understandable and believable, and motivate users to comply with the
directives they present, In addition, designers should take into account local conventions
and meanings associated with specific markings as well as the reading abilities, visual
acuity, and other relevant characteristics of the user population. For example, older
adults and people with disabilities have different medical device labeling needs com-
pared to health care professionals. Controls, displays, and other components of medical
devices should be appropriately and clearly labeled to permit rapid and accurate human
performance. '

The importance of gathering user input—to meet the needs of users—when designing
medical device labels is emphasized. The general principles of usability testing as it relates
to the evaluation of medical device labeling, including the basic processes involved in itera-
tive design and testing, is detailed in Chapter 6, “Testing and Evaluation.”

13.1 WHAT SHOULD BE LABELED?

This section reviews the regulations for medical device labeling.

13.1.1 WHo Sers THE RuLEs?

In the United States, medical device labeling is regulated by the Center for Devices
and Radiological Health (CDRH) of the Food and Drug Administration (FDA), a part
of the U.S. Department of Health and Human Services. The regulations for medical
device labels are provided in the Code of Federal Regulations (CFR). Title 21 of the
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CFR concerns food and drugs, and medical device labeling is discussed in Part 801
(Title 21—Food and Drugs). According to the FDA, a label is “a display of written,
printed or graphic matter upon the immediate container of any article.” Labeling, a
more inclusive term, is defined as “all labels and other written, printed, or graphic
matter (1) upon any article or any of its containers or wrappers, or (2) accompanying
such an article.”

In Europe and some other parts of the world, medical device labeling is governed by
regulations established by the European Economic Area (EEA) (Study Group 1 of the
Global Harmonization Task Force, 2002 http://www.ghtf.org retrieved 7/3/09). Products
that meet these requirements receive a stamp of approval termed the “CE mark” that allows
them to be marketed in European Union (EU) countries (refer to Figure 13.1). EU prod-
ucts do not have to be evaluated by a third party to receive the CE mark (see Underwriters
Laboratories, Inc., n.d.). Instead, the mark is provided contingent on the manufacturer’s
word that the device meets the necessary requirements. This chapter focuses primarily on
legal requirements for medical devices manufactured, distributed, and sold in the United
States, but some of the similarities and differences between the FDA’s and EU’s regulations
for medical device labeling are noted at various points.

In addition to legal requirements, there are also voluntary standards relevant to vari-
ous aspects of medical device labeling, including those established by the International
Organization for Standardization (ISO), the International Electrotechnical Commission
(IEC), and the American National Standards Institute (ANSI), particularly the ANSI Z-535
standards relating to the design of product safety warnings.

In 1992, a voluntary group of representatives from national medical device regulatory
authorities throughout the world formed the Global Harmonization Task Force (GHTF,
see http://www.ghtf.org). Since its inception, the GHTF has worked to enhance the safety,
effectiveness, performance, and quality of medical devices; to promote technological inno-
vation; to achieve congruence in regulatory practices; and to facilitate international trade.
The GHTF also serves as an information source that countries with medical device regula-
tory systems under development can use to guide their efforts. The GHTF’s principles for
labeling include informing the user of the following:

. * A device’s identity and intended use
¢ Instructions for use, maintenance, and storage
* Risks and warnings

In addition, the GHTF has a goal of promoting symbols as a way to communicate infor-
mation to international audiences appropriate to users’ technical knowledge, experience,

education, and training.

FIGURE 13.1  Products that meet requirements established by the EEA receive a stamp of approval,
termed the “CE mark,” that allows them to be sold and marketed in EU countries.
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13.2 GENERAL LABELING REQUIREMENTS

The guidelines below will help medical device manufacturers follow various regulations
and industry standards that govern medical device labeling. The categories for these require-
ments include the following:

 Content of labeling, such as identity statements, instructions of use, and model numbers
» Form of this labeling, including completeness, language, and conspicuity
o Location and size of the labels on medical devices

Additional labeling requirements apply to nonprescription, also called over-the-counter
(OTC), medical devices. Given the rapid proliferation of both prescription and nonprescrip-
tion medical devices for use at home by laypersons, designers should consider the abilities
and limitations of users with respect to label design.

13.2.1 LaseL CONTENT

The following guidelines pertain to the design of medical device labels.

13.2.1.1 Identity Statement
GUIDELINE 13.1: IDENTITY OF MANUFACTURER

Both the EEA and the FDA require that medical device labels contain the name, or trade
name, of the manufacturer, packer, or distributor, including the complete address (21 CFR
801.1) (see Figure 13.2), The FDA allows that if the name and address of the manufacturer are
available in a local phone directory, the address may be omitted from the label.

GUIDELINE 13.2: IDENTITY OF OTHER ENTITY

When a device is not manufactured by the entity whose name appears on the label, the name
must be modified by a phrase that reveals the connection the entity has with the device. For
example, if one company manufactures the device for another company, the label might read,
“Manufactured for X company by Y company.”

GUIDELINE 13.3: IDENTITY OF IMPORTER

In addition to having information that identifies the manufacturer of the device, the labeling
of a device marketed in the EU must include the name and address of the person or party
responsible for importing the device into the EU.

GUIDELINE 13.4: CATALOG OR MODEL NUMBER

Medical devices must contain a label indicating the device’s distinctive catalog or model
number.

GUIDELINE 13.5: ELECTRICAL RATING

Labeling must include the device’s electrical rating.

For nonprescription (OTC) devices, FDA- and CE-marked devices must contain identity
statements that include both what the device is and what it does (refer to Figure 13.3). The
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requirements of a CE-marked device are very similar to those of devices regulated by the
FDA (Council Directive 93/42/EEC concerning Medical Devices, 1993). Additional details
concerning specifics on nonprescription (OTC) medical device labeling can be found in
U.S. 221 CFR 801.

GUIDELINE 13.6: IDENTITY

Labeling on nonprescription (OTC) medical devices and their packaging must include a state-
ment that provides the identity of the device (i.e., what it is). The identity statement should be
printed in boldface type and should be in text reasonably similar in size in relation to the most
prominent text on the panel.

GUIDELINE 13.7: OTC LABEL INDICATES USE

The next part of the identity statement should tell users what the nonprescription (OTC)
device does (21 CFR 801.61),

GUIDELINE 13.8: INSTRUCTIONS FOR MULTIPLE USES

If a nonprescription (OTC) medical device has multiple uses, instructions for each of the uses
must be included with the device.

GUIDELINE 13.9: DEVICE SERIAL NUMBER

CE-marked nonprescription (OTC) medical devices must be labeled with either the serial
number or the word “lot” followed by a batch code of its manufacture. The FDA requires the
presence of a control number on each unit, lot, or batch of devices if the device will be used
to sustain life or is intended for surgical implantation.

GumpELINE 13.10: CusTomM-MADE OTC DEVICES

Custom-made nonprescription (OTC) medical devices must be marked with the phrase
“custom-made device.”

GUIDELINE 13.11: QUANTITY OF PACKAGE CONTENTS

The CFR also requires a declaration of the net quantity of contents of the package by weight
(pounds and ounces), numerical count, measure (size), or a combination of the three on label-
ing of nonprescription (OTC) devices in package form (see 21 CFR 801.62). Metric equiva-
lents should be provided as applicable.

13.2.1,2 Use Statement

While all medical devices should be accompanied by a use statement, the elements of
Wwhich are described below, this information does not need to appear in on-device labels.
Such information more often appears on device packaging or in the instructions for use.

GUIDELINE 13.12: PROVIDE INSTRUCTIONS FOR USE

Manufacturers are required to provide instructions that allow the device to be used safely for
its intended purpose by its intended users (21 CFR 801.4-5).
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GUIDELINE 13.13: FORESEEABLE ALTERNATIVE USES

If there is a reasonable probability that a particular medical device will be used for purposes |
other than those originally intended, then the manufacturer must provide labeling discussing
these alternative uses.

GUIDELINE 13.14: CoMPLETE LiST OF USES AND USeE CONDITIONS

For FDA approval, the directions for use must state all of the device’s intended uses as well
as all of the conditions under which the device should be used. For devices produced or mar-
keted in the EU, the GHTF recommends that the instructions be sufficiently thorough to allow
consumers to use the device safely.

GUIDELINE 13.15;: DURATION OF USE AND MANUFACTURED DATE

Duration of use should be specified. Devices with a CE mark must include label information
that indicates the date after which the device should no longer be used. If an expiration date
does not apply to a particular device, then the year the device was manufactured must be
provided on the label. FDA-recognized symbols for date of manufacture and expiration date
are shown in Figure 13.4,

GUIDELINE 13.16: TIMING OF USE

If appropriate to device use, the time of administration in relation to other factors (e.g., a meal,
another treatment) must be indicated.

GUIDELINE 13.17: METHODS OF USE

The instructions should include the route and/or method of application and any other prepara- .
tions that are necessary before the device can be used. Labels on devices marketed in the EEC
must also state any special handling instructions.

GUIDELINE 13.18: FREQUENCY OF USE

For certain devices, instructions must include the dosing schedule for each use (e.g., “apply to
affected area twice per day”), including the usual quantity and frequency for people of differ-
ent ages and different physical states.

YYYY-MM Use by YYYY-MM-DD or YYYY-MM

Date of manufacture Expiration date

FIGURE 13.4 The symbol on the left is used by the ISO to depict “date of manufacture,” while the
one on the right is used to list a device’s expiration date,
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13.2.1.3 Handling Statement
GUIDELINE 13.19;: STORAGE

Devices that have a CE mark must have a label that indicates any special storage instructions
(see Council Directive 93/42/EEC concerning Medical Devices, 1993).

GUIDELINE 13.20: STERILIZATION INSTRUCTION LABELING

Medical device labels in the EU must include the appropriate method of sterilization, if nec-
essary. Nonprescription (OTC) medical devices that must remain sterile to be used for their
intended purpose must include information specifying the part of the device that must remain
sterile prior to use (21 CFR 801.10). The EU counterpart for medical devices that must be used
under sterile conditions requires that labeling include the word “sterile” and the appropriate
method of sterilization directly on the CE mark label (see Figure 13.5).

13.2.1.4 Warning/Precaution Statements
GUIDELINE 13.21: WARNINGS FOR SAFE USE

Warnings or precautions required to ensure safe use must be included on a device or its
accompanying labeling (Council Directive 93/42/EEC concerning Medical Devices, 1993;
21 CFR 801.5).

GUIDELINE 13.22: FORESEEABLE RISKS

The GHTF recommends that manufacturers warn intended users of any risks that are reason-
ably foreseeable. For example, labeling would indicate that radiation may be emitted from a
device or that there is the potential for electromagnetic interference from other equipment.

It is noteworthy that the EEA and the FDA have adopted similar positions concerning
the use of warnings on nonprescription (OTC) medical device labeling,

Sterile H Sterilized using steam or dry heat

Sterile A Sterilized using aseptic processing technique
l Sterile IR ' Sterilized using irradiation

Do not re-sterilize

FIGURE 13.5 These labels show examples of FDA-recognized symbols used to specify the medi-
cal devices that must remain sterile for their intended use as well as the appropriate methods of
Sterilization, such as steam or dry heat, aseptic processing, radiation, or a chemical process.
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and functionally group user display and control components. Markings are also important
to users when reading mechanical displays and adjusting mechanical controls. Legends
list and/or explain symbols included in labeling. Labels for equipment components need
to include certain information in particular formats. The sections that follow describe the
design attributes of labels, including markings and legends.

GUIDELINE 13.33: LABEL SHOULDN"T IMPEDE DEVICE USE

Labels should facilitate device use. Label size, location, and design should not interfere with
device use,

GUIDELINE 13.34: IDENTIFICATION STATEMENT

Medical devices should provide identification information that is readily accessible (refer to
Figure 13.2). The identification statement should include the following:

«  Name of manufacturer

» (atalog or model number

» Electrical rating (if electromechanical device)
GUIDELINE 13.35: LABEL LEGIBILITY

Labels should be legible to users under expected use conditions.

GUIDELINE 13.36: LABEL ILLUMINATION

Generally, except for devices used routinely under low-ambient-light conditions, labels should
be legible without internal illumination,

GUIDELINE 13.37: HAZARD WARNING STATEMENT

Users and maintenance personnel should be warned of hazards that could be encountered dur-
ing the use, handling, storage, maintenance, or repair of the device. Examples of key-words
for hazard statements are “fire,” “radiation explosion,” “shock,” and “infection.”

GUIDELINE 13.38: STATEMENT OF FLAMMABILITY

Electrical medical devices should be labeled to indicate whether they should or should not be
used in the presence of flammable substances or oxygen-rich atmospheres.

GUIDELINE 13.39; LABEL FORMATTING

Labels should communicate effectively and quickly.

Guidance on label formatting (e.g., Lehto and Miller, 1986; Wogalter, DeJoy, and Laughery,
1999; Wogalter and Vigilante, 2006) can generally be obtained by considering the
following:

* Existing law/regulations concerning labels, which have recently been more specific
about label format.

* Voluntary standards, such as the most current version of ANSI Z535.4, titled
“American National Standard for Product Safety Signs and Labels,” which has
reasonably good label format specifications.
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persons involved with the design or implementation of medical device labeling should con-
sult these requirements directly for complete, up-to-date regulations and standards. The
designer may also need to seek advice from experts who know the current state of the art
and science of labeling design. Y

The FDA, EEA, and other organizations set regulations and standards that shape medi-
cal device label design and encourage manufacturers to make labels that are conspicuous,
legible, understandable, and durable, among other aspects. Labels meeting the regulations -
and standards, however, do not ensure that the labels are, in fact, effective. Given the impor—'ff
tance of enabling the proper safe use of the device, human factors engineering must be :
incorporated into the label design process. The effectiveness of label design can be assessed -
using human factors techniques, including particularly usability testing with representative
users under realistic use situations. The next section is an overview of human factors prin-:
ciples that are applicable to the design of medical device labeling.

13.4 HUMAN FACTORS PRINCIPLES FOR DESIGNING
MEDICAL DEVICE LABELS

There is a considerable body of human factors research on warnings that has been con-
ducted across various products and domains, yielding principles that can be generalized to..
labeling practices. Nevertheless, the most effective labeling for a particular device is likely
to be different in form from one device to another. This chapter concerns labels across all -
medical devices without a focus on a particular medical device or even a class of devices.
The general principles provided should be considered during label design even though allf:
of them may not be applicable to a specific device. The right mix of design attributes is
dependent on the device and other factors, and it is beyond the scope of this chapter to par '
ticularize the factors for a given medical device.

Because of the substantial differences in users and settings, a device that may be use- .
ful in one situation (e.g., by physicians in a clinic) may introduce considerable risk dur
ing use in another situation (e.g., by lay users in their homes). Indeed, even experienced
highly trained individuals can make mistakes under time-constrained, heavy-mental-work-
load conditions (e.g., Weinger, Slagle, Kim, and Gonzales, 2001; Weinger et al., 1994)
Under some emergency conditions, medical device users may have little or no time to refe
to device labels, instructions, or warnings. Even under the best of conditions, users ma
extract little or nothing from poorly designed labels. Human factors research provides no
only a database of information on label design but also methods that can be used to tes
label efficacy.

13.4.1 SAFETY-RELATED GOALS OF LABELS

When designing device labels that have safety 1mp11cat10ns the principles associated witl
warning label desiga apply even if the warning is not explicit. There are three goals of med
ical device labels with respect to safety: informing, changing behavior, and reminding.

GUIDELINE 13.46: INFORM USERS

Labeling should inform users about the consequences (e.g., potential hazards) of the use Of a’
medical device or its applicable component(s).
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GUIDELINE 13.47: AFFECT USER BEHAVIOR

Labeling should encourage or promote appropriate user behavior. For example, users should
be discouraged from performing unsafe acts that they might otherwise do without the benefit
of exposure to the device’s labeling,

GUIDELINE 13.48: REMIND USERS

On-device labels should serve to remind users about conditions or hazards even if they may
already know some or all about. Thus, one of the functions of labeling is to cue recall of
pertinent information.

13.4.2 HazarD CoNTROL HIERARCHY

Although this chapter focuses on device labels as an aid for proper device use and injury
prevention, it is important to note that engineering design solutions are usually preferred
over warning labels to guide proper use and reduce hazards.

Device hazards need to be discovered and, to some extent, managed by manufacturers.
Manufacturers need to conduct a systematic use hazard analysis to discover the hazards
of the device. Once the use hazards are discovered and analyzed, manufacturers should
reduce or eliminate them when possible and practical. The basic hazard-control hierarchy
(Sanders and McCormick, 1993) offers a useful framework to guide decisions concerning
limiting potential injury from use and foreseeable misuse. The levels of the hierarchy are
presented below in order of priority based on their likely effectiveness in preventing user

injury:

1. Design to remove the hazard. The best method of hazard control is to remove
the hazard. If the hazard is eliminated, then the likelihood of injury is greatly
reduced. But hazards cannot always be eliminated by design and still yield a
functional, usable device. For example, one cannot eliminate all the hazards
associated with the use of electricity or radiation in medical devices that require
energy sources.

2. Design to guard against contact with the hazard. For hazards that cannot be elimi-
nated, the next best hazard control strategy is to guard against contact with the
hazard. An example of built-in guarding is the “dead-man” switch that shuts off the
power when a portable fluoroscope handle is released.

3. Ensure prior training and/or experience. This is a form of process guarding. For
example, users may be required to train as or work with experts before they can use
a device. Alternatively, users may need to obtain a prescription for certain medical
devices. Because it depends to a greater extent on the user, this is a less effective
form of risk mitigation,

4. Use warning labeling. Not all hazards can be eliminated or guarded against. In
such cases, warnings in the device’s labeling are necessary. However, this is the
weakest form of risk mitigation, and success requires careful label design and use
testing,

Thus, good device design procedures attempt initially to design out or eliminate hazards.
It is far better to design a control switch so as to reduce the likelihood of inadvertent
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somewhat more informed decision making, it may be considered ineffective according to a
strict behavioral criterion in that it does not necessarily produce the desired safe behavior.

The C-HIP model not only decomposes processing into basic stages to better understand
the process but can also assist in understanding why a warning might not be effective.
Suppose that a warning label is not meeting the goal of high levels of behavioral compli-
ance. One possible solution might be to increase the size of the warning label so that more
people will likely see it. But noticing the warning might not be the problem. User testing
might reveal that most users see, read, and understand the warning and believe the message
but are still not complying with the directed behavior. According to the C-HIP model, the
problem then is likely to be at the motivation stage. Users may not be complying because
it is difficult to carry out the directed behavior (e.g., because of time, effort, money, or
physical disability), or the warning does not adequately indicate the severity of the con-
sequences. In these cases, a more explicit description of the consequences and a way to
facilitate performance of the behavior should be considered. Thus, the C-HIP model can
be used to determine the specific causes of failure, thereby redirecting limited resources
toward correcting the critical aspects of the label’s design.

Processing of a label may be nonlinear. The most current version of the C-HIP model
contains feedback loops, as illustrated in Figure 13.11 (see Wogalter, 2006). As a result of
repeated exposures, users could become habituated to a label. As a consequence, they will
be less likely to attend to it on subsequent occasions. Here, memory, as part of the compre-
hension stage, affects the attention stage. Another example of how a later stage of process-
ing can affect initial label perception is that some people might not believe that a medical
device is hazardous. A third example is that the person may not understand the information
contained in the labeling the first time they read it. As a result, they may return to an earlier
stage (attention) and read it again. :

Source

Attention
:| switch and maintenance &

Comprehension

Attitudes and
Beliefs

Motivation

Behavior

FIGURE 13.11 The C-HIP model. (Adapted from Wogalter, M.S., DeJoy, D.M., and Laughery,
KR, Warnings and Risk Communication, Taylor & Francis, London, 1999.)
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Do not design for the average user because this will miss about half the users. User groups
include the following:

* Professional users. If the labeling is intended only for trained health professionals
such as surgeons and operating room nurses, then designers reasonably can assume
some level of user knowledge and skill when making decisions concerning label-
ing content and format. Even so, there is a broad range of training of health care
professionals. Assumptions about background knowledge should be verified with a
random sample of representative users.

e Lay users. If the medical device is being designed for use by laypersons (i.e., a
broad spectrum of the general population), designers cannot assume the same level
of knowledge and skills as that of trained health care professionals. A much wider
range of education, experience, and skills should be expected. Labels should be
designed to accommodate persons with a seventh-grade reading ability if practical
or possible.

* Non-English speakers. Not everyone in the United States using medical devices
reads English, and many devices are designed to be marketed outside the country.
Potential solutions to the language problem include the use of simple terminology,
increasing label size to accommodate translations, and the use of readily under-
stood pictorial symbols (refer to Figure 13.7)

* Disabled or impaired users. Particularly for medical devices designed for patients,
labels must be designed to accommodate users with cognitive, perceptual, or other
impairments (see Chapter 18, “Home Health Care”). Some of these considerations
with respect to older adults are described in Mayhorn and Podany (2006).

13.5.4.3.1 Habituation to Label Message

Repeated and long-term exposure to device labeling—even if well designed—may pro-
duce habituation, diminishing the labels’ ability to attract and hold attention (Wogalter and
Laughery, 1996). One way to reduce habituation is through a periodic change of labeling.
This may not be possible for a variety of reasons, including regulations that mandate label-
ing on medical devices be relatively permanent under ordinary conditions of use. Moreover,
periodic changes to a medical device user interface could affect use and requires validation
testing,

13.5.4.4 Fit with User Beliefs and Attitudes

According to the C-HIP model, even if device labeling successfully captures and main-
tains attention and is understood, it still might fail to elicit the desired safety behavior
because of discrepant beliefs or attitudes held by the receiver relative to the label’s mes-
sage. According to the C-HIP model, labeling will be successfully processed at this stage
if the information concurs with the user’s current beliefs and attitudes (see DeJoy, 1999;
Riley, 2006). A message that is in accordance with the user’s beliefs/attitudes will tend to
activate and reinforce what the user already knows and expects, thereby increasing com-
Pliance with label instructions. Conversely, if device information conflicts with the user’s
existing beliefs and attitudes, the labeling message may not be processed further, and com-
Pliance will likely be decreased (Wogalter and Laughery, 2006). To overcome this, added
salience and other changes to the device may be needed.
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McKenna, 1989; Wogalter et al., 1987). This is another reason that giving explicit state-
ments with specific negative outcomes rather than general ones is preferable (Laughery

et al., 1993).

13.5.4.6 Label Must Produce Compliance

If the user is sufficiently motivated, then he or she is likely to carry out the desired behavior.
Behavioral compliance research shows that warnings and other safety-related materials are
usually effective if properly designed and implemented (e.g., Cox, Wogalter, Stokes, and
Murff, 1997; Kalsher and Williams, 2006; Laughery et al., 1994).

13.5.4.7 Labeling May Influence Users Indirectly

Information from labels may reach users indirectly. Indirect methods of communication
include user-to-user transmission and changes in use environment culture or norms. An
example is an experienced user orally telling a new user pertinent safety information based
on information that he or she acquired at an earlier time. That person, in turn, may change
his or her behavior accordingly. To the extent that labeling information alters the behav-
ior of a sufficient number of users, the behavior may become a norm of the use environ-
ment (i.e., part of “Culture”), thereby propagating and reinforcing the behavior even in the
absence of future direct contact with labeling (see also 13.5.5.1).

13.5.5 OTHER HUMAN FACTORS ISSUES

Other factors that influence motivation to comply are external to the labeling but neverthe-
less may affect labeling effectiveness. A medical device manufacturer cannot control the
local situation in which a device is used. Thus, it is foreseeable that devices will not always
be used under optimal conditions. For example, a device might be used in low lighting.
Other factors that affect motivation to comply include social influence (Wogalter et al.,
1989), time stress (Wogalter, Magurno, Rashid, and Klein, 1998), and mental workload
(Wogalter and Usher, 1999).

13.5.5.1 Social Influence

Observation of how other users behave can affect an individual users’ behavior with respect
to a device. If people observe others not complying with a label’s directive to wear protec-
tive equipment while using a particular medical device and further observe them not being
harmed, they may conclude that it is unnecessary to wear protective equipment themselves
(Wogalter et al., 1989). By contrast, observing others complying with a label’s directive
can have a positive influence. Device manufacturers should try to positively influence use
behaviors through effective device design, labeling, and training,

13.5.5.2 Stress and Workload

In high-stress and high-workload situations, competing activities limit the cognitive capac-
ity or resources available for processing label information and complying with desired use
behavior, Under these conditions, considerable emphases on safety and reduced cost of
compliance may be required to overcome the barriers. Efforts that reduce stress and work-
load should also facilitate compliance.
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GUIDELINE 13.62: COMPREHENSION OF LABEL LANGUAGE

If it is determined that non-English users will be unable to comprehend the on-device text,
then supplemental labeling should be developed that accurately transmits the relevant hazard
information to those users (see Figure 13.7). The specific implementation will depend on a
number of constraints:

» Simplicity of the English text or the number of languages required to meet the needs of
expected device users

*» Availability of acceptably comprehensible symbolic representations (i.e., ones that meet
established criteria; see Guideline 13.64)

« The amount of space available to present label information in alternative languages and/
or to include pictorials that are language independent

» Current regulations and standards

13.6.1.1 Abbreviations, Initials, and Symbols

Graphical symbols or text abbreviations may be used on labels, for example, when space is
limited or they are expected to be more effective than the represented text. If symbols or
abbreviations are used due to space constraints, understandability should be at least equiva-
lent to full text labeling.

GUIDELINE 13.63: SPARING USE OF ABBREVIATIONS AND INITIALS

Abbreviations and initials should be designations or names that are well known to the popula-
tion of intended users. If there is any question, then a formal evaluation with a representative
sample of device users should be conducted. '

GUIDELINE 13.64: UNDERSTANDABLE SYMBOLS

Symbols should have a meaning commonly understood by most users. According to safety
symbol standards, 85% or more of a representative sample of 50 potential users should under-
stand a symbol’s intended meaning, with less than 5% critical confusions (ANSI Z533.3,
2002). Critical confusions are errors of understanding in which people report the opposite of
the intended meaning or answer in a way that is potentially dangerous. These performance
criteria and guidelines can be reasonably extended to the assessment of the understandability
of textual notations, such as abbreviations and initials. However, if use errors due to symbol
confusion can have safety implications, 100% of users tested must not make use errors or
other effective risk mitigations must be employed.

Designers should also familiarize themselves with other organizations that offer guid-
ance on symbol selection for medical device labels, such as the IEC and the ISO. Some
of the more relevant specific standards on the use of symbols include EN 1041, EN 1658,
ISO 780, 1SO 7000, ISO/TR 15223, IEC 601-1, IEC 601-2, IEC 60417-1, IEC 60417-2,
IEC 878, and EN 980. More than 7,000 symbols are described in these standards, many
of which are applicable to medical devices, diagnostic kits, and associated equipment and
instrumentation. They also include specifications for position, size, and unit measure-
ments. In the EU, manufacturers are allowed to devise their own symbols and use them
on labels or instructions for use if they are fully explained and their safety is evaluated.
The ANSI 7535.3 (2002) symbol standard contains appendices on how to develop and test
safety symbols. Topics such as iterative design and testing, user feedback, and cost-saving
Methods in assessing comprehension from concept to symbol are also discussed (see also
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GUIDELINE 13,90: CONTEXTUAL FACTORS AFFECTING LABEL LEGIBILITY

Designers should consider a variety of situational or contextual factors that could adversely
affect label legibility, including the following:

* Heavy task load (Wogalter and Usher, 1596)

* Stress (e.g., Vredenburgh and Helmick-Rich, 2006)
» Fatigue (e.g. Vredenburgh and Helmick-Rich, 2006)
+ Use of alcohol and other drugs

» Physical health and illness

GUIDELINE 13.91: TyPICAL LABEL READING DISTANCES

Relevant text and pictorial components on medical device labels should be legible at
expected viewing distances and angles. Advice on size and font characteristics is provided in
Section 13.6.7.2.

GUIDELINE 13.92: UsE CONDITIONS AFFECTING LABEL LEGIBILITY

Characters and symbols should be designed to be legible by intended users under the full
range of expected use conditions. A medical device user’s ability to physically read the warn-
ing label is, of course, crucial to compliance. An instrument known as the Lockhart Legibility
Instrument has been developed to conduct tests in which the amount of light necessary to read
a label is controlled (Bix, Lockhart, Cardoso, and Selke, 2003). The test participant rotates a
filter within the instrument until legibility is achieved. A number of factors, including color,
font size and other typography, and distance, both alone and in combination, can be varied
under different lighting conditions to determine their impact on legibility of labeling.

13.6.7.1 Highlighting and Contrast

Legibility can be enhanced through highlighting and contrast (Frascara, 2006; Wogalter
and Vigilante, 2006).

GUIDELINE 13.93: HIGHLIGHTING FOR LLABELS

Designers should use highlighting to call attention to important aspects of medical device
operation. The use of highlighting can provide visual relief, emphasize important points,
and attract user attention to particularly important sections of text. Highlighting techniques
include the use of the following:

s Color

* Bolding

* Underlining

» talics

* Reverse printing (e.g., white text on black background)
* Varied font styles

+ Boxing in of text

» Offsetting borders and backgrounds

»  White space

GUIDELINE 13.94: CoNSISTENT USE OF LABEL HIGHLIGHTING

Highlighting techniques should be used consistently throughout all device labels.
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The anticipated range of these factors should be considered to determine the colors used
and their presentation (e.g., materials, inks, coatings). The impact of anticipated light con-
ditions should also be considered. A related factor with respect to lighting is the angle at
which a label is presented relative to the user’s position. Although direct, perpendicular
viewing is usually best, some lighting conditions may cause veiling glare, whereby the label
information is obscured by reflected light, particularly on high-gloss surfaces (see Figure
13.20). In such a case, adjustment of the viewing angle or a change in labeling materials
should be considered.

GUIDELINE 13.99: CoLoR CODING OF WARNINGS ON LABELS

When warnings are used, it is generally advisable to use red, orange, and yellow for hazard-
related messages since those colors are associated with hazards as specified in medical device
standards, such as IEC60601-1-8 (unless user testing shows other colors to be acceptable).

13.6.7.2 Typography

Typography is the arrangement, style, and general appearance of the component alphanu-
meric material. It encompasses various characteristics of print, including type fonts, type
size, and type styles. Typography affects legibility, information transmission, and search
(Frascara, 2006; Simpson and Casey, 1988). Several of the most important factors are
described below.

GUIDELINE 13.100: TYPE S1ZE FOR LABELS

Designers should use a type size large enough for the relevant information to be extracted
from the label at eye distances in which the device is being operated by the intended user audi-
ence and under the anticipated lighting conditions (Wogalter and Vigilante, 2003). Guidelines
such as ANSI Z535.4’s appendix provide minimum suggested types sizes based on distances
and good/poor viewing conditions.

GuIDELINE 13.101: TYPE FONT ON LABELS

Many fonts in common use to display text are comparably legible. Fancy fonts like Old English
and script should not be used, as they are less familiar and could slow reading speed and, in
extreme cases, comprehension, Serif fonts, such as Times Roman, have embellishments on
the component parts of the letters that distinguish the letters to a greater extent than sans serif
letters (e.g., Helvetica, Arial). Times Roman is one of the most frequently used fonts and thus
is highly familiar to most people. Whether to use serif or sans serif fonts can be determined
as follows:

» Serif fonts. Use serif fonts for smaller-sized print (i.e., 9 to 14 points) because they are
easier to read than sans serif fonts.

» Sans serif fonts. Use sans serif for larger type, such as signs or posters. Sans serif fonts
are generally preferred for electronic labels.

GUIDELINE 13.102: MULTIPLE FONTS ON A LEVEL

While the use of a different font can highlight particular text passages, generally avoid the use
of multiple font types on the same label. Multiple fonts can be distracting, unattractive, and
can reduce the speed at which the information is encoded. Also, if the label is not aesthetically
pleasing, it could have less attention-holding power.
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Burn hazard.

Do NOT touch
wilhout wearing
proteciive gloves.

rtffa)}})ss»)m(;/&
FIGURE 13.22 The leading and spacing of text on this label show an improper proportion,

with the type size of some of the message text too small in comparison to the signal word and
label size.

GUIDELINE 13.108: HORIZONTAL SPACING BETWEEN LETTERS

The distance between letters (i.e., horizontal spacing) should not be so limited that
one character appears to touch the sides of the next. Nor should letters be spread so far
apart that additional eye movements are required to read the text (Watanabe, 1994) (see
Figure 13.22).

13.6.7.3 Other Strategies
Usually, space for labeling is limited. Rather than make the print too small to satisfy the com-
pleteness criterion or making the print so large that some important information is omitted,
designers should consider other strategies to display the information, such as increasing the
available surface area and prioritizing components of a label.

GUIDELINE 13.109: OVvERALL LABEL SIZE

Designers could consider increasing the surface area available for the label (Wogalter and
Vigilante, 2003; Wogalter and Young, 1994).

GUIDELINE 13.110: PRIORITIZATION OF LABEL COMPONENTS

Prioritization refers to ordering the components of a label with respect to importance. The most
important information should be presented first and/or otherwise enhanced by highlighting
(e.g., larger size, color). Decisions can be based on judgments of overall importance, severity
and probability of injury, and whether the information is already known by users (Vigilante
and Wogalter, 1997). When high-profile space is limited, items of the lowest priority may
need to relegated to other labeling (e.g., supplemental presentation materials, such as the
user manual),

13.6.8 Cobing

Coding refers to the use of physical attributes within a presentation to signify or designate
some association, organization, or meaning. Coding methods include color, shape, graphi-
cal elements and location. The purpose of coding is to help users distinguish important
characteristic features and identify functionally related and/or critical features. For exam-
ple, code markings on gauges are placed to convey the desirable operating range, danger-
ous operating levels, status information, or alarm conditions.















586 ‘ Handbook of Human Factors in Medical Device Design

GUIDELINE 13.118: USE oF ORANGE COLOR

According to ANSI Z535 (2002), the color orange should generally be used to indicate haz-
ards that, if not avoided, can lead to serious injury or death. In the signal word panel, the print
is black, and the background is orange. Some rendered oranges have insufficient contrast in
certain lighting conditions and should be avoided on labels.

GUIDELINE 13.119: Usk or YELLOW COLOR

The color yellow should generally be used for advisory messages, including warning of hazards
that, if not avoided, could lead to minor injury or property damage (ANSI Z535, 2002). However,
people generally tend to view orange and yellow as connoting similar levels of hazard. Black
print on a yellow background is much more legible than black print on an orange background.

13.6.8.3 Size Coding

Size coding generally applies to actual controls and connectors but might also be used in
labels to provide an additional means of enhancing visual discrimination. However, size
coding is generally less effective than most other kinds of coding methods (Sanders and
McCormick, 1993).

GUIDELINE 13.120: CONSISTENCY OF LABEL ELEMENT SIZE

Similar elements (or elements used for similar functions) could be coded with the same-size
labels or labeling elements.

GUIDELINE 13.121: NUMBER OF SIZES

Generally, no more than three different sizes should be employed. The ability to make reliable
distinctions among different-size elements depends on the magnitude of these differences:

» Large differences. Generally, larger differences between the size code components

make them more distinguishable.
« Twenty percent bigger. In general, the largest device element should be at least 20%

bigger than the smallest.

Optimal size coding also depends on viewing distance: Greater expected viewing dis-
tances would require larger differences in size between the device elements.

13.6.8.4 Location Coding
GUIDELINE 13.122: LocATiOoN CODING
Designers can use location coding to relate device elements according to functional groups

or sequence of use. Location coding should be applied consistently across devices and, where
possible, systems,

13.6.8.5 Shape Coding

Shape coding in labeling can strengthen the association between a control and its function.
The ISO advocates the use of shape coding in labeling (Warburton, 2004). However, ANSI
is less enthusiastic about shape coding because it may be a weaker coding modality than,
for example, color. See Sanders and McCormick (1993) for an overview of various shape
and control dimensions.
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GUIDELINE 13.123: RECOGNIZABLE SHAPES

When devising shape-coding systems for control devices, designers should incorporate
shapes that are highly recognizable, such as circles, squares, and triangles (Riley, Cochran,
and Ballard, 1982).

GUIDELINE 13.124: TACTILE CODING

Shape coding can also involve tactile cues, such as raised labels or buttons (e.g., Mendat and
Wogalter, 2004). This is a type of texture coding that is otherwise uncommonly used in label
design.

13.6.8.6 Graphics and Symbols
GUIDELINE 13.125: USE RECOGNIZABLE SYMBOLS

Graphics and symbols should be selected or developed that are easily recognizable by the
intended user population. In general, graphics and symbols that closely resemble their refer-
ents are more easily understood than those used to represent abstract concepts, such as radia-
tion and biological risk (see Figure 13.27). Such abstract symbols and graphics may require
training and/or accompanying text to ensure that users will interpret them correctly. When
using abstract graphics or symbols for critical information transmission, other forms of cod-
ing should be considered.

GUIDELINE 13.126: CONSISTENCY AND CONVENTION IN SYMBOL CHOICE

Symbols integrated into graphic depictions of flow paths (e.g., pumps, filters, valves, gain
controls) should be based on consistency and convention.

GUIDELINE 13.127: SYyMBOL TESTING

The effectiveness of symbols intended to convey critical information should be established
through user testing. Testing protocols are described in ANSI Z535.3 (2002) for safety sym-
bols and in several chapters in Wogalter (2006) for warning labels (e.g., see Deppa, 2006).

13.6.9 SECTION SUMMARY

This section provided specific design guidelines for medical device labels. The guidelines
are based on human factors principles and will facilitate label designs that are both effec-
tive and meet prevailing legal requirements. The guidelines provided here are intended as
general recommendations and should not be applied in a “cookbook” fashion. There is an
almost infinite variety of medical device designs and configurations, and exceptions or bet-
ter alternatives are inevitable.

Indeed, medical device use environments can vary greatly (e.g., operating rooms, emer-
gency rooms, hospital units, ambulances, homes), and many factors contribute to label
effectiveness, such as user characteristics (e.g.,, current knowledge, stress), the expected
use environment (e.g., lighting), and the task demands and exigencies (e.g., viewing dis-
tances). The effectiveness of any particular label design will depend on how it is used.
Testing under the various expected use conditions can help to evaluate label effectiveness
and determine the adequacy of the label’s design. Existing standards provide some guid-
ance for label development and testing, such as the addendum/appendix of ANSI Z535.3
(2007). Wogalter, Conzola, and Vigilante (2006) outline usability principles that could be
used when developing label text. Without testing, the label designer does not know whether
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associated components. Because of the breadth and scope of medical devices, specifics for
any given application could not be provided. All the principles will not be applicable to any
given device, and usability evaluation (testing) will be required for critical labeling design
decisions.

The overall goal of the chapter, of course, is to provide designers with practical guide-
lines for developing on-device labels for medical devices. It is intended to advance the
labeling of medical devices by assisting designers in designing, formatting, and position-
ing of labels and markings for controls, displays, panels, and associated equipment. Labels
should be considered as a supplement to, not a substitute for, good device design. (Lehto
and Salvendy, 1995). An exposed switch mounted on the surface of a control panel is more
likely than a recessed one to be inadvertently activated despite an effective warning label.
The guidance provided for labels in this chapter may apply to other instructional and warn-
ing materials besides on-device labeling (see Chapter 5, Documentation).

Legal requirements, standards, and human factors principles specify certain character-
istics to ensure that medical device labeling is effective. Labels and markings on medical
devices should be attention getting, understandable, believable and motivate compliance.
In addition, label designs should take into account local conventions and meanings asso-
ciated with specific markings as well as the abilities and limitations of the intended user
populatinn. Controls, displays, and other components of medical devices should be labeled
appropriately and clearly to assure rapid and accurate human performance and to prevent
user errors which could cause user or patient injury. Finally, gathering user input during the
development process is vital to ensure that labels meet users’ needs.
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