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Preface

Public Comment

You may submit electronic comments and suggestions at any time for Agency consideration
to http://www.regulations.gov . Submit written comments to the Division of Dockets
Management, Food and Drug Administration, 5630 Fishers Lane, Room 1061, (HFA-305),
Rockville, MD 20852. Identify all comments with the docket number FDA-2011-D-0469.
Comments may not be acted upon by the Agency until the document is next revised or
updated.

Additional Copies

Additional copies are available from the Internet. You may also send an e-mail request to
CDRH-Guidance@fda.hhs.gov to receive a copy of the guidance. Please use the document
number 1757 to identify the guidance you are requesting.
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Applying Human Factors and Usability
Engineering to Medical Devices
Guidance for Industry and
Food and Drug Administration Staff

This guidance represents the Food and Drug Administration's (FDA's) current thinking
on this topic. It does not create or confer any rights for or on any person and does not
operate to bind FDA or the public. You can use an alternative approach if the approach
satisfies the requirements of the applicable statutes and regulations. If you want to
discuss an alternative approach, contact the FDA staff responsible for implementing this
guidance. If you cannot identify the appropriate FDA staff, call the appropriate number
listed on the title page of this guidance.

AAAZ VR, XT—ICBT HFDADBREDNEZIZDVTHRBAT LD THS. AITHEFZE
RIT2E5GBDTELRITNIE, FDARPAREMERT H5EL5GBDTELHEN LLADY ELETT
A—FHRETHERORAUDERFEEZFHRTHEEE. KBET7TO—FEANTHELL, £
B770—FIIDOVWTELEWEHLLMEE L AA AT U AEMRIEZHDOFDARZY I ITERL
TLEZEW L. BYGFDARZY I READIZ X KA/ T RADKRMBIIBH SN TNHHZ S
BEICTERZEL,

1. Introduction XU ®IZ

FDA has developed this guidance document to assist industry in following appropriate
human factors and usability engineering processes to maximize the likelihood that new
medical devices will be safe and effective for the intended users, uses and use
environments.

FDAIZ. U TOEALGAMIZELVI—HFEYTAIETOERITE N T, HLOERESR
N EHTLSII—Y— ARBIUERAREICEALT. R B 2AMMNTHLAREREZ R KR
[CBIZFHT 0. X EXIETELLIITRRSITMIA T REER L=,

The recommendations in this guidance document are intended to support manufacturers in
improving the design of devices to minimize potential use errors and resulting harm. The
FDA believes that these recommendations will enable manufacturers to assess and reduce
risks associated with medical device use.
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AAAF O ADHRBIRIL, BEMWGRFERACIREZLIEETLR/NRIZT 518 EFEMSE
DEEFTERLETELSSBEFEZ Y R— T HILEERLTLVS, FDAIX. ChoDHEREEIE
A EEREROFERICEET DRV EFEL. BASEHIENTREEEZTIVS,

FDA's guidance documents, including this one, do not establish legally enforceable
responsibilities. Instead, guidance documents describe the Agency's current thinking on a
topic and should be viewed only as recommendations unless specific regulatory or statutory
requirements are cited. The use of the word should in Agency guidance documents means
that something is suggested or recommended, but not required.

RAAZ D REBLFDADHAF VAN E L, EZMNBF N DHLIBEEEESILDTIIEL, D
KOYIC. HMFVAXETIK. HANEVIICETIEROBRFRTOERITDOVTHAT DL
DTHY  ERBIHELTOARLGT L L. BEDRHBMEEL LA EEHNIAHESN
TWAIGEIER FDADHT ATV AXETHEAIN TS ~TRETHBH ' P“T5H
E"(“should”) EVVIFEEMNMEDLN TLDIGE L IRELLIFHREZERLTEYERZEKRT 51
DTIF7ELY,

2. Scope % &t

This guidance recommends that manufacturers follow human factors or usability
engineering processes during the development of new medical devices, focusing
specifically on the user interface, where the user interface includes all points of interaction
between the product and the user(s) including elements such as displays, controls,
packaging, product labels, instructions for use, etc. While following these processes can be
beneficial for optimizing user interfaces in other respects (e.g., maximizing ease of use,
efficiency, and user satisfaction), FDA is primarily concerned that devices are safe and
effective for the intended users, uses, and use environments. The goal is to ensure that the
device user interface has been designed such that use errors that occur during use of the
device that could cause harm or degrade medical treatment are either eliminated or reduced
to the extent possible.

KAAFVRIE, FLWEEEZR OSSP, ik %E Hthuman factors or usability
engineering processesz U AN AT EEHEET D, T, TARTL A KlfH, @, HRIN
L BURERBAELGE DT A T BRE1I—F—PHEEERTIITRTORIUMNEL I —Y—
A=D1 —REHFIDRITRYANDZE, ThoDTRERZAVSIEN, BIDRTIE, 21—
YP—AA—D1—RERBEILTD=OICERIZELHFELNH S BRI, FLHS, FEDSI—
YR REERZKRIZT D). TO—AT.FDANRIEELEZDHLF. BERT 51— —.
REOFERARECALT. BN RLEDANTHLI L, BERK ERELELZE T HFITE
TEEAAREMDOHLIERMFDOFEADICELIRFEAL. HELIRYBRFELITIEREINS
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KR I— — A F—TI—ADNREHSINTNDSILEHEEITTHETH D,

As part of their design controls:, manufacturers conduct a risk analysis that includes the
risks associated with device use and the measures implemented to reduce those risks.
ANSI/AAMI/ISO 14971, Medical Devices — Application of risk management to medical
devices, defines risk as the combination of the probability of occurrence of harm and the
severity of the potential harm2. However, because probability is very difficult to determine
for use errors, and in fact many use errors cannot be anticipated until device use is
simulated and observed, the severity of the potential harm is more meaningful for
determining the need to eliminate (design out) or reduce resulting harm. If the results of risk
analysis indicate that use errors could cause serious harm to the patient or the device user,
then the manufacturer should apply appropriate human factors or usability engineering
processes according to this guidance document. This is also the case if a manufacturer is
modifying a marketed device to correct design deficiencies associated with use, particularly
as a corrective and preventive action (CAPA).

B BEEO-RELT. WEXEIEREBFERICEET HIRIELVEDIRIEENT D
WHERESTIVRINHERERT S, ANSI/AAMI/ISO 14971, EEEESS TV RIIR DAV D ER
BBEAOICAIIBVWT YRV EZBEDREHRLTODBENGREEDERSLOBEEETE
ZLTWS, LOLGA G, BRERICONT, EREROHAIZEFIFEICRETHS, BE. £<0D
REAE, MBOFERAEZEREL, SIRIHFETTRTELN, BENGREETOEXRSE., BRE
LCREIAEEZHR GRERFIO) F-ILBOoTHEREZRBOHLIDITHEERTHD. YRIDT
DFERMN RFEAICKY, BEFLIIRBFERBICERGEETLRITEVIEEZRLIGS.
REEEI. KAMFVAXEICR>T RELGAMIEFF1—FEAT—IFTOER%E
BARTAHIE, ChIE HFICERIENE (CAPA) LT, ERICREET ST REERIET 516
REHBRELER T DHIGEELRKISERT L,

CDRH considers human factors testing a valuable component of product development for
medical devices. CDRH recommends that manufacturers consider human factors testing for
medical devices as a part of a robust design control subsystem. CDRH believes that for
those devices where an analysis of risk indicates that users performing tasks incorrectly or
failing to perform tasks could result in serious harm, manufacturers should submit human
factors data in premarket submissions (i.e., PMA, 510(k)). In an effort to make CDRH’s
premarket submission expectations clear regarding which device types should include
human factors data in premarket submissions, CDRH is issuing a draft guidance document
List of Highest Priority Devices for Human Factors Review, Draft Guidance for Industry
and Food and Drug Administration Staff.
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(http://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/Guidance
Documents/UCM484097.pdf) When final, this document will represent the Agency’s
current thinking on this issue.

CORHIZ. A TZHBRAER#BDEBFAREICARGCERERD—DOTHLHIEEZX
TL %, CDRHIZ, EEHERAEEY T ORTLELT WEEEN EREFOHD
A IEREBRERETTHIEEHET D, CORHIE, A—H—HE2RIERHESTITIE
I FRRDEITICENTERNE EXGREFICDLGENHELIV RV DT EN RSN
F=HRRICBL T, RERE L. HRATRE (T4 B5. PMAS10K) ITEWTARIET
—RERHTEIREFLEEZEZI TS, EDRITOHEFEN . TRATHRBETABMIET—42
EMLELTHMNIZDNT, CORHDOEREIEZBAMEICT HT-HCDRHIE, FSTMTA5 Y
AXE TABIZLE1—RRELGIREERR RN RELFDARRYTRARS TN
AFUR1EFHTLTLS,
(http://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/Guidanc
eDocuments/UCM484097.pdf) ExHMIIZHEFEINDE. AXEZ (XD HIZEET HFDA
DEEDEZIZDOVT, AT LD ELD,

121 CFR 820.30

2 ANSI/AAMI/ISO 14971:2007, definition 2.16

3. Definitions EF

For the purposes of this guidance, the following terms are defined. KA A4 > XD BHID 1=
O UTOREZEERT 5.

3.1 Abnormal use E&1#

An intentional act or intentional omission of an act that reflects violative or reckless use or
sabotage beyond reasonable means of risk mitigation or control through design of the user
interface. EEFEALE. A—HF—A2—Tz—ADHRHEFBELTOH ., RELFEIZKEUR
JEMOIVRVERZBA- ERU- /" EBECEREFLEIHRIRITAZL 0TI ERNGTA®
EEMLGEBTHS,

3.2 Critical task EHEX X 7

A user task which, if performed incorrectly or not performed at all, would or could cause
serious harm to the patient or user, where harm is defined to include compromised medical
care. EFEEARVELE A—F—FRIMEESTIThMFELEF2AThGENof-2ET,
BECEREICERGREEEL 0T EAFEL0T AN H IR VEHET . BEIE
ERTTADEZEZECILDEERSND,
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3.3 Formative evaluation FZERAYREA

Process of assessing, at one or more stages during the device development process, a user
interface or user interactions with the user interface to identify the interface’s strengths and
weaknesses and to identify potential use errors that would or could result in harm to the
patient or user. FRLBUETM& (L. HEBERTOELRFD—DULDRTF—ITIUEA—T—R
DRMEFMERAEICT 220D, 1 —F—(22—TJ1—X HANE1—HF—(22—Tx—
REA—H—DOHEERZFET 570X THS,

3.4 Hazard ~N¥—F
Potential source of harm. 7 1E R 72 f& 2 D 3 A,

3.5 Hazardous situation fERRIRER
Circumstance in which people are exposed to one or more hazard(s). A% 23—2>F 7213%
ML ED AP — RIZBR STV DIRPL,

3.6 Human factors engineering AT

The application of knowledge about human behavior, abilities, limitations, and other
characteristics of medical device users to the design of medical devices including
mechanical and software driven user interfaces, systems, tasks, user documentation, and
user training to enhance and demonstrate safe and effective use. Human factors engineering
and usability engineering can be considered to be synonymous.

ABIZREF. REB 2BV LGFERAZALSKUEILT 570, BB LUV I+ 7 TR
B9 51— —A 03— T1—X  VRATL AR A—H—XE ZLT1—F-WHELZED
EFEMBR ORI, ERESEL—Y— 0T, 85h. RA. TLTHROFBICET 2 5EE T
A452LTHS, ABMIFLEI—HFEYTAIFIERBELEZATELL,

3.7 Human factors validation testing A LNV F—3 3 VRABR

Testing conducted at the end of the device development process to assess user interactions
with a device user interface to identify use errors that would or could result in serious harm
to the patient or user. Human factors validation testing is also used to assess the
effectiveness of risk management measures. Human factors validation testing represents one
portion of design validation.

BECL Y —ICEXRGREELL 0T EA5F LA EDHAHREREHMEIL T 515 #
F1—H—a1—HF—( 82— ZAOHEERZF @O DR TOLADRRIZERSH
SR, AR ITENYT =23V BB, URIIRDAVII R DB MEIHEICLERINDS,
ABIZN)T—2a VR BRIEERETORAMERED—THS,
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3.8 Task # 27

Action or set of actions performed by a user to achieve a specific goal.

b BRI AR 2N T D720, 22—V =0 #o/eT7 7 va v EIT—#HOT
7 a s,

3.9 Use error 3&{#H

User action or lack of action that was different from that expected by the manufacturer and
caused a result that (1) was different from the result expected by the user and (2) was not
caused solely by device failure and (3) did or could result in harm.
HEXENFRLERERGSIRUUTOHKREL LA —T7 o a FERTE
woTFToav,

BRO): A—F—DFALEREELG ST,

RO HBOHELHE—DRETIT G, ST,

RO AEELOLI-FEI RSN H S,

3.10 Use safety D& 2
Freedom from unacceptable use-related risk. 57 T & 2 WMEHRBE U X 7 3l 2
&

3.11 User —¥—
Person who interacts with (i.e., operates or handles) the device.

ds CHREICBRT S (Tabb, a2 mEET3H o) A

3.12 User interface &—H%—Af v F—T7x—2R

All points of interaction between the user and the device, including all elements of the
device with which the user interacts (i.e., those parts of the device that users see, hear,
touch). All sources of information transmitted by the device (including packaging,
labeling), training and all physical controls and display elements (including alarms and the
logic of operation of each device component and of the user interface system as a whole).
A—H— BN HEICEETITRTOBRERICEVNTT b, a—F—H2R5 &
{\ZL TR DRI D) . 1 —— LR DB THEERT AT R TORSI UK,
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4. Overview =

Understanding how people interact with technology and studying how user interface design
affects the interactions people have with technology is the focus of human factors
engineering (HFE) and usability engineering (UE)s.
ADEMEEDISITHEIERT2OMN BB T EHIE, TLTA—F—(U3—T—REEH
ANEBMEOMEERICEDLIIEET IONRAETEHIEN . ABIFE (HFE) BLU 21—
EUT4IZEUE)DEBETHD,

HFE/UE considerations in the development of medical devices involve the three major
components of the device-user system: (1) device users, (2) device use environments and
(3) device user interfaces. The interactions among the three components and the possible
results are depicted graphically in Figure 1.

EFRMBROBRRICH VT, HFE/UEDRET R EICIE, L1 —F—MICHEHV AT LDIDD
FEBRERNEFNS (DEFL—T— ORFOEARE. RUQKSFIL—F—D1U42
—II— R IDDEEBHERSLVEIYSHEREOBDMBEEAEZR1IZRT,

Human Factors Considerations Outcome

Ye
y,
0,

ey

DEVICE
USE

Figure 1. Interactions among HFE/UE considerations result in either safe and effective use or
unsafe or ineffective use.s[X|1. HFE/UED#at FIER] COMAENMEMKE T, L2/
RN b LIXLETIERWES 2 EH IR 5,

3In the US, the term “human factors engineering” is predominant but in other parts of the world,
“usability engineering” is preferred. For the purposes of this document, the two terms are considered
interchangeable. KETix, TAMLF] OMHENEREN, HRAO—HTIEX =2—FEr V71
LH) BiFEND, BATA X AOBEWNG, ZhH2 o0 EEIEL. RZEOHETH S,
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4 Alternative text for accessibility: Summary: The figure depicts how the three primary human factors
considerations —use environment, user, and device user interface — affect device use and how the outcome
can be either safe and effective use, or unsafe or ineffective use. Details: The figure shows three streams
of input flowing from the left into a circle in the middle and from the circle, two streams of outcome
flowing outward to the right. The three input streams, collectively labeled “HF considerations,” are

99

labeled “use environment,” “user,” and “device user interface”. The circle in the middle is labeled “device
use.” Flowing outward from the circle are two potential outcomes, one labeled “correct use: safe and
effective use” and the other labeled “use error: unsafe or ineffective use.”
TOEREYTAICETARETFAN B H11E. RILEELI DO AMNERDEEEIE—
FRRE. FAZL TSR L — A3 —DJx— XD BBRERICEDLSICEET DN, £
LT. ZDRENREEAVGFERICHEYZEDMN, HAIWERETIHEKEDBUTIEGLVE
RIZIEYZBDH . RLTWS, 53l EIE. SDDANDRNNENSEAFDHY—IILIZA
Y. ZDHY =V D02 DDHFERDFANNEICHTITSRNERL TS, 3SDDANDRNED
EEEDITTAMERDBESEEHILBMT 5. TNENDOANZE, IERAKRE] 12— —1%L
TIRBL—T— A 3—T1—R1ET D, EAFOH—VILIL THFERITHS, —ILh
BHANTND2DDECYZDHFERDIBD—2% [ELWMER: RETHEYLGEAIEL. 55—
DEIRFER T2 TRHEA>EMTELELMERIET S,

4.1 HFE/UE as Part of Risk Management
YRR AV FO—B L L TOHFE/UE
Eliminating or reducing design-related problems that contribute to or cause unsafe or
ineffective use is part of the overall risk management process.
RTINS LATANTRUVMERR K& 725, & L <ITERK & 72 % %GB
ORIEZ RS 2 VIR 2 Z &3, 2RNR Y 27 E# T o 20—8RTH
A
Hazards traditionally considered in risk analysis include:
U RT3 THERDORRFT SN TOWA AT — RIZLLTO®E Y -
* Physical hazards (e.g., sharp corners or edges),
BN — R (] RoToART v D)
* Mechanical hazards (e.g., kinetic or potential energy from a moving object),
- BRI~
(BERIC L D EE =R L F—R T vy bR ¥ —)
* Thermal hazards (e.g., high-temperature components),
BN — R (@EROa A=)
* Electrical hazards (e.g., electrical current, electromagnetic interference (EMI)),
- BRI — R (iR, ER (BMD) )
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* Chemical hazards (e.g., toxic chemicals),

AR —F (FEWERLY)

* Radiation hazards (e.g., ionizing and non-ionizing), and

s RN — B (FEREBU R, FEERERI R &)

* Biological hazards (e.g., allergens, bio-incompatible agents and infectious agents).
RN — R (T LR — ERIRE SR, RS ER TR &)

These hazards are generally associated with instances of device or component failure that
are not dependent on how the user interacts with the device. (A notable exception is
infectious agents (germs/pathogens), which can be introduced to the device as cross-
contamination caused by use error.)

INHDONAP— L, 2—V— L EFEESROH B O I AL S
RAVR—=FR Y POREEN —RIICEEL TW5, (LW b, BEHICE->T
L X DAZZEHYRD KO IR 2 b 7o O TR YRR - O TR /R R AER) % BR
<)

Medical device hazards associated with user interactions with devices should also be
included in risk management. These hazards are referred to in this document as use-related
hazards (see Figure 2). These hazards might result from aspects of the user interface design
that cause the user to fail to adequately or correctly perceive, read, interpret, understand or
act on information from the device. Some use-related hazards are more serious than others,
depending on the severity of the potential harm to the user or patient encountering the
hazard.

A—H—LHBOREERICRET SEBREER/ N\T—RIE YRITIRDAVMIEFEFNEIRE
THD. AXETIE. MDY —FZ @FEENY—F(E2BR) LS, oD /N\F—F
(X, A —F—H I SDEREEYCHDNIEBEIEICIRIE. FiArdH. BIR, BENTER
WL BLKERIE TERLED LWz A— Y —( U A—T1—RDHFEISELDIHZEENH D,
NF—FICEAELEZA——3 LB ENDBENLGREZTDEKRSICESTIE, HAHEMAREE
NY—RE MIZEERBIZRZTH S,
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USE- DEVICE
RELATED FAILURE

HAZARDS HAZARDS

Figure 2. Use-Related Hazards, Device Failure Hazards, and Overlap Hazards Related to Both
Use and Device Failure.s[X|2. ffi B~ — K| BEISHFEAN — K L OE AT — Ko

L Er oy

Use-related hazards are related to one or more of the following situations:
EABEANY — FIZiE, BUTORWRS — > E T EEEE L T 5,

* Device use requires physical, perceptual, or cognitive abilities that exceed the abilities
of the user;

B RICIR, PO ZE X D H R, IR H D VITERENEE ) A

MEEIND,

* Device use is inconsistent with the user’s expectations or intuition about device
operation;
- AR OIS, BEEROBYEICE T 52— —OWIFFER E — 8L T
AN

* The use environment affects operation of the device and this effect is not recognized or
understood by the user;
TR AR OB KR, 22— =N OB LT L7
AN N ORI s:: A P QAY/AN

* The particular use environment impairs the user’s physical, perceptual, or cognitive
capabilities when using the device;
- BERR AR L72BE . FRERREIC L > T, 2—F—DH kR, MR
B, FRERESI RIS

* Devices are used in ways that the manufacturer could have anticipated but did not
consider; or
CBUEREDNTRLULENS LRV, EERIITBEB Lo 72 51E T, s
WMERESND . D0

* Devices are used in ways that were anticipated but inappropriate (e.g., inappropriate

user habits) and for which risk elimination or reduction could have been applied but
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was not.

s TRUED CTlxdb s R Ed e 5k (B 22—V —OREy 28] E) B0
27 DR S D VITRBEE N B TE 200 h LLAR Vs, EBEITEH S neh
ST HET, BaENEH SN,

5 Alternative text for accessibility: Summary: The figure shows that use-related hazards and device failure
hazards each constitute one type of hazard related to medical devices. In addition, some hazards are both,
which indicates that either a device failure caused or allowed a use error to occur, or a use-related hazard
caused or allowed a device failure to occur. Details: The figure is a Venn diagram of two circles with an
area of overlap. The circle on the left is labeled “use-related hazards™ and the circle on the right is labeled
“device failure hazards.” The area of overlap between the two circles represents hazards that are both use-
related and device failures.

TORRE)TAICETHRET RN R K. ERMENF—FELUBERSRE N —F
DENETND, ERERICEET HN\F—FTHY. TONTF—RE1BETHAHELERT . B
[C.EBICELDNBNTF =D H D, ThITHBHRELNRFERERITH. HAHLEEHRBEE N
PRI RBREEZECTHDELLNERLTND, 3l BT, ELYERBIHHD2DO0OMAMN
BIEHRNUETHD, ERIOAZMERBE N —FI1EL, ARIOMZEMESEBENT—R1&T
%, 22DANELDERS &, FEABES SUHFREROTAHD/NF—FERLTLVS,

4.2 Risk Management Y 27 <3 Y A b

HFE/UE considerations and approaches should be incorporated into device design,
development and risk management processes. Three steps are essential for performing a
successful HFE/UE analysis: 7

HFE/UEDARFTEIBR VT TAO—F DA EE . WIREETORAFE. YRITRIAV D TAERIC
HARAL & HFE/UER T ERRICEET 51=0(21F. BDDRATYINFRARTHS.

« Identify anticipated use-related hazards and initially unanticipated use-related hazards
(derived through preliminary analyses and evaluations, see Section 6), and determine
how hazardous use situations occur;

- TR U7 EEAN — R & ST LR o oA B AN — B (TR AY
T K OFHE Dol E e b D, 6HSM) Z4E L. falr/afl R
MED X HITEE DD0EHET 5,

* Develop and apply measures to eliminate or reduce use-related hazards that could

result in harm to the patient or the user (see Section 7); and
cRBEHLIVIF VP IEEFEEL LT O T AR O & 2 HBEE A — N A
BRE IR 5 HIEEBRSE LEH T2 (7THSR) |

* Demonstrate whether the final device user interface design supports safe and effective
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use by conducting human factors validation testing (see Section 8).
s NITHEONY F—v 3 VRRBREAT ) Z LT, BRIl O — P — o1
S —7 == ARG, BRHOANRER 2R L TV DG NFERET D,

Figure 3 depicts the risk management process for addressing use-related hazards; HFE/UE
approaches should be applied for this process to work effectively.

E31%, EHABTENAY — R~OXISICEAT 2V AT v RV A L hOT v A%RT
HFE/UET 7'vt —F 2 RANTHERE T 2 Kol 27 v XZ@M T 5 2 &,

Define intended users, use —— Device Users, Use Environments and
environments and user interface Userinterface (Saction 5)
Identify use-related hazards Preliminary Analyses and
Evaluations (Section 6)

= 2

Identify and categorize critical
tasks

= 3

Develop and implement rick
mitigation/control measures

S 2

Validate use safety and
effectiveness

Elimination or Reduction of Usa-
Reloted Hazards (Sectfon 7)

Human Factors Validation Testing
(Section 8)

Use-related
ricks

acceptable?
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related risks
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Document HFE/UE process | Documentation (Section 9)

Figure 3: Addressing Use-Related Hazards in Risk Management.s
X3: U R~ A MZET HHEMABE Y — Roxtin

6 Alternative text for accessibility: Summary: The figure is a flowchart that shows the steps involved in
risk management of use-related hazards. The five steps are to (1) define the intended users, use

environments and user interface, (2) identify the use-related hazards, (3) identify and categorize the

16/94




critical tasks, (4) develop and implement measures to eliminate or reduce risk, and (5) validate the use
safety and effectiveness of the device. The next two tasks in the process are decisions regarding (a)
whether the use-related risks are acceptable and (b) whether any new use-related risks were introduced.
The final step is to document the HFE/UE process. Details: The figure is a flowchart with five task steps,
followed by two decision points and a final task step. The sections of this document that relate to each
step are shown alongside those steps. The full content of the flowchart is as follows: Step 1: Define
intended users, use environments and user interface. (This step is associated with Section 5 of this
document, Device Users, Use Environments and User Interface.) Step 2: Identify use-related hazards.
Step 3: Identify and categorize critical tasks. (These two steps are associated with section 6 of this
document, Preliminary Analyses and Evaluations). Step 4: Develop and implement measures to eliminate
or reduce risk. (This step is associated with section 7, Elimination or Reduction of Use-Related Hazards.)
Step 5: Validate use safety and effectiveness. (This step is associated with section 8, Human Factors
Validation Testing.) After completing steps 1 — 5, you reach decision point 1, which asks: Use-related
risks acceptable? If the answer is no, return to Step 4. If the answer is yes, continue to decision point 2,
which asks: New use-related risks introduced? If the answer is yes, return to Step 4. If the answer is no,
continue on to Step 6: Document HFE/UE process. (This step is associated with section 9,
Documentation.)

TOEREYTAICEAT 5B TR 8IS HIE., ERABENY—FDYRITRIAUNIE
DBIRATYTERLTWNSIA—Fv— b THD, 52DRATYIF. (NERTH1—HF—  EHER
BZLTaA— Y —AU8—TJ1—REERT HL. (2) ERAMENT—REHATEHIE QE
BARVERFEICL. ELTHETHE DIRVEBRFIFRIRT A= DxtRZHEL. £
BT AL OEBOEADREMEANEERLET HETHA5PDATYITDRIZ, 2D
DHFEFRIDH B, —2IE. )FEAEENT—FIIHFBTHERDOLDOMN ? 53— D& FL
LMEFRBEEYRIMNELEM ? ZREDATYTIE HFE/UET AL REXEIL T HETHD, 5%
H:EIE. 5DDRTYT  2DDHERAV M ZLTHRED IRV ATV T DSMEEHTIA—Fv—+
TH5. BRODRTYTICEHETEHIAXDIEELZ . ATYITDEITTRLTWNS, 7B—Fv—rD 2
RBEX. UTOEEYTHD, ATV ERY 11— — FRREZL T2 —F—a04—T
I—REEBELLESVNCEDRATYT & RGHEOBHFL—F— FRRESIS1—F—1 4%
— 71— RIZEELTVD) , ATV T2 EABENY—FEHBILGEN, RTVT3 . EEERY
ZHAREICL . LSV (ENS2DDRTYT 1L, AX6IED FimtfiE i LTl BEEL TL
%) o ATVT 4 Y ROEHBRFEIFAIB T B DR EZHEL . ERELLESLV(CORTYTIE,
AX7IEOMERABEENT—FOHREIFHIRICEELTNS)  ATVI5: HRDLLMEE
MMEERIILGSWN(CDRTYT L AXBED AT E/NYT—aV R ERICBEELTLNS) .
1~B5DATYTRT % HIERAUMITED , C2TIE, FERABENT—RIHFFHEERNDL
D2 ERANTNS, BEANTVDWRIDZE . ATYTAICRY, NI IGSROFIFERA 212
#HL, CSTIE FLLDMERBDHEYRIMNELE M ? LAALTLS, BANTVLWE IDIGEE . AT
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yTAIZRY  TIRWMESREDATYI6IZED , AT YT 6 :HFE/UET AR EXE/ELASLY
(CHORTYTIE, RXOIEDOXEILICEELTINS),

5. Device Users, Use Environments and User Interface
e —V— FHRERLI N 2—F—a v F—7

z— A

Figure 4 presents a model of the interactions between a user and a device, the processes
performed by each, and the user interface between them. When users interact with a device,
they perceive information provided by the device, then interpret and process the information
and make decisions. The users interact with the device to change some aspect of its
operation (e.g., modify a setting, replace a component, or stop the device). The device
receives the user input, responds, and provides feedback to the user. The user might then
consider the feedback and initiate additional cycles of interaction.

Hal%, a——LERERBOEEER. BRICThNTOER LU 1—F LM
DA—HF—AVF—T1—RADETINERT  I—F—DERKBLMEERT H5E. 12—
—IIHEBHNRTT HERERIL . TOEREHBMLTUEL. REET T,

P . N Cognitive :
Information ® Processing /. Control
Perception | & Actions

Device

Processing
& Reaction

Figure 4: Device User Interface in Operational Context (adapted from Redmill and Rajan,
1997).7 M4 : BAERIICBIT HHBRO 22— — o o F—T = —Z (19974 DRednill and
Rajan, % 3IZ/ERK)
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7 Alternative text for accessibility: Summary: The figure shows the cycle of interaction between a user
and a device. First, the user perceives information provided by the device, then interprets and makes
decisions based on the information, and then takes action on (interacts with) the device. The device
accepts input from the device, processes and reacts to the input, and provides output to the user. The point
of contact between the user and the device, for both input and output, is the user interface. Details: The
figure is a cyclical flow diagram with six nodes. The top half of the figure is labeled “user” and contains
three nodes.

TORRE)TAICEATHARET RN B B, a—— LB LOBOBEERY 1L E
RLTWS, B—IZ, A—F—([FHBIIRRLUIBERERA -BRL. FRELLITREEZTL
T.HBREEEICERTITHEES BT EBICAO>TELANERZTANLEL, EOA
NZRIET B, ZELTA—HF—[CHNZRTT 5, 11— — LB OB D EAR AU DFEYA
AEHADEREL, A—F—AUE3—T1—XTH 5B, ##ll:E(E. 62D /—Fh 55 T70—1E
BRTHD, IO LFEn%E 12— — L. 32D/ —FhibiEs,

The bottom half of the figure is labeled “user” and also contains three nodes. Running horizontally across
the middle of the figure, between user and device, is a band, labeled “user interface,” representing the
points of contact between the user and the device. The nodes are arranged in a circle, with each node
connected by an arrow to the next one, proceeding clockwise. In sequence, the three user nodes are

99 ¢

labeled “information perception,” “cognitive processing,” and “control actions.” The user’s control

LRI

actions provide input to the device. In sequence, the device nodes are labeled “input,” “processing and

reaction,” and “output.” The device output provides the information the user perceives.
THPETHIIZIT, 2503320 /— 0 oid, IDEARIZHLIERORAR, 2FY1—
H—LHBOBDN—E [ 1—HF—(2—Tx—X T, A—HF— LR LOBDEfAR A+
ERY . /—RIEAEMRESLIICHATNT, ThEND/—FIFEFFETEIYVIZKEITEA ST
%, EF 5 D300/ —RZEIEEIC, MEWBE . [BHOE | B LVTHIETEIET S 12— —
DHEETENE, BEADANTHS, TFHO/—RZIRIZ. TAN ] TRBERIGIESUTH
N1ET B EROHE AL, A—F BT EEHRTH D,

Prior to conducting HFE/UE analyses you should review and document essential
characteristics of the following:
HFE/UEZ3MT 24T 9 AN, AT OEARR) R A 72 NI CERT 5 2 &,

* Device users; e.g.: [EFEMKEIRD L —HF —
o The intended users of the device (e.g., physician, nurse, professional caregiver,

patient, family member, installer, maintenance staff member, reprocessor, disposer);
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ERESROBXT o2 —— (B, Fi#EtL, MEORMZE, B FE. &
B, RTASY Y 7 FEEN . BN E)

o User characteristics (e.g., functional capabilities (physical, sensory and cognitive),
experience and knowledge levels and behaviors) that could impact the safe and
effective use of the device; and

e A D22 H D 2 72 FHIZ 525
X, BERERYZREE (@ AR, SRR
V)

o The level of training users are expected to have and/or receive.

A=Y —=NRZF DL TEDHED L L

ol

I

L2 MIEL D Ha—P—DR#E (il x
B L BRI L LR D

W

k=

* Device use environments; e.g.: ar O HER 5T
o Hospital, surgical suite, home, emergency use, public use, etc.; or
Wbt Fir=, B, BaMH, /MR s
o Special environments (e.g., emergency transport, mass casualty event, sterile
isolation, hospital intensive care unit).
Fenl7p Bt (BRadins, 2 < OWBEEFEN TS L O e, EERME. ICU7R L)

» Device user interface; e.g.: fégsD L —H —Af L X —7 £ — 2R
o Components and accessories % 4 b -<C 1 g it
o Controls #4140
o Visual displays %7 « A7 LA
o Visual, auditory and tactile feedback ~ %, BEREE L TR DT 1 — RN 7
o Alarms and alerts$# 72 & ONZ 45
o Logic and sequence of operationf{ED 1 ¥~ 7 B L Nt
o Labeling 7 XY 7
o Training #fH&

These considerations are discussed in more detail in the following sections. The
characteristics of the intended users, use environments, and the device user interface should
be taken into account during the medical device development process.

INOOBENEL, WHTHEMIRND, BT L2—9— BB 5 NI
TDA—Y—A U F—T = — ZADOFIT, RO T APIEBEE I DN
EThD,
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5.1 Device Users fas——3—

The intended users of a medical device should be able to use it without making use errors
that could compromise medical care or patient or user safety.

Depending on the specific device and its application, device users might be limited to
professional caregivers, such as physicians, nurses, nurse practitioners, physical and
occupational therapists, social workers, and home care aides. Other user populations could
include medical technologists, radiology technologists, or laboratory professionals. Device
user populations might also include the professionals who install and set up the devices and
those who clean, maintain, repair, or reprocess them. The users of some devices might
instead be non-professionals, including patients who operate devices on themselves to
provide self-care and family members or friends who serve as lay caregivers to people
receiving care in the home, including parents who use devices on their children or supervise
their children’s use of devices.

EREFOERTLI1——F . ER. BEHOIVEI—TF—DRLEBNT RSN H DR
FERAMNGL FEITENTESILE,

BARMLGHEBOZOT IV r—2avIZH b0, 1 —H—I& EEvCEE L. LikEE

T EFRET. EEREL. Vv —I—  AEERMFLOSERESEICHRES
Nn3EENH5, TOMOI—F—BEHT. EREMNTE. BEHREAH LIV IIRERAMNE
FNEEENH D, T BBEDAV AL OEREEZITOIFEMR. RO RTFOBE ER.
TORRZEZTIEMRNEENDHEELH D, HIAMBOI—F—L FEMRTHY . EEE
BEEILITTOEOICEDTIREEITIEEL. RETEREZTHIADNELITOIRELK
A FHRICHLTERKSFEZERLZY ., FRICKAIBBDERZERT SMBALENTNIZE
=2 ENH5,

The ability of a user to operate a medical device depends on his or her personal
characteristics, including:
R A B ET o 2 —F— DR IE, LT O & O R ANBIRHEIC K> Tk E
2o

* Physical size, strength, and stamina,

ERIRE S, K, AZ T

* Physical dexterity, flexibility, and coordination,

W PR o RO SRR B AR

* Sensory abilities (i.e. Vision, hearing, tactile sensitivity),

RS (R, BR, MRER L)
Cognltlve abilities, 1ncluding memory,

° ua Tﬁj? 72@ k @nm\nﬂﬁﬁlé
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* Medical condition for which the device is being used,
HEERDMEDIL TV DR

* Comorbidities (i.e., multiple conditions or diseases),
SPHERE (EEUR BB A)

* Literacy and language skills,

‘WA EEHES). SRARET)

General health status,

AR 7R R R

Mental and emotional state,

AR M OV IR R

Level of education and health literacy relative to the medical condition involved,
BIE S D PRICET D HE SN AV T T =D LL
General knowledge of similar types of devices,

- ERAEER OFARIBEHE 2DV T O — R AR

Knowledge of and experience with the particular device,
FEERSERIC OV T O AR & R

Ability to learn and adapt to a new device, and
SRS A LIS e

 Willingness and motivation to learn to use a new device.

BT AR 28 O 72 DI BT D AR BN AR AT U

You should evaluate and understand the characteristics of all intended user groups that
could affect their interactions with the device and describe them for the purpose of HFE/UE
evaluation and design. These characteristics should be taken into account during the
medical device development process, so that devices might be more accommaodating of the
variability and limitations among users.

ERYTL2TOI—F—JI—TO . BBLOEEERICHELERIIT RO HIFHET
ffids SUERARL . HFE/UEEHE AR AT D =0T ENDZERIR T 5 &, CNO DL, EFEMR
FHETOEXRIERBINDI L, TIITEY, BBESI—F— D ZHRMEOHIRIC, KYIEGTE
HRREMENH D,

5.2 Device Use Environments #§35fF FHIRIE

The environments in which medical devices are used might include a variety of conditions
that could determine optimal user interface design. Medical devices might be used in
clinical environments or non-clinical environments, community settings or moving vehicles.
Examples of environmental use conditions include the following:
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EREBOERRER. BG1—Y— A 8—TJ1—RAREERET D EITHHRALEY
EECREMENH D EFRMERE. BRKIRE. FERKIRR. A RREHOVITETERMTER
SNBBEELDHD.

ERRERHOBIZLUTICEES .

* The lighting level might be low or high, making it hard to see device displays or

controls.
SR LA BMEWETITE WSS, EROT 4 AT LA ORI E N RS 6
AN

* The noise level might be high, making it hard to hear device operation feedback or
audible alerts and alarms or to distinguish one alarm from another.

ARV AVVIREWEEIS, BEESRBRIED T 4 — Ry 7 REW, 77— L0 H
OBV, HOINIT T —LDORXBIDB LB,

* The room could contain multiple models of the same device, component or accessory,
making it difficult to identify and select the correct one.

SERERAT . [F— OB ARG SO B OB DR E N TV D 5 AT,
EELWE Zadik L, BIRT 5008 LV,

* The room might be full of equipment or clutter or busy with other people and activities,
making it difficult for people to maneuver in the space and providing distractions that
could confuse or overwhelm the device user.

RN, EETHSN TS, Lo TS, HDHWITMD N TIRA TV
DIFENDSE D LW, EOZERTOERENHEL <, KD DI =
— W —NEELE T IIRE T S,

* The device might be used in a moving vehicle, subjecting the device and the user to
jostling and vibration that could make it difficult for the user to read a display or
perform fine motor movements.

ETTHORENTHEIRLZEN T 25812, ML a—F—D08500ho7 b | RKH)
IZE - T, FRZmleZ L0, FIEZME 5 Mo RBESEE LV,

You should evaluate and understand relevant characteristics of all intended use
environments and describe them for the purpose of HFE/UE evaluation and design. These
characteristics should be taken into account during the medical device development process,
so that devices might be more accommodating of the conditions of use that could affect
their use safety and effectiveness.

BUTEHITNTOERT HFEAREOFHE M. EAL., HFE/UEFHE RO BHD -8
[CENLERIRT DL CNOoDRFHIT. ERBBARTOLRPIZERSNLIE, ThIZK
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Y. EROREMEEANEICHEESZIDARMEDHHERAFMC. BBV KVIRE T HEN
TE%,

5.3 Device User Interface #gsr—¥F —Af L X —T = — R

A device user interface includes all points of interaction between the user and the device,
including all elements of the device with which the user interacts. A device user interface
might be used while user setups the device (e.g., unpacking, set up, calibration), uses the
device, or performs maintenance on the device (e.g., cleaning, replacing a battery, repairing
parts). It includes:
BRI —AU8—D1—REE A—F—DHEEERTIHEOBRERETEEH. 1—
LB LEORBICHEEERTSITRTORIVNTH D, A —F—DEFRE b7y T (F
., EBRE.RIEGE) FERALTLAEL. BLLFAVTFUREEXELTLVSE CER. B3,
BELGE) BRI —A 3 TJ1—ANMELNLIA ML H D, U TOEEEZSD,
* The size and shape of the device (particularly a concern for hand-held and wearable
devices),
FEIROY A XLTE (BRI FFR B & OSEE RIS 1T O O)
* Elements that provide information to the user, such as indicator lights, displays,
auditory and visual alarms,
ALV =B =DTA MRT A AT LA R - HRT T — Ll a—HF =
(LR S WA =N
* Graphic user interfaces of device software systems,
IR T N T VAT LD T T A AN S F—T = — X
» The logic of overall user-system interaction, including how, when, and in what form
information (i.e., feedback) is provided to the user,
AFR (74— NNy ) Za—W TR 0L Bl Bliraiea
— Y=L P RT AROTXTOMEEHOR Y v 7 |
» Components that the operator connects, positions, configures or manipulates,
FRIEE DR, BLE. RIE D D WITIRIET SRR AL
» Hardware components the user handles to control device operation such as switches,
buttons, and knobs,
AL FRRZ o ) TIRE | IR — PP EELHIET 27200 — |
7 = 7 OGRS b
» Components or accessories that are applied or connected to the patient, and
SREITE M B D WIF ST 2R A B L < UEAT B,

* Packaging and labeling, including operating instructions, training materials, and other
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materials.
CBARGRIAE . BEEESOMOEE A ST T XY

The most effective strategies to employ during device design to reduce or eliminate use-
related hazards involve modifications to the device user interface. To the extent possible,
the “look and feel” of the user interface should be logical and intuitive to use. A well-
designed user interface will facilitate correct user actions and will prevent or discourage
actions that could result in harm (use errors). Addressing use-related hazards by modifying
the device design is usually more effective than revising the labeling or training. In
addition, labeling might not be accessible when needed and training depends on memory,
which might not be accurate or complete.

BT RICERAREE NS — R ERE IR I IRLEVNLGHEE. HEOL—F—1
B—D1—RZEBELTIKIETH S, AIRERRY . 2 —HF— A 2—T1—RADILYI &T4—
W REN TERMICERATESIRETH D, LFEFEINFA—F—08—T1—X (T,
RELBEBZICL. BEGRERICKEYSDT V2 avE L F (3L 5, ERREE N\Y—
FICHERERETDBETHIET HILE. TNV TOEERABTDOBELXT>&YE BELYDR
MITHD, L, SN T IR ELGFICFIATEGWMGENHY . BB FRRICEAINST:
& EFHEFIITLLGLDTIEGULAREENH D,

An important aspect of the user interface design is the extent to which the logic of
information display and control actions is consistent with users’ expectations, abilities, and
likely behaviors at any point during use. Users will expect devices and device components
to operate in ways that are consistent with their experiences with similar devices or user
interface elements. For example, users might expect the flow rate of a liquid or gaseous
substance to increase or to decrease by turning a control knob in a specific direction based
on their previous experiences. The potential for use error increases when this expectation is
violated, for example, when an electronically-driven control dial is designed to be turned in
the opposite direction of dials that were previously mechanical.

A—HP—A A=D1 —RRHTEELI LML, BFROKRREFETEOOD VI, FERAFED
FFRTH, 21— —DRENVERF. PEINSITEEEDEEIT—BIT HMNENITETHD, L
—H—[L BULEEREC L — (3T —RADERERTESOERARRE—H
TEHHET. BB OHBORBIRTIRIETESILEHHFT L. HIAE. —F—(F. LFTD
BEREEIC.FEDARAAGIEH/ TEET ERECIAOREMNEMLIYEDLIZYTHEH
F9 5. COEFMNRUIONDE, BRERADAREMENEED, FIZIL. BEIDOHZRFIE E &Y 38
A LRTO#MIGE RYBERIDOAMICE Y KSR SNI-GEELETHD,
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Increasingly, user interfaces for new medical devices are software-driven. In these cases,
the user interface might include controls such as a keyboard, mouse, stylus, touchscreen;
future devices might be controlled through other means, such as by gesture, eye gaze, or
voice. Other features of the user interface include the manner in which data is organized and
presented to users. Displayed information typically has some form of hierarchical structure

and navigation logic.

FIREREROI—H—A 23—z —X (L. FTET VIR THIEAEZ TS, CD &K%
BE.AVA—T1—ADHHEEICIX, F—HR—F. . IDRX ZVFRY BLUAYFRI—2
BENHD FRDEEKSRIE. DTAFv—. IR HAWNIFELGE . D HEIZKDHHIEIZAR
BABEMEDH D, I—F—A3—TI—ADZTDMDEFHIE. T—2ZEBELT1—F—IZ1R
REAHELGEDHD, BRERICIE. BE . BEBELCTES 23> - 009 OB AL
bNhd,

6. Preliminary Analyses and Evaluations F{#BfEAT
& Pt

Preliminary analyses and evaluations are performed to identify user tasks, user interface
components and use issues early in the design process. These analyses help focus the
HFE/UE processes on the user interface design as it is being developed so it can be
optimized with respect to safe and effective use. One of the most important outcomes of
these analyses is comprehensive identification and categorization of user tasks, leading to a
list of critical tasks (Section 6.1).

FleBTEEHEIL. 21— —2R), A —F—AU 38— — BRIV ER LOREL
FHETOEADO MR THIEICT 2=OIZERT H. choD T, FARBRETLI—F—1
VB—J—RADFKEFHTHFE/UET O RERFSELIDITHILD, 259 HET. X2 BDF
MEERICELT. RBIENTEDEIITHS, MMER TRVEELGI L. SEFEMNLGLI—H—
2R DAL RV EEIETHS6.1ESE),

Human factors and usability engineering offer a variety of methods for studying the
interactions between devices and their users. Your choice of approaches to take when
developing a new or modified device is dependent on many factors related to the specific
device development effort, such as the level of novelty of the planned device and your
initial level of knowledge of the device type and the device users.
ANBIZEA—HFEYTA IR BRI —F—DHEERERET 5-ODKRRLEHEER
HLTWS, FRESRHIVITREHBORREICRIRT 27 T0—F (&, AR FEDHED
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FRRMEL NIV, BRI T - EFE L —F— IOV TO N ETOMBAL . HFEDHIRMAFH
DEYHEAHEET SRR LGERITIKET S,

Frequently-used HFE/UE analysis and evaluation methods are discussed below. They can
be used to identify problems known to exist with previous versions of the device or device
type (Section 6.2). Analytical methods (Section 6.3) and empirical methods (Section 6.4)
can be useful for identifying use-related hazards and hazardous situations. These techniques
are discussed separately; however, they are interdependent and should be employed in
complementary ways. The results of these analyses and evaluations should be used to
inform your risk management efforts (Section 7) and development of the protocol for the
human factors validation test (Section 8).

{EFREE D ZHFE/UED#T EFFM A EICDWLT, UTFICERBAT S5, Thbld, I IB/N—2
AV FIIER I T IZH IR OB EE AT 5= EAREETHD(6.2IES]), 2 A
E(6IESRRURRMNAEGAESR) L., FRBENY—FLERKEZHIATLIOICER
2B 2ENHD, CNHDFEIZTDONT, Bl RIZERBAT 50, MFISHEITIKET LD TH
Y, BEHICAVLNERETHS, ATEFHEDRERIX. YRIIR AV MEER(TESR)RY
AEIZZEON)T—2aVBBOTORILERORREZRT=OICALLNERETHD,

6.1 Critical Task Identification and Categorization EE & X 7 OBHfE{L &
vapstld

An essential goal of the preliminary analysis and evaluation process is to identify critical
tasks that users should perform correctly for use of the medical device to be safe and
effective.

FlRUBHRCHEOTOLRAORENGZBZF. 21— —DREBODAVNICERESED
FERADEOICELCERTRNEEELGIRVEHEIZT HIETHD,

You should categorize the user tasks based on the severity of the potential harm that could
result from use errors, as identified in the risk analysis. The purpose is to identify the tasks
that, if performed incorrectly or not performed at all, would or could cause serious harm.
These are the critical tasks. Risk analysis approaches, such as failure modes effects analysis
(FMEA) and fault tree analysis (FTA) can be helpful tools for this purpose.
JRAIAMTRENTZEIIC, BERICEYSLBENBEOREICEDE, 21— —4RI%H
I HIE TDEMIE, a—F—2RIDEE->TITh N F L 2dThn s >f-ZE T,
BECEREICERGREEZL 0T EAFFL 0T AN HAHFIRVEHREICT 5L
THD. NblE EEIRITHD, BEE—FLZTDEEDOEFFMEA) R T+—ILY)—fF
HETADESEYRISMTTA—FIE. COBMD=OICHREY—ILIZEY S5,
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All risks associated with the warnings, cautions and contraindications in the labeling should
be included in the risk assessment. Reasonably foreseeable misuse (including device use by
unintended but foreseeable users) should be evaluated to the extent possible, and the
labeling should include specific warnings describing that use and the potential
consequences. Abnormal use is generally not controllable through application of HFE/UE
processes.

IRNYDTIZHEIEE IR EREEOTRTOVRVIF VRVFHEIZEDH S L, (ERLE
WA, FRATREGR I —HICKAMBRFERZEL)FRIATRELAEA L, HRLHBYFHET S L,
ZLT. IRV T &, FRIMRELRALZTNICKYRIYSHHEREKRNICTEHL-EEE2ED
C& BEFEAKBEIFHFE/UETAERD T T r—avIc&>THIETERL,

The list of critical tasks is dynamic and will change as the device design evolves and the
preliminary analysis and evaluation process continues. As user interactions with the user
interface become better understood, additional critical tasks will likely be identified and be
added to the list. The final list of critical tasks is used to structure the human factors
validation test to ensure it focuses on the tasks that relate to device use safety and
effectiveness. Note that some potential use errors might not be recognized until the human
factors validation testing is conducted, which is why the test protocol should include
mechanisms to detect previously unanticipated use errors.
BEEARYD)AMIENITHAT1=60 . WERFADVETITON . ZLTFEMEH ST TR
AN MEET BITON VAMIERT B, A—F—(03—Tx—REA—HF—DOHEERADE
BOELYREDIION EMEZFIRIMNALMNIGEY Y AMNIEMENSTZ55, EEFIRIDER
BIRVAMNE BB FEAORLUEANEICREET IR VICERZEES, AR ITZEO/N\)T—
LAVERBREEET HDIEOND, BENGRERAOPICIE. ABMITZON)T—aV iR
EEBETHIETRIIENTELRVLDAH D, TN R BRI FRITEHVRERZR DT
B=ODEHEAETANTORINIZEDDBIRETH D,

6.1.1 Failure mode effects analysis #[&E— R & Z OB DT

Applying a failure mode effects analysis approach to analysis of use safety is most
successful when performed by a team consisting of people from relevant specialty areas.
The analysis team might include individuals with experience using the device such as a
patient who uses the device or a clinical expert and also a design engineer and a human
factors specialist. The team approach ensures that the analysis includes multiple viewpoints
on potential use errors and the harm that could result. The FMEA team “brainstorms”
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possible use scenarios that could lead to a “failure mode” and considers the tasks and
potential harm for each possible use error.

BRI INFOEMARTEEEINSGF—LICKY. BEE—FEZOEEOBTMNTIO—F%
FRAOREMUMMICERT AL BLIFEUN, PMF—LIX BB EERTIEE. HDHLE
FRARDEMR., HHBMERVABIZOARD YYD LG HBEAOREREEFE DAL
LTHERBEINTVSIEDH D AN F—LOT7ITO—F(E, SNBENGRERETORE
ALSAREEDHABEITDONT, LOMREATITHON S EEHEERLGLDIZT 5, FMEAF—
LlF, BMEE—FDOREAELLGYSHEBERSFIAITOVTIL—VRA—3VJ L EBIYZS
READENETNIIHLT, FRVEBENBEERAT 5,

A task analysis can be helpful in this process by describing user—device interaction. The
task analysis should also be refined during the FMEA process.

BRRVAHTIE, A —F—LBBOMEEMEAERDR T HE. COFMEATOERA Y 5<%, &2
RODHIE, F-FMEATOERFICHBEINDZRETH S,

6.1.2 Fault tree analysis” z—» b U —fig#7

Fault tree analysis (FTA) differs from FMEA in that it begins by deducing and considering
“faults” (use-related hazards) associated with device use (a “top-down” approach), whereas
FMEA begins with the user interactions (a “bottom up” approach) and explores how they
might lead to failure modes. As with FMEA, FTA is best accomplished by a diverse team
using the brainstorming method. Even more than for FMEA, a task analysis is essential for
constructing a FTA fault tree that includes all aspects of user—device interaction. Although
FMEA and FTA are often used to identify and categorize use-related hazards, their
effectiveness depends on the extent to which all hazards and use errors that could cause
harm during device use can be deduced analytically by team members.

TA—ILEY)— BT IEFMEAE (ERY | IR ERBEED ‘MW" (EREED/ N\ —R)EH R
L. ZLTRETHIENSIRED(MYTF OO T7TO—F), ZNITHL T, FMEAIZ, 1—H—48
EERICI|FEYGRILE YO 7T0—F), TOHEERANE D KSITHEE—FITHESTLLKD
MEIFRRT %, FMEALRRRIZ, FTALE R BFDO AN TEBEN - F—LNTL—V R —3Y
TOFEEANDILET, REIF

A—Y—RBOHEEERAOIRNTOAEEEL IT+—ILEY)—%1EET 5=, FMEAKYD
ZLDARI DI DNBEFRAAR TEH D, FMEALFTAIZLIXLIXFERABLED /N —RZBHES LUV
PETLHEOICALLND, TOMRIE. F—LAVN—DTRTONF—FRUPRERHL
BEAPICATLRECTHIE, EOREBRTMICHRTETEINIES,
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FTA, FMEA, and related approaches can be employed to identify and categorize use-related
hazards, but the results should then be used to inform plans for simulated-use testing, which
can confirm and augment the findings of the analytical risk analysis processes. Analytical
processes do not include actual users or represent realistic use, and because use error is
often “surprising” to analysts, simulated-use testing is necessary and should be designed to
identify use errors not previously recognized or identified.

FTA FMEAB KU ZNLICEEL-7TO0—F (3., ERABEN\Y—FEBAREICL, 55T 50
[CAWASIENTEDD ., TORRIE. BRERHABRAEERIDIEOLNEIRETHS. 5
THLETHRTHGYRI A TOLADEREEMTL, WOITENTES, BIFHWTOERT
(. EEOEREEZESFLEL., FABREMLGEREZRBRLGD, BRERELIELIESHEIZE
STIEZITHA-OERBFERAHRIVET. LATNFEHEITH R TELG,N > IRERZH
FEICT 1= A RLRETHD,

6.2 Identification of Known Use-Related Problems BE%n o> F BEEE R E D
ARl

When developing a new device, it is useful to identify use-related problems (if any) that
have occurred with devices that are similar to the one under development with regard to
use, the user interface or user interactions. When these types of problems are found, they
should be considered during the design of the new device’s user interface. These devices
might have been made by the same manufacturer or by other manufacturers. Sources of
information on use-related problems include customer complaint files, and the knowledge
of training and sales staff familiar with use-related problems. Information can also be
obtained from previous HFE/UE studies conducted, for example, on earlier versions of the
device being developed or on similar existing devices. Other sources of information on
known use-related hazards are current device users, journal articles, proceedings of
professional meetings, newsletters, and relevant internet sites, such as:

FIRBESRORREE. R, 2 —Y—( 24— —XHAWNEA—F—HEERIZ DT, FAF
PO EIRICEE TV A EAEEMELZREICT HCENFRTHS, CNoDF(T
DN R DM 15, FRERD I —(A—TJ1—XDHREFIZZDMEERET IR
ETHD. NoDEFEKSFL. ACHEEEF-FHMOREXE TSI >THESNTIDIGE
b, EAEEDHEICEYT HEREEL. BENDIL—LIT7AILY, EAEEMEICHE
BLTWAHEFELEOE—ILAREY T DB EE TH S, FHIL. LIATTHN-HFE/UESR &
NoFoNdIebHd, TOMELTIE. RADHEBL—F—O, #EEE. FMARIBOR
EROSW. RUOBEEST 13— A IDEHRIFELGE D, 13— YN AMILLTDE
Yo
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* FDA’s Manufacturer and User Facility Device Experience (MAUDE) database;

* FDA’s MedSun: Medical Product Safety Network;

* CDRH Medical Device Recalls;

* FDA Safety Communications;

* ECRI’s Medical Device Safety Reports;

* The Institute of Safe Medical Practices (ISMP's) Medication Safety Alert Newsletters;
and

* The Joint Commission’s Sentinel Events.

All known use errors and use-related problems should be considered in the risk analysis for
a new device and included if they apply to the new device.
BHMORFERSIMEABEERMBEDT N TE., FHAKFEO-ODIRIP T TERE T HRET
HY. TNODFRBRICHL B TEFELIDLEL . YRIATITHARALRETH D,

6.3 Analytical Approaches to Identifying Critical Tasks EE X X 7 %A
ZF D7D DT T e —F

Analytical approaches involve review and assessment of user interactions with devices.
These approaches are most helpful for design development when applied early in the
process. The results include identification of hazardous situations, i.e. specific tasks or use
scenarios including user-device interactions involving use errors that could cause harm.
Analytical approaches can also be used for studying use-related hazardous situations that
are too dangerous to study in simulated-use testing. The results are used to inform the
formative evaluation (see Section 6.4.3) and human factors validation testing (see Section
8) that follow.

BT I0—FI& a——tHBOMEERADOLE 2 —RUFHEZ#S. ChoD77A—
FERHAFEOVHEETERT L. ZRUERATHD, 77O—FOFER. BIRKEHBAREIC
5%, TEhbE BELLGYIDRERERES. 1—F—EFOHEEERAZETCHEDIRIP®
FRADFIATHL, BT ITO—FIE. HFYICHLRKRTE5-OERERRRTRET
FHEVMERBEEDBRKEZRAET S-OICHAVSIENAEETH D, TDFERIETDRIZITS
s B HIETTE (6.4.35 ) B LU AR I ED /N T— 3V REREEZSRIOKRERT DIZFED
nd,

Analytical approaches for identifying use-related hazards and hazardous situations include
analysis of the expected needs of users of the new device, analysis of available information
about the use of similar devices, and employment of one or more analytical methods such as
task analysis and heuristic and expert analyses. (Empirical approaches for identifying use-
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related hazards and hazardous situations include methods such as contextual inquiry and
interview techniques and are discussed in Section 6.4.)
FEABENT—FRUBKRIKEZ R T 5O DB 7 TO—FICIE, FRERMKSRICI—
PR E2=— XD FLREOERICET S AFAIRELERO ST, Ea—) X T
VIR CEMMBRNGE D—DULDBITNLEHEDOEREEDH S, (EREENT—FRY
EIRREEHIRIT 5O DEBRM T TO—FIL AV THFRAMMUAEA—PA U FE1—EGE
DNHEEET, ZLT. ZD7TO—FIZDLTIL, 6.4IBIZTERBET S),
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6.3.1 Task Analysis & & 7 4347

Task analysis techniques systematically break down the device use process into discrete
sequences of tasks. The tasks are then analyzed to identify the user interface components
involved, the use errors that users could make and the potential results of all use errors. A
simple example of a task analysis component for a hand-held blood glucose meter includes
the tasks listed in Table 1.

RRYGIEIE BBRFEATOERZBELDO—EDIRVIZ ARMITHA T 5. RV,
BRI 21— 3— T —RBHIHR. I —F—DEILIDBRFEARVEIYZEILHTA
TORERZHEICT 5-OI21T5, BHFHMBERERDO IR IR —RU OB B
FlERI1ITRT,

Table 1. A simple task analysis for a hand-held blood glucose meter. 31 : 5728 i b fE 1
Ean D HLI0 2 X 7 53 Hr

# |Task Z#R7

1 | User places the test strip into the strip port of the meter
AP TR & P8 OB — MZE <,
2 | User lances a finger with a lancing device

a—H— 352 A B UIBAE THIBE 2,

3 | User applies the blood sample to the tip of the test strip
Z— T > 7B RO S AT B,
4 | The user waits for the meter to return a result

2 — PRI D F TR,

5 | The user reads the displayed value

P TR ST EUE A BT

6 | The user interprets the displayed value

=P IR ST HUE A IR 5,

7 | The user decides what action to take next

A=Y= FRIZEART 7 v a vk LTIV onikd
Do

The task analysis can be used to help answer the following questions:

B AT GHTE. LT OBERICEZ D DIESLHDZ LR TE D,
* What use errors might users make on each task?
A== ENENDF AT T, EARBEMNEZEZTZENHDDN?
» What circumstances might cause users to make use errors on each task?
CENIRIRID, 22— ENENOF A TR Z RS2 035D
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D2

* What harm might result from each use error?
ENENOBRBEHANS EARGEENECZDDN?

* How might the occurrence of each use error be prevented or made less frequent?
ENTNOREROREZ EOL D ITHIETE 50, £FEDL I ITHEE
BWOHTZEBRTEHDON?

* How might the severity of the potential harm associated with each use error be
reduced?

ENENORERICEE T 2B ENAFEOERI L EOLIITHLTZ LN T
LD

Task analysis techniques can be used to study how users would likely perform each task and
potential use error modes can be identified for each of the tasks. For each user interaction,
the user actions can be identified using the model shown in Figure 4, i.e., the perceptual
inputs, cognitive processing, and physical actions involved in performing the step. For
example, perceptual information could be difficult or impossible to notice or detect and then
as a cognitive component they could be difficult to interpret or could be misinterpreted;
additional cognitive tasks could be confusing or complicated or inconsistent with the user’s
past experiences; and physical actions could be incorrect, inappropriately timed, or
impossible to accomplish. Each of these use error modes should be analyzed to identify the
potential consequences of the errors and the potential resulting harm.

BRRIPEF. A—F—DENENDFRIEEDLSITETTHH ., TLTEREMGERD
I5—EFE—RE. ZNTRDERIICHLT, EQKSIHBITHIENTELDNERET 51280
[ZEESCENTRETH S B DL—F—HEERICEAL T, R4ITRLETLZANT, 21—
=703V FHRATHIENAETH D, Thhb ATYTDRTITHEIMEMLZEAN, B
HAES SUMERNGIRIETH D, BIZIE. MRFRIE. [OERIFRMTHIEH, #LMS
=Y, TEEMNYTHEENHY . BHEREL T, RIS R (TR RE T HIEE
HNHD. ZL T BMDRHMERIM, ADVIKLGS B#ICEDS. HEWNEI—F—DBE
DRFRE—BLIENEITE D, LT, MERNGIREERLES . UGS TRELGL,
LLLIFRIEE DOV RIFHIENTELRVATREENH D, CNOEDFERDIS—E—FD—D2—2
(F. TT—ICKURBIYSAHBERBLUVHERELTEIYSDBELHMEICT H-OITEBTTRET
Hd.

To begin to address the questions raised above, the analyst will need to understand more
specific details such as: LA T2 o 72 E IS Lig® HBRIC, S ITLL T O XL
I, KV BARRZRE M A BT D LN H D
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* The effort required by the user to perform each task (e.g., to apply a blood sample to
the test strip) correctly.

KB ARAT BT DI, 22— BRI LT HEE WX, iRt 7
A BNT 5 2 &),

* The frequency that the user performs each task.

=W —NENENDZ AT T HHE,

* The characteristics of the user population that might cause some users to have difficulty
with each task.

=P —Z L 5T, HH AT ORITHREE D ATREIED & 5 2 —H —EMH D
R,

* The characteristics of the use environment that might affect the test results or the user’s
ability to perform each task.

BH AT EBTT DD MR R ELZ2—F—ORNTEEE 525
RIREME D & 2 i BRBE D R 1L,

» The impact of use errors on the accuracy, safety or effectiveness of the devices’
subsequent operations.

AR OB E D IERERE . L AVEF T IXA R~ ORAE H D 5%,

6.3.2Heuristic Analysis b =—VURT 1 v 743HF
Heuristic analysis is a process in which analysts (usually HFE/UE specialists) evaluate a
device’s user interface against user interface design principles, rules or “heuristic”
guidelines. The object is to evaluate the user interface overall, and identify possible
weaknesses in the design, especially when use error could lead to harm. Heuristic analyses
include careful consideration of accepted concepts for design of the user interface. A variety
of heuristics are available and you should take care to select the one or ones that are most
appropriate for your specific application.
Ea—URTFA4vIR L. D EGEE EFHFE/UERRD ¥ RN, A—HF—(3—Tx—REK
FHORA IW—ILFEIFTRREIFAFSAVICRH LT BBOL—F—( 23— T — X% 5
THTACATHD, BEEIE. A—HF—AU3—Tx—REFTRTEHET 52 &, ZL T, HRETTH
(T 5 BERMGERZHAIEICT 5L, IS, RERAISBELLYSDGEETHD. Ea—ATAY
IRMIE A—F— AU F— T —AD B ELDIERBEFAVETFOARLGRFZET KRR K
Ea—RT4vIFENFAREET. ZHTH7 IV r—avIitmgb@iLiz-—DO UL DF E%E
AR RCBIRT HRETHS,
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6.3.3 Expert ReviewEE 5 L & 2 —

Expert reviews rely on clinical experts or human factors experts to analyze device use,
identify problems, and make recommendations for addressing them. The difference between
expert review and heuristic analysis is that expert review relies more heavily on assessment
done by individuals with expertise in a specific area based on their personal experiences and
opinions. The success of the expert review depends on the expert’s knowledge and
understanding of the device technology, its use, clinical applications, and characteristics of
the intended users, as well as the expert’s ability to predict actual device use. Reviews
conducted by multiple experts, either independently or as a group, are likely to identify a
higher number of potential use problems.

EMRLEa—F, #BFERZ ML CRIEZHEICL. EALITHIET 5O DHEEIREIR
ETABREKREMRCARMIZOEMRICES> TS, BEMRICKSILEA—LEa—)RXTaVY
DHOMEET, EFRLEL—(E HEIBEFBFOEMMBLFo-ELDRROERIZ. &Y
REERUL TS, EFRLEL—D R T EMENE. EIEOKFERAZFTRTIEMRD
BENTZH T EFR OB OEMICOVWTOMBMEIERE, FA. RRICARVERT S
A—HF—DRFEIZHIRET . LE2—(F BHOEMRLICE>TEBEIZH T TITHN
%, EFITIE, BT, LEZITFT IL—T Titbh ., LY ZLDBENGERMEZAEICT 5L
Eibnd,

6.4 Empirical Approaches to ldentifying Critical Tasks EE# X 7 % |3
T B D DR T 7 e —F

Empirical approaches to identifying potential use-related hazards and hazardous situations
derive data from users’ experiences interacting with the device or device prototypes or
mock-ups. They provide additional information to inform the product development process
beyond what is possible using analytical approaches.

Empirical approaches include methods such as contextual inquiry, interview techniques and
simulated-use testing. To obtain valid data, it is important in such studies for the testing to
include participants who are representative of the intended users. It is also important for
facilitators to be impartial and to strive not to influence the behavior or responses of the
participants.

BENGEREENY—FRUBKRIKELZHIRTHERO7IO—F T, #25. TOba17,
HEINETEVIT YT EHBEERLIZGEEDI——ITIRRY IV AN T—2%EEHT &
EFHINI=T A0S BN T7TO—FZ2ANTTESILLYELELD, HARAFKETOEXIZHE
I HEMEHENFEOND,

BERM7IO0—FIZE. AV THFRMUAE 21— AU AE 12— A OEBERRBRGE DA EN
Hb. BNGET /O ChoDHBROHBSMEIEHT 51— —DRERETHD
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CENEETHD, T ARIBLF L, AFET, SMEBOTHORIGICHEZENENLIIZEN
FRENEETHD.

6.4.1 Contextual Inquiry =227 %R FFAE

Contextual inquiry involves observing representatives of the intended users interacting with
a currently marketed device (similar to the device being developed) as they normally would
and in an actual use environment. The objective is to understand how design of the user
interface affects the safety and effectiveness of its use, which aspects of the design are
acceptable and which should be designed differently. In addition to observing, this process
can include asking users questions while they use the device or interviewing them
afterward. Users could be asked what they were doing and why they used the device the
way they did. This process can help with understanding the users’ perspectives on difficult
or potentially unsafe interactions, effects of the actual use environment, and various issues
related to work load and typical work flow.

AVTHANMRAERICIK. BETRSATO S FER P ORFLELLTWDDERAZERKYT
51— —DREEVEBORBEOF TEELEDLSIHERTINDORELNEEND, AT
FRMAEDOEMIE, I —F—A23—T—ADFREIH . BEBRDOREMEF/IMHEICEDLSIC
HEEEZHDN ., BRETDEDRANHFETELIDON., TLTEDEAERLGESTEEETITTHN
ELRON. BRETEIILTHD, BIRICMA T, COTOERTIE, a—H—HHEsEFEADIC,
FEEEREDAVIEL—T, A—F—~OBERMNMEITENH D, 12— —(F, fAIZLTLV=
M ZLTHEZDOPYATHSBREERALIZONERZZ(T5156801H5, COTAEXIE. #HL
WHEERFELEBEMICRETREVAEERIC OV TOA——0E X EREOHERER
BADEE TL XA CARMGERTO—BEDHKLLBEICOVWTERET H L THE
LD,

6.4.2 Interviews £ > # B o2 —

Individual and group interviews (the latter are sometimes called “focus groups™) generate
qualitative information regarding the perceptions, opinions, beliefs and attitudes of
individual or groups of device users and patients. In the interviews, users can be asked to
describe their experiences with existing devices, specific problems they had while using
them, and provide their perspectives on the way a new device should be designed.
BRI BE1—B LV T IN—T A EBE1—(RE X TA—HRT I —TI1ERESRIELHB)T
. BFLI—F—RVEAF-EEAOEREORR. ER. G2 LTREICEAT HE ML
B/ OND, 1V AE1—DHTI—Y—(&, BIFHEIROERBREBR ORI ERAPICES:
HEDEEICEAT 5. TLTHRBSENEALGRI THOTHRLLINIIOVT, 22— —D
ERAFEROONDHZENH D,
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Interviews can focus on topics of particular interest and explore specific issues in depth.
They should be structured to cover all relevant topics but allow for unscripted discussion
when the interviewee’s responses require clarification or raise new questions. Individual
interviews allow the interviewer to understand the perspectives of individuals who, for
example, might represent specific categories of users or understand particular aspects of
device use or applications. Individual interviews can also make it easier for people to
discuss issues that they might not be comfortable discussing in a group. Group interviews
offer the advantage of providing individuals with the opportunity to interact with other
people as they discuss topics.

AVBEA—TIE BHICBEDDHHNEVIIZHERY  BFEDREBICDONWTEURDZEN H D,
AVBE1— (& BET HETOREVIERBET DINEEN AU EE 1 —F R 1T HAIDREIZH
HESNKRDHONDIZER. F-LGHENMRESNSEES . SRDOLVERLERIND BLXD
AVRAEA—IZBVT AVRE27— L BIZAIEHEDATI ) —D1—HF—2RKITHEAD
EAAO HEERALKIERRSBOEADHEDAIEICOVWTEREZT LI ENTED F
F=. T —TTELESIEFRIZEY S HREEER DA AE21—I2F 5 LT, BRLA<LED
BENHD JIN—TAEE 21—k AV FE1—%2(15— ANV EYDREVIEZER/T HF
T D ANEEDYHIWEZTBEABENIIRET AV VD H D,

6.4.3 Formative Evaluations J&pZRIREAT

Formative evaluations are used to inform device user interface design while it is in
development. It should focus on the issues that the preliminary analyses indicated were
most likely to involve use safety (e.g., aspects of user interaction with the device that are
complicated and need to be explored). It should also focus on those areas where design
options for the user interface are not yet final.

e R ROETE & . BB TOMBR I — —( L 3—TJ—RXRETDKRERT=HIZALGR
%, MRRIEHE L. FIEHEHT TRENE-ABEDIE. BEOTLEICREDLA RSN E I -
F-FARRICHIZERDNETH S (BIA L B TRENSVEITLED, 1—F—ERBLOHREER
DORE) . I—F—A 23— —RADQFRHA T arv A RERTIEGEVERIZE T+ —HRT
BRETHS,

Formative evaluation complements and refines the analytical approaches described in
Section 6.3, revealing use issues that can only be identified through observing user
interaction with the device. For example, formative evaluation can reveal previously
unrecognized use-related hazards and use errors and help identify new critical tasks. It can
also be used to:
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R RRIETE I . 1 —H —EHEBOMEEREZHREL TS EE(CEITHAI TE A ERMEEZHAL
MZLT, 6B THRALIEITH T TO—FEMTL. LOBDITHRL TV, BIZIE, FEREY
SR 1. LAATERRE CERA o ERRE N — R B XUV REREALNIT HENTE, HL
WERARVZHAT BDIRILD UTDIEITHHHFHEZFESI LA TES,

« Inform the design of the device user interface (including possible design trade-offs),

C(EITARERRGT P L — R 7 250 s — Y — A VU — T = — ADFKETC
DUVNTIRT,

* Assess the effectiveness of measures implemented to reduce or eliminate use-related
hazards or potential use errors,

AERBIEANY — i KO 2 0 15 2 38 H 2RI 72 13 8RR T~ 5 72 0 B #L A
TEXER DA M Z AT 5

* Determine training requirements and inform the design of the labeling and training
materials (which should be finalized prior to human factors validation testing), and

ML —= IV TCOERFHAZRETHZ L, LT (ANHTLFEONYF—r 3
VRBROBNCHEETRE) TR T OROHEEREROT A TR T,

« Inform the content and structure of the human factors validation testing.

CAMLZONY) F— g VEBRINE &R AR,

The methods used for formative evaluation should be chosen based on the need for
additional understanding and clarification of user interactions with the device user interface.
Formative evaluation can be conducted with varying degrees of formality and sample sizes,
depending on how much information is needed to inform device design, the complexity of
the device and its use, the variability of the user population, or specific conditions of use
(e.g., worst-case conditions). Formative evaluations can involve simple mock-up devices,
preliminary prototypes or more advanced prototypes as the design evolves. They can also
be tailored to focus on specific accessories or elements of the user interface or on certain
aspects of the use environment or specific sub-groups of users.

B RRIEHEIZRAWLS AL, a1 — — (23— —REA—F—DHEERADELHE
BLBBRICLERLDELLISERTRETH D, ML, kA BEEORKXEYTIL
HAXIZEODETEBRTHIENTES, ThIE B HBRETOEROEM S 12—
—DEBEHOZHME. HAVIHEDFEAFHBIZE. RELGEMHERIT=OIZIE EDLL
WDBEHRNBBELGOMNERSIND, BB T, EEAERRAINDIZON ., DU TILEE
VO T VTR . FHREBOTOMATE LTIV EAZEREOTONMATRRELLES, Fi=.
A—HF—AU3—T1—ADHENHBERVLEZRHIVIFEARELCI—F—DHFEDH T
L—TDOHDIBEICHER>T. TNICHBRMRAEEZEHLELIENTES,
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Design modifications should be implemented and then evaluated for adequacy during this
phase of device development in an iterative fashion until the device is ready for human
factors validation testing. User interface design flaws identified during formative evaluation
can be addressed more easily and less expensively than they could be later in the design
process, especially following discovery of design flaws during human factors validation
testing. If no formative evaluation is conducted and design flaws are found in the human
factors validation testing, then that test essentially becomes a formative evaluation.
REMBIEL BBITHL TN\ T—2aVEABRETADELIICIAHET, HARFRRME T, BYR
LITWEHES 52 &, BRREF @R ICHIBAL -2 — —( 2 2—TJ— XD RMEIE. RETTAEX
DEDHTRIEMNHIAT HLY ., FYBEICERZNNTTISHET HIENTES, FHIZ. AMH
THEN)T—2a i RRIC. R LOXRMERER T DHEY . JYBEICERZNTTICRIET
BIENTES, LLEHREEE N TTHON T . TLTEES LORMAABIENIT—2a0 R
BRpICROhBEMo1=15E . N T—a BN RE MG R pET i &7 5.

The effectiveness of formative evaluation for providing better understanding of use issues
(and preventing a human factors validation test from becoming a formative evaluation) will
depend on the quality of the formative evaluation. Depending on the rigor of the test you
conduct, you might underestimate the existence or importance of problems found, for
example, because the test participants were unrealistically well trained, capable, or careful
during the test. Unlike human factors validation testing, company employees can serve as
participants in formative evaluation; however, their performance and opinions could be
misleading or incomplete if they are not representative of the intended users, are familiar
with the device or are hesitant to express their honest opinions.
FALEDORBELVEFTLHOHIZIE (FLTABIEN)T—a i BRE R REHEIC LA
W=®IZIE), REIFHE DA R, AMFHADBICE-TRE S, Eie T HHBRDERIES
[C&Y. REL-MEOFECEZE L E/NTHE T SR RN H D, BIZ L. HEDOSMEL.
FEHREMNRZIFIETDLBHEEEZITTVD, BENINH L. HAWIRABRPEIZ RN o120, A
BIZDON)T—aViRBREFERY  SHREXEE, WA EDOSME LLLIENTE
AN REENERTEHI—F—DRRETHL., BRITHEELTWS LI EELRERE
BOCLEOLIGE . MEBD/NTH—IVRPERN, REEBEIEFT 2 gEEH
Hd.

The protocol for a formative evaluation typically specifies the following:
JERHIR Il D 7 1 ks 2L TIE—RENICLL FORNEZBE L T\ 5,
* Evaluation purpose, goals and priorities;

RHIO BB, BARR K OEESEIERL
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« Portion of the user interface to be assessed;

FHIT % A v 5 =T xR

Use scenarios and tasks involved;

A=A F U FABIOEEST L X X7

Evaluation participants;

ik

Data collection method or methods (e.g., cognitive walk-through, observation,
discussion, interview);

T HWEEE B X, BT r— 7 A— Bl Ham. X Ea—)
Data analysis methods; and

- T — 2 RN T A

How the evaluation results will be used.

SHMEE RS E D X o DI S D,

The results of formative evaluation should be used to determine whether design
modifications are needed and what form they should take. Because this testing is conducted
on a design in progress, is often less formal and often uses different methods, the results
will not apply directly to the final user interface design.

BREFHEDHER (T, FREHEENLENEN. ELTHIHBEEEZLE D LSLGHTITINENETIR
HEEHICALLNEIE, COFHEIE, BRENEDHON TS EZILThh . K (T>TTIH A
{\ZLTLIELIFEGS - AEN NS0 TOHERIE. ZRERLI—F—108—T1—X
EEHICEEERINGL,

Formative evaluations can be effective tools for identifying and understanding ways in
which the user interface affects user interactions. The quality of the test results and the
information gained from them will depend on the quality of the formative evaluation. You
should take care not underestimate or overestimate the frequency of problems based on the
formative evaluation results. Participants could be unrealistically well trained, capable, or
careful during the test or the device prototype could differ from the final design in ways that
affect user interactions.

BRHIEHE L, 2——A 38— DJx— AN 21— —LDOHEEERIZ. EQLIICEET HHE
FIRIL ., BRETH-ODFHDEY—ILIZLES, AREREHABRNSFONIBEROE L. R
FHBDEICE>TRES MR RZT L LI BEE O E 2@/ HE F /= (F@E K FFE L%
WEIEFEBTHIE. EMEBE . FREMLZFETRLGHEEZTTLS BENNHSL. HLLZ
HERAGIERMEENHD. HAWIEIOTOMATH, A —F—LDOHEEERA~DFEL
WWIRIZBNT, RRERETERLDHIENHD,
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6.4.3.1 Cognitive Walk-Throughg8 i) ¥ 4 — 7 X L—k

A simple kind of formative evaluation involving users is the cognitive walk-through. In a
cognitive walk-through, test participants are guided through the process of using a device.
During the walk-through, participants are questioned and encouraged to discuss their
thought processes (sometimes called “think aloud”) and explain any difficulties or concerns
they have.

A—H =AY SR D— DI, BT+ —I R —iEH D, BRI+ —V X )IL—
ETIER.EREME L. BBOERTOLREEL T, FEIND, RMHVA—I XIL—ENE
F.SMETEMZZFY. HoDBREBBREICOVTERT DLORINYTHITHRERE)
EEIF(END), ZL T, HOICESTH LMoz ZEPHEOABULV B ERZHRALTESS,

6.4.3.2 Simulated-Use Testingi¥##fE A aBk

Simulated-use testing provides a powerful method to study users interacting with the device
user interface and performing actual tasks. This kind of testing involves systematic
collection of data from test participants using a device, device component or system in
realistic use scenarios but under simulated conditions of use (e.g., with the device not
powered or used on a manikin rather than an actual patient). In contrast to a cognitive walk-
through, simulated-use testing allows participants to use the device more independently and
naturally. Simulated use testing can explore user interaction with the device overall or it can
investigate specific human factors considerations identified in the preliminary analyses,
such as infrequent or particularly difficult tasks or use scenarios, challenging conditions of
use, use by specific user populations, or adequacy of the proposed training.
EEFEARRE. - ¥BF 1 — (V23— D1 —RXOMEERBIUEBRDIRVEE
TR FERAEIA-ODBRNEFETHS, COBDKARTIE. REFHETTBHIAE, E
BN AS>TULWEWEEREES>T, HAWEEBRDBETEHLEL, TLATRFUEFE-T) IRER
BA—RIFVAITENT, R, BB RE AR TLEFEST BBRSMEN KSR
BT —2EINET 5, RBAI+— IR —Z LT BRI, BRERRERTE, HRksnE
DEYBMILTEODBRICHBLERATES, BREAHRBRTE BB ——DHREER
DRABENTED. HOIWNEIFLARV/FICHLWNIRY/A—RF)A  BELWLWEH T TOME
A.BEO1I—Y—BEHICKIER. HOIWNENL—=UF EORZLMHRE . FiRAEN TH
FEICLE-BAMGABIZOBRERZRAETHIENTES,

During formative evaluation, the simulated-use testing methods can be tailored to suit your
needs for collecting preliminary data. Data can be obtained by observing participants
interacting with the device and interviewing them. Automated data capture can also be used
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if interactions of interest are subtle, complex, or occur rapidly, making them difficult to
observe. The participants can be asked questions or encouraged to “think aloud” while they
use the device. They should be interviewed after using the device to obtain their
perspectives on device use, particularly related to any use problems that occurred, such as
obvious use error. The observation data collection can also include any instances of
observed hesitation or apparent confusion, can pause to discuss problems when they arise,
or include other data collection methods that might be helpful to inform the design of a
specific device user interface.

BBREHES ., FHET —2RED_—XITELE T RRERARRAEZEERDIEMNATHET
H5. SMELHBOBEEREHERTHEICKY. ZLTSMEICAUFE1—TF BT &Ik
Y, T—RE/DIENTEDS, BT —2FYTFr—I(E. dRDOHEEEREZHET DM EHL
IRZICEEWD. BEHLIVEESETELTVSIGEICHWSIENTESD, SMEICIL, L
FALTWWARICEBZLRY., LT REFEREZ 1THLELTEHEL . SMEIL, FIZHLA
TRERADOLGE. REL-HoLHERALORBEICEET HHBFERICOVT, WoD RFES
B8 BBRERRICAUAEA—ZT5IL BIRT —2DIREIZIE, 12O PRI G R%
BEDEFZEEDTHLE, ZUTRIENED S EE BT 51O, T—2REZHHLTE
KUV HLLKITHEDHEBR A F— T — R DORRE R DICEILDFAIREHED HAHMD T —
BUEFEEEHTLELY,

7. Elimination or Reduction of Use-Related Hazards

{it F BEE N Y — N OFEBR E 72 13K

Use-related device hazards should be identified through preliminary analyses and
evaluations (Section 6). When identified, these hazards should be, to the extent possible,
controlled through elimination of the hazard (designed out), reduction in likelihood or
reduction in the severity of the resulting harm prior to initiating the human factors
validation test.

HEBRFERABENT L FHEOETSLUFTMEEIESR)ZEBL CHEICT 528, BAREICLS
b AN IZFEN)T—2a B OBERTIICTESRY . GRETONT—FOHR. REEED
BiF. HANEEIYSDBEDERSOERMEEL T, \YF—FEEET DL,

Use-related hazards are addressed by applying risk management strategies. Often, any given
strategy may be only partially effective and multiple strategies may be necessary to address

each use-related hazard. ANSI/AAMI/ISO 14971 lists the following risk management
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options in order of preference and effectiveness:

FERARENY—RIE VRIIRDAVMNREERT HETHET %, LIELIE, —EDRET
(F. BAMLEHNRLNMEONLGWNEELNH D, TLTEFERABEENT—FICHLT 576, B
DR FENDBEIZIRBHIEMNSH D, ANSI/AAMI/ISO 14971(F. iBEIEEBNMEDIET. UTDLS
BIRYIRDAVMA T30 %) AMIL TV,

1. Inherent safety by design — For example: 3%EHIC &L 2 [EAG 22— 62 2 g

* Use specific connectors that cannot be connected to the wrong component.

(EE S IR R T E RV ED 2 2 7 X — T 5|

* Remove features that can be mistakenly selected or eliminate an interaction when it
could lead to use error.

TROTCBRZEZSED L T I VRS EIGRMEMN 25 S 29
REVED & DM AAEM 2 HEERT 5 .

* Improve the detectability or readability of controls, labels, and displays.

S, TN B LT 4 AT VA DRSTRT S R THmAT S 2 m L
ERAN

» Automate device functions that are prone to use error when users perform the task
manually.

AP NFETH A7 2179 L &2, BMEAZE Z LT WG OEZ H
kv 2,

2. Protective measures in the medical device itself or in the manufacturing process — For
example: [EFHESE E AR E 7213 8E 7 0 & 2T ARERE — Bl 25
* Incorporate safety mechanisms such as physical safety guards, shielded elements, or
software or hardware interlocks.
B Te R R T— R, MigE S, YT R TN R 2T O X -1y
77 REMDT- DDA I = X N EFAIIATe,
* Include warning screens to advise the user of essential conditions that should exist prior
to proceeding with device use, such as specific data entry.
RN 2D DA, HEOT —F AN E | BELRFNEZ 2 —F—I2mb
WL ODEERREEZD D,
* Use alerts for hazardous conditions, such as a “low battery” alert when an unexpected
loss of the device’s operation could cause harm or death.
RO TH L 2V EEORE N EERHCICORDN D56, Ny T U —fkiE
Wl el o, fEBRIREBIZOWTOBEE 2T 5,

* Use device technologies that require less maintenance or are “maintenance free.”
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KDV A T T U RETAIA T T AT Y — TR AR 2
50

3. Information for safety — For example: ZZ4=MEIZBI3 2 1 — B &2 2T g
* Provide written information, such as warning or caution statements in the user manual
that highlight and clearly discuss the use-related hazard.
cL— P =2 TV TOBEEICCERE R L HHBEANT— N2F L, B
MelZIR 5, CFERE i 2,

 Train users to avoid the use error.

SRR R B T2 0 D — P —

Design modifications to the device and its user interface are generally the most effective
means for eliminating or reducing use-related hazards. If design modifications are not
possible or not practical, it might be possible to implement protective measures, such as
reducing the risk of running out of battery power by adding a “low battery” alert to the
device or using batteries with a longer charge life. Device labeling (including the
instructions for use) and training, if designed adequately, can support users to use devices
more safely and effectively and are important HFE/UE strategies to address device use
hazards. These strategies are not the most preferred, though, because they rely on the user to
remember or refer back to the information, labeling might be unavailable during use, and
knowledge gained through training can decay over time. Nonetheless, unless a device
design modification can completely remove the possibility of a use error, the labeling and
training (if applicable) should also be modified to address the hazard: if no other options are
available, users should at least be given sufficient information to understand and avoid the
hazard.

FERARENT—FEHRFELITERT 5012 BRBSLUHSFEL—T (23— T — XD
FHEEETHILEF. —BRAUICTRINBHGR K THS, REHEEN T AIREFFTREM TR
HEBBRICTN\YTY—RENDILGNIEVSIBEEFEZMAMLT, VT —UNIZGEIRIEE
BT 5. HAINIFMHBRWN YT —ZANSLGEDFHIEEEZRYANSIENTREIZLS
EDBHD, LR D BEUGS L MBEDIANY T EIRGAEZET)PHFICL>TIE, 21—
P—FLYREBICTHNELEREERT HIENTREICGY . #BROFERNY—FIIHLT 57
HDEEGHFE/UERIZHES, EHNIALDOREKRIE. REFFENDI LD TII LW, LELES, 1—
H—DRELHEOMNHRAELREZLIIESELIZYTHILEEKEL. FRADPISIRYDTIEF
ATELOAREENH YL, TLTHEZEL TH-AEE. BREEKISERTIKIELH SN
BT, EIFVA HLEBRORIEEICIYRERDOAREMEZRELICHAGLDLES, ST
PHEBEZETIEEINBLE LN —RIZH LT H-DBETEINETH L I EIRERH G
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WD N —FZEEL, BE#T 500+ EHRELI——ITRBT HRETHS.

Regardless of the risk management strategies used, they should be tested to ensure that use-
related hazards were successfully addressed and new hazards were not introduced.
EDVRIIRDAVRREFEIMNIHDET | MEETo-IET BEIC, FEHEENY—FA
LI LN —RFECEN1=ZLZ N D D=0 REEFITOIT L,

8. Human Factors Validation Testing

ANBLZEANY T —v a VAR
Human factors validation testings is conducted to demonstrate that the device can be used
by the intended users without serious use errors or problems, for the intended uses and
under the expected use conditions. The testing should be comprehensive in scope,
adequately sensitive to capture use errors caused by the design of the user interface, and
should be performed such that the results can be generalized to actual use.
AEIEN)T—2aVHBOERBEMIE. BEMBEOERT 51— —(CKAFERITHEL
T ERBEMICHL, F-FPREINLERAEH T CTRLUGRFERFEIBENFKELLERERA
TEHILETHD ARRIEEFEICEREL, 21— —(02—Tx—REFISERT HREAER
MTELREZEL. AREREEFEAICRRTESLIICERT S5 &,

The human factors validation testing should be designed as follows:
AN LAY F =2 a VRBRIZLTO L S RT A &5 &
* The test participants represent the intended (actual) users of the device.
RRSINE DY O BT D (FRD) 2—F—2RERL TN D,
* All critical tasks are performed during the test.
ETCOEES A7 RIS FE T 5,
* The device user interface represents the final design.
WD 2= — AV H—T = — AT ORF TH B,
* The test conditions are sufficiently realistic to represent actual conditions of use.

IR R Sl 2 T B BIENR b O Th 5,

For the device to be considered to be optimized with respect to use safety and effectiveness,
the human factors validation testing should be sufficiently sensitive to capture use-related
problems resulting from user interface design inadequacies, whether or not the users are
aware of having made use errors. Furthermore, the human factors validation test results
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should show no use errors or problems that could result in serious harm and that could be
eliminated or reduced through modification of the design of the user interface, using one or
more of the measures listed in Section 7.
FRAOREHEAMNEDE TORBILERA T AERBIITOIABIZENYT—aV R T
(F. —HF—HDRFEALEZILIZRIVTLSHEMN I DHET . —HF—(UF—T1—XD
Ao ETHICERE T 5FEFARBEREE TR TESI L, SHICARIZEN)T—23Y
HBROBRET. EXGRETZL-0TAIREULNHIN. A —F—( U 2—T1—XDFREFEET
BERRFE BRI RE AR E A E L ERA L ORBED. FBTIRICEIFH1 DL EDHBEDEREIC
KYBHSNDIEEZTT T,

The realism and completeness of the human factors validation testing should support
generalization of the results to demonstrate the device’s use safety and effectiveness in
actual use. The test protocol should include discussion of the critical tasks (identified based
on the potential for serious harm caused by use error; see Section 6.1) and the methods used
to collect data on the test participants’ performance and subjective assessment of all critical
tasks. The results of the testing should facilitate analysis of the root causes of use errors or
problems found during the testing.

ANBIZN)T—2aViRBRIE YT URLEELUERETHILT, TORBRERE—MRIELT D
CENTE UEBBEOEALOREMEENEEEFERICBVTARATES L ABRTAka
VIZIFEESRY GRERICERT 2EXRGEEDOFKLEDAREMLETIZHAI, 6.1IESR)IZD
WTOBRE RBREMEBEDRENE LUV ETOEELIR VIOV TO ERMETMEICET 57—
BREFEEEHLHE BRBRICKY. RERAFLEIEBRFICRBEL-MEOCERBHNE
B0 HTE,

Human factors validation testing is generally conducted under conditions of simulated use,
but when necessary, human factors data can also be collected under conditions of actual use
or as part of a clinical study (see Section 8.3). You should perform human factors validation
testing under conditions of actual use when simulated-use test methods are inadequate to
evaluate users’ interactions with the device. This determination should be based on the
results of your preliminary analyses (see Section 6).

ABIZENT =23V AR IEBEE IR LEREHICTTOIN REICISCTABIZET 4%
EFEAOEHT. HAWIEHRKRABRD—MELTIESNLIGENHS (8IBESH) , 1 —H—
LRBOMEEREZTHEY AIH-Y. ZRERFSBROAENT RIS EIE. ZERAEHET
TABIEN)T—2a ViR BREERTHIE, TOHIME T HIOBIOBRETICTIIL
(F6IESHR)
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FDA encourages manufacturers to submit a draft of the human factors testing protocol prior
to conducting the test so we can ensure that the methods you plan to use will be acceptable.
The premarket mechanism for this is a Pre-submission (see Requests for 22 Feedback on
Medical Device Submissions: The Pre-Submission Program and Meetings with FDA Staff).
FDAIZEEEEICRL. ABREEANICABIZHBRORSIMROTOMILER
HEHRELTWS, TNICKYERAFEDRBRAENHFELANIVICHLDFDANHER TEEHN D
THd. COGZEDHRATBEFBETL Y IIV a3 THL ((EERKIRBEICOLNTD220 71—
FISwOER:TLH T2y arTAT S LEFDARAY I EDI—T4UT 1BROIL)

8 Human factors validation testing is sometimes referred to as “summative usability testing.” However,
summative usability testing can be defined differently and some definitions omit essential components of
human factors validation testing as described in this guidance document. AR IZ/N\JF— 3 ER
(F. BFICTREBHI——EVTATAMNEREFIN DI LB H D LALRBHI—F—EY T4 T AN
FELGDIEBNMEDONDZEDHY . TOEETIEARNTAFTVANETHRDLSIGEARBIEN)T
—LAVEBROERELGERZERILTNS,

8.1 Simulated-Use Human Factors Validation Testing
BREFEA TOABITEANY F—v g VAR

The conditions under which simulated-use testing is conducted should be sufficiently
realistic so that the results of the testing are generalizable to actual use. The need for realism
is therefore driven by the analysis of risks related to the device’s specific intended use,
users, use environments, and the device user interface. To the extent that environmental
factors might affect users’ interactions with elements of the device user interface, they
should be incorporated into the simulated use environment (e.g., dim lighting, multiple
alarm conditions, distractions, and multi-tasking).

BERFERARREERT IFHE. TOBRZEFRICRRT DI+ LHEEREZHFU TS
C&o FOTITIRLDRLEMIL, RO EBARNGERBMN., 11— — HRRE. SLUKSS
DA—HF—AF—Tz—REED) RV A IV EIFEINS, REMZERN 1 —F — L3R
DA—HF—AV3—T1—RBREOHMEERICEEZRIFTAREMELHIENIEEERD
L NG IEBRERRBICHAATNETH S (B BREVREA, EET7S5—LEH. EFH%E
BE5ED. JILFERXUY),

During simulated-use human factors validation testing, test participants should be given an
opportunity to use the device as independently and naturally as possible, without
interference or influence from the test facilitator or moderator. Use of the “think aloud”
technique (in which test participants are asked to vocalize what they are thinking while they
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use the device), although perhaps useful in formative evaluation, is not acceptable in human
factors validation testing because it does not reflect actual use behavior. If users would have
access to the labeling in actual use, it should be available in the test; however, the
participants should be allowed to use it as they choose and should not be instructed to use it.
Participants may be asked to evaluate the labeling as part of the test, but this evaluation
should be done separately, after the simulated-use testing is completed. If the users would
have access to a telephone help line, it may be provided in the test but it should be as
realistic as possible; e.g., the telephone assistant should not be in the room and should not
guide the users through the specific test tasks.
EEERTO AR IEN)T—2a B E, HBRSMEFICIE AL RY LR ZEIMT
N OBERIRETHERATIREREEA. RENODTHOEELZTLENLIICTEHIE F
FERE L “think aloud” ;& (CHIEHEBRS MBI HBFERAPICEATNSILERETHLIKRD
530) DFERIK. BEREHEICSLTEEE M LAGLD, EROFERICEIT51TEZ KR
LW O ABIEN)T—2a B TIEROLL RERICEVLTI—H AR~
DT VAN FRETHAHEL-D RERP THRIARIREL T NETH D, LHL. ABRSMELE
RALEWEESDTHNIXERZHFAIT RSN, ERZIERLTIESEN, MBS mEFICE
HEO—EELTIR) VY DFHBZ AR THLUAY, Z O (FAEHRE AR ERR T &IZ@E 5B
DFHBEELTITSZ L A—F—DBEANILTTRIICT VERARETHLHELT=S, HEETHIR
HLTELD, ATRELRRYIRELIAVEDICT S L, FIZAIEBET7 LRIV MIHRBRETSHE
[CWTIEESHEWLL BEDIRIIZDODNTA—HF —IZH A F U RETo>TIFESRLY,

8.1.1 Test Participants (Subjects) REBRSINE (HRBRE)

The most important consideration for test participants in human factors validation testing is
that they represent the population of intended users.
ABIZEN)T—2a RSB T ARBREMEB IOV TERE I REREERAF. ERT 5
—H—ZHKRTEBEHICT HENITETHD,

The number of test participants involved in human factors validation depends on the
purpose of the test. For human factors validation, sample size is best determined from the
results of the preliminary analyses and evaluations. Manufacturers should make their own
determinations of the necessary number of test participants but, in general, the minimum
number of participants should be 15. Note that the recommended minimum number of
participants could be higher for specific device types. (See Appendix B for a discussion of
sample size considerations.)

ABIZN)T—2aVilBA0SMERT. HBROBMICEYRFES, ABRIZENT—3
VIZBLWT.REDYUTILVBDOREL., FIHRMBTSSVTHEOERETICLIZIGEICHATEE
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THd. BEFRBIMBICREGHBRSMEBBERE T ANEEN, RIEROSMERILERE L
158E9 5, 2L HEDEEDOHEBFICOVTIE, RIEHED L2005, ((FEXEB Y
TIVEREICETSERESROIL)

If the device has more than one distinct population of users, then the validation testing
should include at least 15 participants from each user population. The FDA views user
populations as distinct when their characteristics would likely affect their interactions with
the device or when the tasks they perform on the device would be different. For example,
some devices will have users in different age categories (pediatric, adolescent, adult, or
geriatric) or users in different professional categories (e.g., health care provider, lay user);
other devices will have users with different roles (e.g., installers, healthcare providers with
unique specialties, or maintenance personnel).
LEMBI2DOULDELGLZ AT —DOBEANHIGEICIE. N T—aviHBROBEE
HIFRIETEI5BETHIE FDARI—F—DBEMZELGLHEHETHD(E. TOHMEN
—H— B EOHEEERICEELEZLMEEMENTNVEE . HHVIIHBTERT H2RY
NELDZEETHD. BIZIE. HEIMBOI—F—ILELLIEHE (N FELE. RAFIE
ZNHHNT. BGLIBERE Bl ERREEE. — 21— —) TSN, JIOKBETELD
BEZEZHF O AV —EBTERIND (B FEAHELE FETEMASHFOERMES ., F(TA
UTTFUORRAYT)

The human factors validation test participants should be representative of the range of
characteristics within their user group. The homogeneity or heterogeneity of user groups
can be difficult to establish precisely but you should include test participants that reflect the
actual user population to the extent possible. If intended users include a pediatric
population, the testing should include a group of representative pediatric users; when a
device is intended to be used by both pediatric and adult users, FDA views these as distinct
populations. Likewise, if a device is intended to be used by both professional healthcare
providers and lay users, FDA views these as distinct user populations. In many cases, the
identification of distinct user groups should be determined through the preliminary analyses
and evaluations (Section 6). For instance, if different user groups will perform different
tasks or will have different knowledge, experience or expertise that could affect their
interactions with elements of the user interface and therefore have different potential for use
error, then these users should be separated into distinct user populations (each represented
by at least 15 test participants) for the purpose of validation testing. The ways in which
users differ from one aner are unlimited, so you should focus on user characteristics that
could have a particular influence on their interactions with elements of the device user
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interface, such as age, education or literacy level, sensory or physical impairments or
occupational specialty.

ANBIZN)T—2a VB0 MEE. TO1—F—SEHO P TOHFHERRL TS
Lo A —SFADOHEUFITEERZRILTIOEEHEN LG, KBRS MEIZE
AREGRYEREO I —F—KHE KRBT IAMEESHEHIE, BT 51— —ITMNEEREMN
BFENLBEE NROI—HF—ERKITIEHAZEHDTHRREERTLHL, Thbb. HD
BEOFEAZ/NRELI—Y—LHAI—F—OmAICERLTWSIGEE . FDATIXChOEELS
BEMEERD, RAKIC. HEBBOERAEZEMNLGCERRESE SEEMNLGE—K1I—TF—0
mMAICEELTWSIEE . FDATIECNOZELLBERLEERZ S, 2<DIHFE. EL4H51—F—
M T F RGBT EFHBICE > TRET RNETH S (FE6IH) . flZ (. BL4S51—F—KHN
BRDARVEERT HIGE. HANEL—F A 3—Tx—RDBERLEOHEERICEHE
RIFT RN H D BIEDHHH . BER. EPIEIFE . TO-OELGLREADOAREENE
AbNBEE . N\UT—aVvEBROBHDEHIZIE. ChoD 11— —2E24551—V—5%H
ELTRY A THZE, BA—F—DHEWVDEDKSICELINEVIRIZEBDOLENLYNHD
2O BBEODI—HF—AL3—T1—REA—F—DHEEERICHFEDEEZRIFTT AIREMEA
HEL—F—DHH. BIRIXER. BELANIVELITE TN, MEFIEEARMES. H50
FEELDOEMGICERZTETLIL,

If the device is intended to treat patients who have a medical condition that can cause them
to have functional limitations, people with a representative range of those limitations should
be considered during preliminary evaluations and included as representative users in the
human factors validation testing. For example, people who use diabetes management
devices might have retinopathy or neuropathy caused by diabetes. If you choose not to
design your device to accommodate the needs of people with functional limitations who
would otherwise be likely to use your device, your labeling should clearly explain the
capabilities users need to have to use the device safely and effectively.
LEZMBOERTHIRNREBEDN ., HENFIRZL-0T AIREHEDHLIEFHIREIZHLIHE.
NoDEHEDHBERKRT HDAREFHIFTFMONREZEZ . AMITZENT—2a iR
DREREL—T—ICEH D E BIAL, BIRFOEED-ODHEBEERTIANRIE,
RBENREDRIRIEF = (T HIEEFTE B> TUODAIREENH D, HEEMIFIRZF DAL $
LZDHIBRMDZEFNIE LR EEIAREELNHLBEE. TOANRD=—XITHHET SR
HETHLELDOBYTHNIEL, BEZEBDIN) VT CIEZOMBEREN DAEMICERT 1
OITWHELZI—H—DRENIZ DOV THET ST,

Note, to minimize potential bias introduced into your validation testing, your employees
should not serve as test participants in human factors validation testing except in rare cases
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when all users necessarily are employees of the manufacturer (e.g., specialized service
personnel).

BL. NUT—2a i BRICHAAL AREME D H DB EMLE/NAT RAERKIERIZINZ 57612
X, BHOREELHRBSMEICHANDIRNETIILGLDA, 2 TOA—HF—HEEEEORE
BETHHEVSWGETr—RIFXZDRY THL (i BB Y —E R R ZY7T)

For the results of the human factors validation testing to demonstrate safe and effective use
by users in the United States, the participants in the testing should reside in the US. Studies
performed in other countries or with non-US residents may be affected (positively or
negatively) by different clinical practices that exist in other countries, different units of
measure used, language differences that change the way labeling and training are
understood, etc. Exceptions to this policy will be considered on a case-by-case basis and
will be based on a sound rationale that considers the relevant differences from conditions in
the US. In addition to the user interface of the device, the labeling and training should
correspond exactly to that which would be used for the device if marketed in the US.
AEIZEN)T—2a BB OBRICEYRERNDOI—F—ICLEEANREN DAY THS
LREAT 510 BB MBI LRKEEETE LT S L MMETERLEY . KERETFELIMNIE
FELT-EERIE. (BB BEICLICERLGHER. RUSEEHEHEM. SNV T OHEDEMRE
EIZEEIT ISR LOEERDEELZTLFARMENH D, COFHADHNDOREAET—R
NA7—REL. REBRTOBEET X HDHREEZE R T DICRLITHLERNETITKRET 5,
BREOI—HF—AUF—Tx—REZFTTHEL TRV T EHB L #BFERKETRET H5EIC
FRATEIFENDLDEEREICT—BIEDHIL,

8.1.2 Tasks and Use Scenarios

BRI Ea—RF VA
The human factors validation testing should include all critical tasks identified in the
preliminary analyses and evaluations. Tasks that logically occur in sequence when using the
device (e.g., when performing device set-up, data entry or calibration) can be grouped into
use scenarios, which should be described in the test protocol. Use scenarios in the testing
should include all necessary tasks and should be organized in a logical order to represent a
natural workflow. Devices associated with a very large number of critical tasks might need
to be assessed in more than one human factors validation test session (e.g., with the same
participants or different participants who are representative of the same user population).
Prior to testing, you should define user performance that represents success for each task.
ABIZZENYT—2a R, FRMETETMTHBALLERELGIRIELTEDHDH L,
BB OFEAR (B RO EIYNTYT | T—2A N FIERER) ISREBMERNICETH
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The test protocol should also provide a rationale for the extent of device use and the number
of times that participants will use the device. For example, for devices like over-the-counter
automatic external defibrillators (AEDSs), only one use session should be conducted since
additional attempts would be irrelevant in an actual use setting. For devices that are used
frequently and have a learning curve that requires repeated use to establish reasonable
proficiency, allowing the participant to use the device multiple times during a test session
might be appropriate (but performance and interview data should be collected for each use).
For other devices, typical use might involve repeated performance of critical tasks and so
multiple performances of those tasks should be included in the test protocol.

AEBETOrL THHRERADOEHE LRSS MEORBFEALBORIERT L IR, H
Bz (OTC) M B ENAS X ERHEEN 1 (AEDs) D KOG ERIC DN TIL, BN AN EFE A EIELEEE
Mg —EIRYDERET AL EHEIDERNLET, BRTH-HITHRYRLER
DHELHAHFEHBREA T HHEICOVTIE, HBRPIZSMEBICHBLA RN ELELAN
BWEELHD, BL. BRI/ TH—IURT—REAVAEA—T—R(EBBTHIL)

Critical tasks or use scenarios involving critical tasks that have a low frequency of
occurrence require careful consideration and those tasks should be included in the testing as
appropriate to the risk severity. Rare or unusual use scenarios for which use errors could
cause serious harm are an important consideration for testing safe and effective medical
device use. Infrequent but hazardous use scenarios can be difficult to identify, which
underscores the necessity for careful application of the preliminary analyses and
evaluations.
BEREIRVERREEHENMEVERLIRVZEC I — AV FTUAICIFEEGREADPDLETH
Y. INoDFRVEVRIDERSITELTHERICED AL, REANEXRGRAELSIEEIL
MRGVWRLEI—RFIF (. EEBEBEOREN DAMLGFERAEZHRI I LTEELRSE
IHTHAD, REITEILLBVAERIGEI—RXSFIFEHBIT 2D IEREN LGNS, Th
[CEOTF BB LT MOBEZLERADLEMEMNEREND,
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8.1.3 Instructions for Use E{&iiBE

The design of the device labeling can be studied in formative evaluation, but the labeling
used in the human factors validation testing should represent the final designs. This applies
to the labels on the device and any device accessories, information presented on the device
display, the device packaging and package labels, instructions for use, user manuals,
package inserts, and quick-start guides.

WRDOIN) T DEETHER B REHE TR RIEAY . AR TEN\) T —2a R TERY
BN VT ERERDEFFERBRLI-LDTHAHC L, CNIFHFROHBOH LD HIFELAIC
BRAFENT-SRNIL  BDTA AT LA LICRRENDIER. BB ORI OBASA)L . ik
BHE. 1—H—<Za7 L RAXE. VMV IRE— HIFIZHEET S,

The human factors validation testing can indirectly serve to assess the adequacy of the
instructions for use for the device, but only in the context of use of the device, including the
participants’ understanding or “knowledge” regarding critical issues of use. The goal is to
determine the extent to which the instructions for use support the users’ safe and effective
use of the device. If the device labeling is inadequate, it will be evidenced by participant
performance or subjective feedback. If the results of human factors validation testing
include use errors on critical tasks or participant feedback indicating difficulty with critical
tasks, stating in a premarket submission that you mitigated the risks by modifying the
instructions for use or some other element of labeling is not acceptable unless you provide
additional test data demonstrating that the modified elements were effective in reducing the
risks to acceptable levels.

ABIZZENT—2a AR IEEENTEH S0, HEEFDOEIRERBAENET)MNE SH D FFE I
BY1F5. LALENEFERALOEELGRMEICET 525 MEONRFE N IFIETHBEILED T,
BEOHERELSIRDATOFHETHS, TDEEE. IKFAEN LI —F—DRETHEYL
WRERZEDEEXIETOINDHETHD, MBOINVITHBR+HEHE . SMED/N
TA—I U RFERIFEBILGE T —R N\ IIZE>TENDEEASN S, AR ITEN)T—2308
BOBRN. EELGIRVDRFERAFEEZIRIDERITHARB =L MENSDT
1—FNR\VOEELHEE IRGRAEF ISRV T DZOMDBERDBEICKYVIRIEE
BLI-EMRATEREEICRE T O LITHFBINGND BERS NI RIEHBLNILETER
TERIEERTEMDOREBRT —2ERET DGR L DRY THLY,

8.1.4 Participant Training

BINEDOHEE

The design and extent of the training that needs to be provided to users can also be studied
in formative evaluation, but the training provided to the human factors validation test
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participants should approximate the training that actual users would receive. If you
anticipate that most or all users would receive minimal or no training, then the test
participants in the human factors validation test should not be trained. If the results of
human factors validation testing include use errors on critical tasks or subjective responses
indicating difficulty with critical tasks, stating in a premarket submission your intention to
mitigate the risks by providing “additional training” is not acceptable unless you provide
additional data that demonstrates that it would be effective in reducing the risks to
acceptable levels.

A—H—ITHLTHT IR ELNHEEBE DT /2 LEHEL R BRIEHEIC THRET A AT REFZAY. A
RN T—23 HBROSMEICTIRE EERICA—F—HZTEHELIZERCTH
2E REDOHHINVEFETHOI—HF—DR/NROBELMNZITHEL, HBHNEELZTENK
AABEINDGEF. ABITEN)T—2aVRBBROSMEICLHB FTHENIE, AT
ZN)T—LaVRBRORBRICEEIRVDRFERFLEEIRIADELEEZ R THNG
EENEFENDGEIL. MRATREOXEICHEMDHEBEIZEET H_ETIRIEZERT S
FETHAIELBT D EFHBRTEGULN, ENTYRIZHBLANLETERBTEDILE T
TEMDT—2ERET HIEETZDRY THLY,

To the extent practicable, the content, format, and method of delivery of training given to
test participants should be comparable to the training that actual users would receive. A
human factors validation test conducted after participants have been trained differently than
they would be in actual use is not valid. Because retention of training decays over time,
testing should not occur immediately following training; some period of time should elapse.
In some cases, giving the participants a break of an hour (e.g., a “lunch break™) is
acceptable; in other cases, a gap of one or more days would be appropriate, particularly if it
is necessary to evaluate training decay as a source of use-related risk. For some types of
devices used in non-clinical environments (e.g., the home), it might be reasonable to allow
the participants to take the instructions for use home with them after the training session to
review as they choose before the test session. The test protocol should describe the training
provided for the testing, including the content and delivery modes and the length of time
that elapsed prior to testing.

EHEFRELEE T, BBRSMEAERTEHEOANS. 7T+—IvbB LUV AEE, EFD1—
PRI EBELRFETHAI L, EFATOHRBLELLIEEELSMEICERRIC. ABI
ZN)T—2aViRBRETIC LA BN THS, HERNBRFFOZBELICTEAONS-O. &
BREBEDERICTHT . HABREDOHMEE (T TITIC L ZEICL T, 1FEDKEES
MEBIZEHFRAILTHEL (B BRERE) , £ 1 BFEIETA U L OREEARZR T LD 4
[CHEDAHNBREENAHIENERARBED) RVDREMNESMNFHET HIGEICILEITHS, I
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BEEFEFCORBIMLELEERETHIL,

8.1.5 Data Collection F— % N4

The human factors validation test protocol should specify the types of data that will be
collected in the test. Some data is best collected through observation; for example,
successful completion of or outcome from critical tasks should be measured by observation
rather than relying solely on participant opinions. Although measuring the time it takes
participants to conduct a specific task might be helpful for purposes such as comparing the
ease of use of different device models, performance time is only considered to be a
meaningful measure of successful performance of critical tasks if the speed of device use is
clinically relevant (e.g., use of an automated external defibrillator). Timing of tasks that
have not been defined in advance as being time-critical should not be included in human
factors validation testing. Some important aspects of use cannot be assessed through task
performance and instead require direct questioning of the participant to ascertain their
understanding of essential information. Observational and knowledge task data should be
supplemented with subjective data collected through interviews with the participants after
the use scenarios are completed.

ANBIZENYT—2aviRBoTora)jLicid, ABRPICIRET 5T —20EEEHGLETLHIL,
T—RZEoTE BREFDODNENRRELGDIGEENH D, HIAIE. EEIRVZMELGETL
FCEREEFIRINLDHERIE. SMENSDERZ(FICESID TIHLL, BRICKYAET S
CEBMENFEDHRVICELFKEZRAET S LIE, BLEHMEBOMIBOENDTEE
T HENSBRICDWTIERICIZIOMBLNGND BERERDRE—RFAERKRIZENT
BENHAHEHE (B BEANKXREBEDOER) . RTICELE-RKEIEZEIRIDEITORK
WEZHLLETOH . ERDHLIFERIZEEZD, REETETHEVSEATEAICERDITA
SNBWIRIDAALZIVTIZDONTIE, AR ITENYT—2 3 HRICEDLRNIE FRLD
BELGREODIZIE. RRINTH—T UV RIZLH>TEHETELGVED L HY . TORHYIZF T
RIGERICOVTOSMEDEEEEZO-OICEERERTHI LA DELLED, RT3
ERFARIT—RIZIF A—RF VA DEELIZR T, SMEITT oA 3E2—THEHT=
FEHROGT—REMIE,

8.1.5.1 Observational Data #2257 —#
The human factors validation testing should include observations of participants’

performance of all the critical use scenarios (which include all the critical tasks). The test
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protocol should describe in advance how test participant use errors and other meaningful
use problems were defined, identified, recorded and reported. The protocol should also be
designed such that previously unanticipated use errors will be observed and recorded and
included in the follow-up interviews with the participants.

ABIZZENYT =30 RRIZIE. @ TOEELGI—XADFIA (ZNICIELETOEEIRIMN
BFEND) TOEMED/NTF+—IVADHBEEHH_E, ABETOMILICE, HEBESHED
REALTOMOEELGFER LOMELVLMNIESR. FIF. k. WESNE=EHLMNLEH
RET DL, IHITTOPILERETIE. BRICF RSN EIN SR FERAEBRE S LU EEEHEL.
EMEBEDTIAO—TFVvTABE1—ITEHDE,

Observational data recorded during the testing should include use problems, and most
importantly use errors, such as a test participant failing the task of priming an intravenous
line without disconnecting the line from the simulated “patient” or not finding a vital
control on the user interface when it is required for successful task performance.
HERPICEFRIN-BRT I FRLOMES. REELGLDELTRERZEDHLH L,
BIZ LSRR MEBEB LIRS A EIaL—2ar EDTBFEINGHETITTSMIVTI2REL
mE . HEIWNIZRINTH—IVRADEFBD=OIZBHEGZN(F)LIAVbA—)LAY 2—H—
AA—TI—RETROITONGWNVGEEEZEDHDHI L,

“Close calls” are instances in which a user has difficulty or makes a use error that could
result in harm, but the user takes an action to “recover” and prevents the harm from
occurring. Close calls should be recorded when they are observed and discussed with the
test participants after they have completed all the use scenarios. In addition, repeated
attempts to complete a task and apparent confusion could indicate potential use error and
therefore should also be collected as observational data and discussed during the interviews
with test participants.

revynwbield, a—F—AREERECTY . BEIC OGN DLIGRERALIEFIC. T5—%
MEHEHLE Y. AREORELZHSTHERSENTH L, EVIN\VNEHIARONT-IHE
FZENZEEHEL. ETOI—RIFIVAER OO EERICHBRESMELETNIZDOVTELESS
Lo EBITIDDERIVER DL E LOEMELEAY  ALMTRELL TLSIE S, 3RER
DBAEMGAREEATRIN TS BIRT—R2ELTIREL., HBESMBFLDAVPEL—T
ENIZDONTELESCE,

8.1.5.2 Knowledge Task Data #1k& X 7 5 —#
Many critical tasks are readily evaluated through simulated-use techniques and use errors

are directly observable, enabling user performance to be assessed through observation
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during simulated use testing. However, other critical tasks cannot be evaluated this way
because they involve users’ understanding of information, which is difficult to ascertain by
observing user behavior. For instance, users might need to understand critical
contraindication and warning information. Lay users might need to understand a device’s
vulnerabilities to specific environmental hazards, the potential harm resulting from taking
shortcuts or reusing disposable components, or the need to periodically perform
maintenance on the device or its accessories. It might be vital for a healthcare provider to
know that a device should never be used in an oxygen-rich environment but testing under
conditions of simulated use would be difficult since establishing that the test environment
was oxygen-rich during the testing and then asking users to use the device and observing
their behavior would likely not produce meaningful results.
BEEARIDZLIIEFRFERDFEICKYRSZITFHEARIEETHY . SREAIXEIEER A ATEE
HOT, BERERRBPOBRRICKYI—F—/N\Tr—I U REZFmT HEMNTES, LHL.,
ZTNUNDEBEIRVIEZD&SGFETIEFHEN TELGL, ZRIEI—F—DIFERICK T L
BHBERT BT, A —F—DITBHEERT ST TIEIRBONRETH S, FIZIE. 12—
—IEELGERBEROESHEREER T ILENH D, FEMARI—F—IL. HEOKBFOHTE
DERBNY—FRICHT DR, IFEEZTHIETRIVSDBEIZDONT, HDHWL I EHERE:
FZDHERDERNRTFEREODBDEMEICOVTEFELETNIELGSEGELH D EEK
EEBITEOTAAIREBDONSLIE, B EZBRFIRENBVRIETHEALTIGSENEND
BN BRERAEGT CTREBRREEN NSV RRIRREZEYH I CEAR#ETHS-D, 1—
Y- R EERALROTHERE T AL TRHBEERGRREEZFEONGEAS,

The user interface components involved in knowledge tasks are usually the user manual,
quick start guide, labeling on the device itself, and training. The user perceives and
processes the information provided and if these components are well designed, this
information becomes part of the user’s “knowledge.” This knowledge can be tested by
questioning the test participants. The questions should be open-ended and worded neutrally.
MEBARIIZEDDLI—F—(E—DJx—R-aVviRk—xUhelE, ECA—HF—IZa7IL.
AV RAE— AR EFRBRICEFINIRNI VT ELUVHEETHD, 1 —F—F 526N T
BHREMELLELT, ChoDIVR—RUMDEREIIFEATo>TLNIE, ZDFERIEI—
—DIHFEID—E LGS, COMBMEHBRSMEBICEMEITILTRERTES, ERITBEHME
ERREL, PIMGEVEILET DL,

8.1.5.3 Interview Data f > # o2 —F5 —4#

The observation of participant performance of the test tasks and assessment of their
understanding of essential information (if applicable) should be followed by a debriefing
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interview. Interviews enable the test facilitator to collect the users’ perspectives, which can
complement task performance observations but cannot be used in lieu of them. The two data
collection methods generate different types of information, which might reinforce each
other, such as when the interview data confirm the test facilitator’s observations. At other
times, the two sources of information might conflict, such as when the participant’s reported
reasons for observed actions are different from the reasons presumed by the observer. For
instance, the user might have made several use errors but when interviewed might have no
complaints and might not have noticed making any errors. More often, the user might make
no use errors on critical tasks but in the interview might point out one or more aspects of the
user interface that were confusing or difficult and that could have caused problems.

In the interview, the participant should provide a subjective assessment of any use
difficulties experienced during the test (e.g., confusing interactions, awkward manual
manipulations, unexpected device operation or response, difficulty reading the display,
difficulty hearing an alarm, or misinterpreting, not noticing or not understanding a device
label). The interview should be composed of open-ended and neutrally-worded questions
that start by considering the device overall and then focus on each critical task or use
scenario. You should investigate all use errors in the post-test debriefing interview with the
participant to determine how and why they believe the error occurred. For example:
SMEBOHBRPDIRIDEREL, EELGEROEREDHRE (LT H15HE) &To1-&IC
(F. TITV—=42 T AV BE 21— (ET LI EMmE BRI OVTOER) 217528, B E
FAVAEA—ICKYI—F—DEZFERNETE. FRINTH—IV ADBEEMTT HE
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BHROAEON. TNOIEEVERIELED FIZAEAFEA—DT—RIZKYRBREDEREHK
RTEDELSKIGHZETH D, TNLUNMIE SMEBEBLES-ITEDEHNRREDFEL
FEBREEGDEVIEIE. 2DDERENEWVICFETIEENH D, FIZAIE. —F—HE
BORMEALIATREEDAHHM . AV FE 1 —BFICIERHERAT . TT—LIzZ&lcRx DT
Eh o= mEEE N H D, ERICLT, A—HF—(FEBFRITIEBRFERALEVA, /12F2E2—T
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* “What did you think of the device overall?”
* “Did you have any trouble using it? What kind of trouble did you have?”
* “Was anything confusing? What was confusing?”
* “Please tell me about this [use error or problem observed]. What happened? How did
that happen?”
o Note: The interview should include this question for each use error or problem
observed for that test participant.

- THEBREARITOVWTEDKIBRBEFEELIZMN? )
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SMEICHLTITICE,

It is important for the interviewer to accept all participant responses and comments without
judgment so as to obtain the participants’ true perspectives and not to influence their
responses.

AVRAEAT—IE. SMBEBOLTORELIAVEE T DHMERADILERITAN, SNE
DEDNEZZSIEHL. HOoDRFIZHEEZEZLRNEIITTEHIE,

8.1.6 Analysis of Human Factors Validation Test Results
ABITZENY F— a VRBRER OB

The results of the human factors validation testing should be analyzed qualitatively to
determine if the design of the device (or the labeling or user training) needs to be modified
to reduce the use-related risks to acceptable levels. To do this, the observational data and
knowledge task data should be aggregated with the interview data and analyzed carefully to
determine the root cause of any use errors or problems (e.g., “close calls” and use
difficulties) that occurred during the test. The root causes of all use errors and problems
should then be considered in relation to the associated risks to ascertain the potential for
resulting harm and determine the priority for implementing additional risk management
measures. Appendix C of this document presents sample analyses of human factors
validation test results.

ABIZN)T—2a VR BROBRIZITENRMZTL., EABEED) RVZHRARELANILE
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Depending on the extent of the risk management strategies implemented, retesting might be
necessary. You should address aspects of the user interface that led to use errors and
problems with critical tasks by designing and implementing risk management strategies.28 )
You might find it useful to conduct additional preliminary analyses and evaluations (
Section 6) to explore and finalize the modifications. You should then conduct human
factors validation testing on the modified use interface elements to assess the success of the
risk management measures at reducing risks to acceptable levels without introducing any
new unacceptable risks. If the modified elements affect only some aspects of device use, the
testing can focus on those aspects of use only.

ET DIVRIIROAVNREDHBEICL>TIE BHBRISVELISZENH L. EEFIRITODR
FRBLUMBIZI O 22— =AU 3—Tz—RDEFE I URIIR DAV NEK28)E K
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8.1.7 Residual Risk B Y X7

It is practically impossible to make any device error-proof or risk-free; some residual risk
will remain, even if best practices were followed in the design of the user interface. All
risks that remain after human factors validation testing should be thoroughly analyzed to
determine whether they can be reduced or eliminated. True residual risk is beyond
practicable means of elimination or reduction through modifications to the user interface,
labeling, or training. Human factors validation testing results indicating that serious use
errors persist are not acceptable in premarket submissions unless the results are analyzed
well and the submission shows that further reduction of the errors’ likelihood is not possible
or practical and that the benefits of device use outweigh the residual risks.
WAVESHEERTEH, T5—PYRIEEOICTHILEIFERARETH D, IEALI—HF—(25—
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The analysis of use-related risk should determine how the use errors or problems occurred
within the context of device use, including the specific aspect of the user interface that
caused problems for the user. This analysis should determine whether design modifications
are needed, would be possible and might be effective at reducing the associated risks to
acceptable levels. Indeed, test participants often suggest design modifications when they are
interviewed within a human factors validation test. Use errors or problems associated with
high levels of residual risk should be described in the human factors validation report. This
description should include how the use problems were related to the design of the device
user interface. If your analyses show that design modifications are needed but would be
impossible or impractical to implement, you should explain this and describe how the
overall benefits of using the device outweigh the residual risks.

FERMEEY RIDEH T, MBHERAODKRIZENT, a—F—I2E->TRBE G- —H—
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If design flaws that could cause use errors that could result in harm are identified and could
be reduced or eliminated through design changes, stating in a premarket submission that
you plan to address them in subsequent versions of the device is not acceptable. Note also
that finding serious use errors and problems during human factors validation testing might
indicate that insufficient analysis, formative evaluation, and modification of the device user
interface was undertaken during design development.

BEEL-oI AR DHLREAEZSISECT AN HAORETDORMEAFIAL., FHHER
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8.2 Human Factors Validation Testing of Modified Devices
EEROHIBOANBLFENY 77— a VEER

When a manufacturer has modified a device already on the market, the risk analysis should
include all aspects of the device that were modified and all elements of the device that were
affected by the modifications. The risk analysis should also include all aspects of the users’
interactions with the device that were affected by the modifications, either directly or
indirectly.

REXENTRFADEFIEBEZIT OGS URVENIZELZEBOETOBEREE
EICKYEELZZT-BERODETEEHDHE, - EEMHOEEMANICHIDLLT . ZDE
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As with any other device, the need to conduct an additional human factors validation test
should be based on the risk analysis of the modifications made and if the use-related risk
levels are unacceptable, the test should focus on those hazard-related use scenarios and
critical tasks. The test may, however, be limited to assessment of those aspects of users’
interactions and tasks that were affected by the design modifications.
ZTOMDOBEERERERIZ. BMO AR IEN) T—2aVHRIIERLBED) R VEHZETIC
T, FERABEDVRILANILDHFBRTELRWNGEE L. TORRENF—FEED1I—X T
TELVEEIRVIZERER S TITOICE LWL EDRER(F A ——DHEERIZHEITEE
nNoDmé, REHEEDHEEZZ (T2 RAVIZRELTHELY,

When a manufacturer is modifying a currently marketed device in response to use-related
problems, possibly as part of a Corrective and Preventive Action (CAPA) or recall, the
human factors validation test should evaluate the modified user interface design using the
same methods as usual. However, the evaluation will be most effective if it also involves
direct solicitation of the user’s comparison of the design modification to the previous
design. The test administrator should explain the known problems and then show the
participant the previous version of the interface component along with the new or modified
version. The participants should then be asked questions, such as:

TERFAHDHREZ . FERABEOHRBICHIET 516, BEoKIEZEEE (CAPA) F=(F)a—
ILWO—BELTREREMEET H5HE. AR ITEN)T—avHlRTIEELRECAETA
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— =AU E—T1—ADBERDHREFEFMT S & LHL. RETDBIEEENURDHRETE
DEREL—F—IITILSERKET 2D THNIE, TOFHETREIRELD, RBREE
BHIFHBRSMEISH L TRAMOMEIC OV THRALTH G, HRFLIFEERDAF2—Tz—
AEHIZIBRLRTT H2E SMBIZFZTDRUTORIBEMETS:

1. “Do you believe the new design is better than the old one? Please tell me how the new
one is [better/worse] than the old one.”
DR EHIIHERFH LV b RV EEWET D, FHEEDHERF LIV ED
FICRW/TBENDONEHZTIIEIN, |
2. “How effective do you think these modifications will be in preventing the use error
from occurring? Please tell me why you think it [will/will not].”
RO T OBLE T, ZNODOEENED L IR E BVWET
D HEHTH D/ RN TRNEBIBRZHZ T ZEN, |
3. “Could these changes cause any other kind of use difficulty? What kinds of
difficulty?”
(2D DEEPHIOFEDOENI SORRK E 72D £ 5 T, ThuLE
DE D RFENILS STT D |
4. “Are these modifications sufficient or does this need further modification? How
should it be modified?”
[ZNDHDEIEZ 2T, THLE LS HIBIENLETT N, EDLD
IEELES LW EBWETH, |

8.3 Actual Use Testing 3&f# FIRABR

Due to the nature of some types of device use and use environments that can be particularly
complicated or poorly understood, it might be necessary to test a device under conditions of
actual use. For example, it would be impossible to test some aspects of a prosthetic limb or
a hearing aid programming device under simulated use conditions; and the results of testing
a home dialysis machine in a conference room might not be generalizable to use of the
device in a residential environment.

REDEEOKFOERALOMES FICEHFELERBLIKIMERRIEICEY  #HBEE
FRAFHTTRBRIDIEDDVELGZENH D, AL REROHBEEIIRETOTILEED
BEDHAEZEBERAZE T CTREETACLEIFARLGIHEENHY. READBEMEEEZRE
ETHRL-ERLEFRIE COMRBERICRRTELEVATREENH D,

Human factors testing performed under actual use conditions should be preceded by
appropriate simulated-use testing to ensure that the device is sufficiently well designed to be
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safe in actual use (to the degree that simulated-use testing can provide such assurance).
EFEAFHTO AR IZRBRIIRINESEREARRZTOTHOEML . BEEHIBJOREH
(R AR RN R R TR RRE T C) EFEAICH I THALEHERT HT L,

Actual-use human factors testing should follow the same general guidelines as simulated-
use human factors validation testing, described in Section 8.1; noting that when actual-use
testing is needed to determine safety and effectiveness of the proposed device and the
requirements outlined in 21 CFR 8812 apply, then an Investigational Device Exemption
(IDE) is needed.s In such a test, the test participants should be representative of the actual
users, the clinical environments should be representative of the actual use environments
EHEAOABIZHRIE. SAEICREBLBERFERATO AR IZEN)T—2aVHBRERLA
ARSAUITR>TITICE, ZDE, EFEARRICEINREBOLT LM EFTNMEZRET S
ENHY. 21 CFR §812[TBEZBRR-ERNZATHHEL. ARERMBOEHALRR
(DE)REDMEMRICBET 5L MMIHBRTIE. ABRSMEBEEROL—F—ERE
L. ERRIRIEIIEFERIRREZARTIIDTHSH &,

Actual-use testing can also be conducted as part of a clinical study. However, in a clinical
study, the participants are generally trained differently and are more closely supervised than
users would be in real-world use, so the resulting data (e.g., observations and interviews)
should be viewed in that context. Another way in which a clinical trial differs from a
simulated-use human factors validation test is that the sample sizes are generally much
larger in order for the outcome data to be statistically significant. For studies in which the
test participants use the device at home, opportunities for direct observation can be limited,
regardless, it is inadequate to depend solely on self-reports of device use to understand the
users’ interactions with the device because these data can be incomplete or inaccurate. To
the extent practicable, such data should be supplemented with observational data.
EEARRIIERRABRO—IMELTITOITELATRE, LA EREREABR DS INE X —ARRIICIT R
BEHEEZIT. EROFERKRETOI—HF—LYLELCEEING-O. HBRELTHELND
T—R2 - BREAVFE1—) (T DRREBFER THRIRT 528, 151 DDERRABRA IR
FATOABIZNIT—2aViRARERLGLRIE MENICERELGTIMLT—4%1G51
DI HUTILEENGYZLTNERATHD, RS MEN BB ERETHERAT HL57%
R T, SMBLZEERBEIT IRENRONDFAREELH D, VT NITLTEH, 2—HF—DH
BREDHEERISOVWTER T BICE, HBEAICOVWTOBEHRELIFICESAIDIETR+57T
BB EELELINLDT—REARTELFEFERGIZENHL-DTHSH, HENLEEFE
T. IS T—RIBET—ITHTT 5L,
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You should consult with your internal institutional review board for the protection of human
subjects (IRB) to determine the need to implement specific safeguards of test participant
safety and personal privacy, including informed consent forms.
EMEEBREDRED-HIZHBOEREEZERIRBIEFELE . /U T+— LV BN
EHBREORELAANDTFAN—FRED-ODOBEDREFEREZECOIVEUERET
&,

For more information about Investigational Device Exemptions, see FDA’s guidance, FDA
Decisions for Device Exemption (IDE) Clinical Investigations. For more information about
pivotal clinical studies, see FDA’s guidance, Design Considerations for Pivotal Clinical
Investigations for Medical Devices.

BERMERICET AEARRIC OV TOMIL. FDAH A F 2 XAk ICEI B ARk
(IDHIZD WV TDFDADREFIEIZSRDIE, ERZLARICOVWTRICHERNILETHN
(£, FDATAZ LV ATEFMBOERZILRRICET HEEAERBHIZSROIL,

sActual-use clinical studies conducted in the United States must comply with the Investigational Device
Exemption requirements set out in 21 CFR §812.30 and the testing process should affect the
participants’ interactions with the device as little as possible. ¥[E T3 X 415 Ffti H D g K
ABRIL, 21 CFR §812.30127E % 2 IRBRIEAR (Z B3 D SR BR O BT 240 72 L T uidie b
T BT e R IBINE LR O BEERICFTRERIR D D W Z RIFTH DO THDH X
TH D,

9. Documentation 3CEAL

Documenting your risk management, HFE/UE testing, and design optimization processes
(e.g., in your design history file as part of your design controls) provides evidence that you
considered the needs of the intended users in the design of your new device and determined
that the device is safe and effective for the intended users, uses and use environments.
JROI XD AN, HFE/UERRBR . B LU RBEIETOEX (il FRETEERDO—EREL T, &t
BEI7AII)ZXELLIZLOE, FROBBFRFICEVTERT 21— —D=—X%%E
BL. TOHBNERTLH1—H— HH. BEUFERREICESTRENDEREFIRLIZC
DAL D,

When it is required, providing information about these processes as part of a premarket
submission for a new device will reduce the need for requests for additional information

and facilitate FDA’s review of all HFE/UE information contained in your submission.
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WEIZIHECINSTOADEREHRDOEEOHRAIBRE L TIRHE I 54, BMEREER
T EDLEMEMFY ., FDAIZESTIXBREEHICESFENSHFE/UEIZEAT 21BN BEHLPY 5K
AT

A sample outline of a HFE/UE report that could be submitted to FDA is shown in Appendix
A. The report should provide a summary of the evaluations performed and enough detail to
enable the FDA reviewer to understand your methods and results, but the submission would
not need to include, for example, all the raw data from a human factors validation test. All
documentation related to HFE/UE processes, whether required to be submitted to FDA or
not, should be kept in manufacturers’ files.

FDAIZIRHE SN HHFE/UERREE DM EZRL-ERAZ A BXEAIZRY . HES TIFEEL
FHEDBEL, FDABBEENEDHALEREEMR TEHIRIFMERMTHIE LAL. I
ZEABIEN)T—2av BRI SN ETHDET—FLEEEH IV ELAL, HFE/UET O+
RICEEST L2 TOXEL FOANDRHE DL EEICEARG BEXBEDTFAILIZRET S
Z&o

10. Conclusion #&3&%

The advantages of optimizing device design through application of HFE/UE extend beyond
improved safety. Many device manufacturers have found that the application of HFE/UE
during the development of their products reduces the need for design modifications and
costly updates after market introduction and offers competitive advantages. With increased
safety, the likelihood of your incurring expenses associated with product recalls or liability
is reduced; and when HFE/UE approaches are used during the design development process,
particularly if the perspective of users is taken into account, the overall ease of use and
appeal of a device can simultaneously be enhanced.

MR ORBEILEZHFE/VEDERICEYERT HFIRIE. REMDHREULDIDAH S,
ZLDEEFXE(T. BHEROMKAIEICEVVTHFE/UEZIEHAT 5L T, MZEARDERE
EEOIRMIDNSOT YT T—rORBEEANRY . FEEHNAA LT EHILEICRONTNS, BE
HELNEFEDIII O, BRI — LR EYERICEET LIEROREDAREMLELT 5,
HFE/UEDFEZFHRARARTO R TRATNIEL FICA——DBRREBEICAND L, #3F
DEFRGENOTESEBNERFICEHEHENTED,
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Appendix A
B LEA
HFE/UE Report
HFE/UE#HE &

A HFE/UE report included in a premarket submission should provide information
pertaining to device use safety and effectiveness in summary form. The report should
discuss the safety-related HFE/UE considerations, issues, processes, resolutions, and
conclusions. The level of detail of documentation submitted should be sufficient to describe
your identification, evaluation, and final assessment of all serious use-related hazards for
the device. To facilitate FDA review, materials used directly in the HF/UE process,
including portions of risk analyses focusing on user interactions with the device and specific
risk analysis processes, results and conclusions should be included in the HFE/UE report. If
necessary, the report may refer to materials relevant to the HFE/UE process located in other
parts of a submission.

A recommended structure for the HFE/UE report, which will support efficient FDA review
of these materials, is listed in Table A-1 and described in the text that follows.
MIRATEREEICE 4 HFE/UE |ESICIE. MBEADORE M LUVAMMEICEET H1FHRE
BB ATEDDI L, TOREETIIRLHICEET S HFE/UE DRETEIE. FE. T0tX,
BRESIVHERICOVTHRANDILE, RETEIXEDFHHEL. TOHBOH oD LHIFLIL
FERAEENYT—RICONTITo-HER. FHli. RRFIMZE+2ICEBRTHLANILTHAE,
FDA EENDMBILDT=6. B HFE/UE TOERTHEATIEHR L. 1 —F—LHEH 0
EMRICEBLEYRIAHBRZED BHEDIRISHTOLR  BRELUKEREZ.
HFE/UE EEICENHDHIE BEICHEL, ZDIMEE TIE HFE/UE TOEXICEET HE MM
REZDHNDEDTHDIZA>TLSIMERHLTHELLY,

HEIN D HFE/UE EZDOHRIE. ChoDEHICET S FDA BEOMEREEHHILDEL
TR A1 BLURBEIESHL -,
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Table A-1. Outline of HFE/UE Report
# A-1 HFE/UE #i5E0HE

ContentsNE

Conclusion #53%

The <device> has been found to be safe and effective for the intended users, uses and use
environments. <f&#s > LB T 52 —%— FEH, FEHERRICR L TLetE LOHED)
WEET 5 AW LT,

* Brief summary of HFE/UE processes and results that support this conclusion A i & 22 f-F
7 AHFE/UE 7 & & 2 35 L 5RO B4

« Discussion of residual use-related risk 78 U A 7 122\ T DO EER

Descriptions of intended device users, uses, use environments, and training& X3
Ha—¥P— FH. FRRERIOEF IOV TOMEDH

* Intended user population(s) and meaningful differences in capabilities between multiple user
populations that could affect user interactions with the device & X5~ 5 = — W O RHE %L,
BRO, 2= L3 & OMAEIERICEEE 5 2 5 rIRetEN b 28D 2 — Y R
[FCORET) EOAH B IEND

+ Intended use and operational contexts of use i ] H #93 L OMEH OE{EA T » 7

+ Use environments and conditions that could affect user interactions with the device =—
— LHEER O BEAERICR A 5 2 5 ARtk & 2 R I KOGk

» Training intended for users =—V —~DEXT HHE

Description of device user interface B#3D 21— —A ¥ —7 = —X|{ZDT
* Graphical representation of device and its user interface ¥gsD 27 7 7 4 v 7 RBB IO
FOL—Y—Af o H—T 2 —R

* Description of device user interfacef#n DL —H—A ¥ —7 = — X (T DN T OFLIR

* Device labeling #§#5 7~V > 7

* Overview of operational sequence of device and expected user interactions with user interface

B OBRIEFIR L BESN D2 — Y —A ¥ —T = — X L OHANEH O E

Summary of known use problems BE&1 D A B E N DAL=

« Known use problems with previous models of the subject device 4 5%HL 5 O Rk FE TREMN
&g o T R BEE o R A

* Known use problems with similar devices, predicate devices or devices with similar user
interface elements LIRS, FERR E - ITHP O —Y —f L ¥ —T = —RFF %
FrOoMgas CBLA & e o 7- . BEABIE ORI

» Design modifications implemented in response to post-market use error problems _Eif%(Z
FAE LRI L D2 E~O IR E L TORGIAER

Analysis of hazards and risks associated with use of the device BasDfEH 2B
BT 5EEBLITY X7 04

* Potential use errors J&7EM)72784H

* Potential harm and severity of harm that could result from each use error #-324# H 23 JR[F &
320 9 HWIERNRIEERL IV 27

* Risk management measures implemented to eliminate or reduce the risk U 2 7 OHEfrE 72
RO 7= DI FERM L7 ) A7~ 3T A hxbR

» Evidence of effectiveness of each risk management measure %5V A7 < %XV A 2 FXFERD
AEDOTET VA

Summary of preliminary analyses and evaluations TlEfEHT & 2R DBEE

* Evaluation methods used fif Ff| L 7= 54l J5 7%

+ Key results and design modifications implemented in response 1= 7275 5 & Z o x L T
fiti L 7o i EH A

« Key findings that informed the human factors validation test protocol AR LF /N1 57—/
a VBT e IR EN =R AR

Description and categorization of critical tasks EZE 72 ¥ X 7 OfEH & 53R
* Process used to identify critical tasks LR ZREMEX A 7 2kl Dol S 7
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|=RycpZs

» List and descriptions of critical tasks FEZEX 27 O U A k35 X OFF#L

« Categorization of critical tasks by severity of potential harm JEEMEEDERSICL L H
R E S 27 D5

» Descriptions of use scenarios that include critical tasks /R ¥ A7 2 &ter— A+
Z D

Details of human factors validation testing A\l T2 U 5 —3 a RBRODO
« Rationale for test type selected (i.e., simulated use, actual use or clinical study) % D75k %
EER U TZARIL (BLEfE ], S 3 72 IR AR AR

* Test environment and conditions of use FRERERHE IS I OME FH o1

+ Number and type of test participants FRERSME D N L % A 7

« Training provided to test participants and how it corresponded to real-world training levelsi®
BRBME AT TZHEONE L. TN EFEBEOLE TITONLIAE & O—BRDOEEN
» Critical tasks and use scenarios included in testing FRERICH FNHEER X AT La—
AT VA

* Definition of successful performance of each test task 7555 & 2 7 DI EANED EF

* Description of data to be collected and methods for documenting observations and interview
responses (£ HRE T — X B IO A X Ea—DEEE CEICE LD DL
2D T DfiF.

* Test results: Observations of task performance and occurrences of use errors, close calls, and
use problems FERFER : ¥ X7 87 f—< L AITHOWT OBIEHEIES LOBER, b
YU Ny b HBEERE O S A

* Test results: Feedback from interviews with test participants regarding device use, critical
tasks, use errors, and problems (as applicable) FABRAEE : MEER D, HEERZ 27 A
M, BEIOEHBEEME (X497 2556) (oW T, BRSINE~DA F B a—
THRLNZT 4 — Ry 7

* Description and analysis of all use errors and difficulties that could cause harm, root causes of
the problems, and implications for additional risk elimination or reductionf& % & M (X9 A4
PEDHLETORMEMNB LORNE S, MEOER, BLUERL U A7 PrE 213K
BA~OE B ORI & 5T
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Section 1: Conclusion &

The report should begin with a conclusion stating that the new medical device has been
found to be safe and effective for the intended users, uses, and use environments. The
conclusion should be supported by a summary of the HFE/UE processes conducted (e.g.,
HFE/UE analyses and evaluations, design modifications, and validation testing) and
analysis of the results.

HMEEFEROOEEL. FREEEBNERTLI1—F— FH. BLUFERRE~DRE
MESLUMRIEREINI-CEEHRE T S, TG, EMELI-HFE/UET O+t (i : HFE/UE
BRTH IV, R EE. BIUN)T—2aVHER) & BROENICKYEMITEHI L,

This section should discuss any residual use-related risk that remained after the human
factors validation testing. If applicable, this section should provide a sound rationale that
modifications to the user interface (including the device and the labeling) would not further
reduce risk, are not possible or not practicable, and the remaining residual use-related risks
are outweighed by the benefits derived from use of the device.

ARETIRABIZN)T—a AR EICHERSN:- FRMEOVLNGLZB R IEIKRS
L WMEICHLT, a—F—AUE3—Tx—RABBESNI VT EEU)~NDEEEITO>TLELD
DRI DB EAFTELNI L, BRUENOAFAIREF[ETEMTHNI &, F-HFOFE
RIZESBRENMERAEEDKRB)RVZ LESZEANDELLMBRE RS E,

Section 2: Descriptions of intended device users, uses, use
environments, and training

BEXT5a—¥—, HH, HHRESITHTIZONT

This section should include: AIHIZIZLA T2 EDDH & -

* A description of the intended user population or, if there is more than one distinct user
population, each population; the description should include meaningful differences in
capabilities or use responsibilities between user populations that could affect their
interactions with the device (such as lay and professional users who might use the same
device to perform different tasks or different types of professionals who might perform
different tasks on the device);

ERT 51— —0OBEHICOVNT, £, 2D U LD ELGSI——DBERNEFET D
HE.FROBEEICOVWTOER, T4H5, MBRLOHEEERICEELRITT AN
AHd. A——OBEARDRENFEIFFERICETEIEEICOVTORELGEEIZDL
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TORBEEHDIEWBIZIR., FEMREEMRLI—T L RICEFLERALTRLLS
RV%EET D, BLL5BEOEMRIR— DR TELLIIRVEERT HAIREELH
5. 713E)

* A summary of the device’s intended use;
B Df I A B OB

* A summary of the device’s operational context of use (such as the requirement that a
user be trained by a nurse prior to using the device, or it is used in an operating room,
or it is used differently for different applications) and critical aspects of device
operation, such as set up, maintenance, cleaning, reprocessing;
LEEBOFERICETHRMERKREOBE (A —F— AR ERANFEEFHETCOER
Bl HAENERIOBEAD-OICELGAERETHERT AESICFEMNSFENAZE G
E)VBLUHBDOEINT YT AT FUR & ) TORREV S B RIEOEELR
AT DOV TOME

* A summary of the intended use environments (e.g., hospital, medevac vehicle, non-
clinical environment) and the characteristics of those environments (e.g., glare,
vibration, ambient noise, high levels of activity) that could affect user interactions with
the device; and

BT DB (B, Whe, RORERMEE, FERRIR ) iootU:L~47‘~
&R & DM EAERICREE LIS 5 21 b BREE DR ({ﬁJ AF, iRE), JH
WHES . MV EE) L~UL)

* A description of any training users would receive; a sample of the training materials
(such as a DVD, computer slides, or a pamphlet) may be appended to the report.

=P —=NZF D EEONDHLWLHBEICONTORR, il IXEEHEE

(DVD, PCHHAZ A K, /N7 Ly M &) [THEFITHRMA LTS LUy,

Section 3: Description of device user interface
a2 —Y— A U F—T =2 — R [TDONT

This section should include (as applicable): KIEHIZIZLATZ (MLEIZIELT) 8H5H 2
-

* A graphical representation (e.g., photographs, illustrations or line drawings) of the
device and its user interface, including a depiction of the overall device and all
components of the user interface with which the user will interact (e.g., display and
function screens, alarm speakers, controls, keypads, dedicated buttons, doors,
components to be connected, retaining clips);

s bSO —— A =T 2 —2ADT T T 4 IR (Bl FE, 47
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Z NEITHREIE) . RIS RIR L 22— = 5EE T o = — o1

Z—=Tx—A Bl : T4 AT VA LAV — TT—LAE—T—

HELE, F— "y N, EHRZ 0 N7 EedEE, /7Y v ) oaTo

aViR—3 2 hOEEE T,

A written description of the device user interface;

Bas D2 ——A ¥ —T = — R |ZONTO S REMRLIR

* A copy of the labeling materials that will be provided to the user with the device (e.g.,
instructions for use, user manual, quick-start guides, packaging); and

B ZINfT L Ca— Y —ICi kSN 6 7 XY 7o a e — (F] : Bk i
£ a—W—w=aT N IA YT AEZ—TA R, RNor—207) BLY

* An overview of the operational sequence of the device and the users’ expected
interactions with the user interface, consisting of the sequence of user actions
performed to use the device (and resulting device responses, as appropriate).

s DRI B L2 —F—IcflE s d2—— A v ¥ —T7 = — X L DO
AEHOME, WSROI T2 —Y =T 7 v a VOIEFEZED 5
(LEIEC, THUSKHT DD L AR A )

Section 4: Summary of known use problems BEZn D8 A B8 & Dk

=

This section should include all use problems known to exist in previous models of the same
device (as applicable) or with similar types of medical devices (e.g., predicate devices). In
some cases, no use problems are known to exist and if so, this may be stated. If the
submission is for a device that has been modified specifically in response to use problems
that occurred in the field, this section should highlight those problems and the new
modifications.

AIETIIRCHEZRDORIHIE (BRHTHI58) £-XE LD EEH S (5 :predicate devices) IZHF
HEIHIENBRMNTHS. ETCOERABEMEZRERT 5 & BEICLoTIE., FERABERE
DEFENEFERSNGNENHHN, TOHRIFEIFHLABLTEEN, FFICTHIHZTREL-F
FEEMENDOIGELTEREZMA-HBORFELITIEHE . RETIEENLDEEEHR
DEBIHFICERZHTHLE,
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Section 5: Analysis of hazards and risks associated with use of the

device HEEROMFEFHIZEEE T AN — R & U R 7 OfEFT

This section should provide an excerpt from the comprehensive risk analysis that contains
all the use-related hazards and risks, including those associated with potential use errors.
The section should include at least one hazardous scenario associated with each use error,
the potential harm that could result, the potential severity of the harm, all risk control
measures implemented to eliminate or reduce the risk, and the source of evidence that each
risk control measure was effective.

AETEEBENTRERICEET2L0EEH . £ TOFEABENT—FE)ROEMELT-.
LEMG) RAVBITOIEARZRET S REICEZRFERAICAET H1D2LULDONTF—FD
DHIF . FDORRECHEBENGEE. BEDOBENGRES, VRAIVDOHRELITERDT-
HOETH)RYAUFO—LHE, FURIAV A= LA RANRMTHIEVSIETURAD
HiZEHdle,

Section 6: Summary of preliminary analyses and evaluations

TREIAEAT I X Ol DA E

This section should identify the preliminary analysis and evaluation methods used (e.g.,
specific analysis techniques, formative evaluations), summarize the key results of those
analyses and evaluations, describe any modifications that were implemented to the user
interface design in response to the results, and discuss the key findings that informed
development of the protocol for the human factors validation test.

ARIETIXFEAL T HERERHT SER@AMA A (B : EARRGEEMT FiE. BEREETE) ZRL. Tho
DEMBIVFHEOHEREFLD . TOHRICKELTERELIZA—F—A3—T—I~DE
EZEEHL. ABMIEN)T—2av B0 LK EEF RS EEGERICOVNTERSZ
&

Section 7: Description and categorization of critical tasks
BHEZ ZA7IZOWTORER E 5

This section should explain the process that was followed to identify the critical tasks
during the preliminary analyses and evaluations; it should also provide a list and
descriptions of the critical tasks. The section should identify the severity of the potential
harm that could result from use errors on the critical tasks. The section should also describe
the use scenarios to be included in the human factors validation test and list the critical tasks
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and other tasks that constitute each use scenario.
AIETIEFHEMAEFTEHBRICEEIRIDHEDT=HITITITAERICDONTHERT HI L,
F-. EEFRIDYAMORBLIRM T H L AIBETEEEFIRITORFEAICKYEELSD
EEDEXRSTHMEIZTSHIL,

Section 8: Details of the human factors validation testing
ANBTERY F—v a VREROFEM

This section should include a synopsis of all activities conducted. The section should
contain a summary of the test results, a comprehensive analysis of all use errors and
problems that occurred that could have resulted in harm in real-world use, a description of
all design modifications made to the user interface in response to the test results, and a risk-
benefit discussion. A full test protocol and a sample of all scripts and forms used in the
testing should be appended to the report.

KIBIZIIEREL-E2TOEFHOMBEZEDN S, RIBICIIABREROBE, REDOFEHRLT
BEESITEILEALLNGVETORERS JUMEAREMBED £ mGAENT ., HRER
ZHEITITofz, A—F— AU =T —RADLREFHEEIT DOV TDRR ., BLULIRIRRT 1y
MR 2BEREZEHDHL, RBTOMILEXERBRICHERALE-E2XESLUKRRDRERE
HREEICHRTTEHIE,
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Appendix B
Considerations for Determining Sample Sizes for

Human Factors Validation Testing
ANB TN F— a VRBROY VP VERE
ICBITHZRETNER

Published estimates of the number of test participants required to identify all problems that
exist in a user interface1o are based on a set of assumptions regarding: a fixed (and known)
probability of encountering a problem, a uniform likelihood for each participant to
encounter each problem, and the independence of the problems (that is, encountering one
problem will not increase or decrease the likelihood of finding other problems). However,
none of these assumptions reflects the real world. Most importantly, individual likelihoods
of encountering a problem with a user interface vary considerably, depending on the user’s
personal capabilities, knowledge and experience levels, nature of interaction with the
device, frequency of task performance, attributes of the use environment and use conditions,
and the nature of the problem. Theoretically, the lower the chances of finding a problem
(e.g., if the problem is subtle or the users are highly skilled), the more people you need to
test to provide reasonable assurance that the problem will be identified. In practice, it is
difficult to identify all the problems in a new user interface and this is, in fact, one of the
reasons for conducting human factors validation testing. Even for those problems that are
known or believed to exist, it is difficult to anticipate how likely it is that the problems will
be detected or cause observable use errors or problems or to anticipate the variability among
test participants populations prior to testing. Consequently, it would be extremely difficult
to develop a formula for the statistically “correct” sample size for testing a specific device.
A—HF—A =T —RFETHLEEOFEITBNELEONLHABRSMERIL. LITIC
I H5FELAMRICFALLAREATHL BEITEELID—E (BLUBHD) FEE, FS1N
ENTNETNOBEICER T HAFEDAREME . BFUHBEOMILYE (Fhbhb., HoHMEITE
BLTH, ZOMOREEAFIBAT SATREME L LA DI EETADIELLLY) , LALIN L DHITR
OWLWIFht BEOERERMTHEDOTHLEN RVEFELGI L. 2—F—(04—Tx—X
DOEATEEICERT BRI TNTNARECELRY, 2 —F—EADBEN. MHE. BRLA
IV RBRLOMEERORE., FARESLVERAEZHORE. BLUBMEOAREIZL>TE
5, Bim LTI, FENR OO SHEEINMENLZE (B BB R ALK, A —F—DEHEN
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FRITHEVGE)  MEERETEILETO+IERIET T CIELYSELDABNREELD,
KRICE FBA——A 83— T —ADHEZETRET S LIFRETHY . A Af]
T2N)T—2avBRETIFXRLOERTH S, BHMOMET-IHEETHEB LN SHRRE
TH>TH, AEREMATIFIE DR ED A HetE. £ OREA A Al R R R E A E (I FEARE
REZESIERTARED TR ABRSMERD/N\SOEETFRTILERHETHS. FHR
ELT. HEDHBORBRTHIMICTELWL S TLBZEHTHAXERET 2 EFHEDH
TEELLY,

Faulkner (2003) conducted a study that collected empirical data from a sample of 60
individuals with varying levels of experience with computers in general and with the
software used in the test specifically. The results suggested that a sample of 15 people was
sufficient to find a minimum of 90% and an average of 97% of all problems with that
software; a sample of 20 people was able to find a minimum of 95% and an average of 98%
of the problems (see Table B-1 and Figure B-1). Note that the change in detection rate
decreases asymptotically to zero as the number of users increases, and a sample of 30 users
detected an average of less than 2% more problems than did a sample of 15 users.
TA—0F—H T o1=#% (20034) Tl AV E1—2 LT OB AICFERLIZY b7
THRARGREBRLARILEF D602 DY TILH SRR T —2FIREL TS, TOHEREM S, VY
ThOz7 DLRBEDRIEI%., BLUFHIT%ERDTEDIC+HEH U TILEIX158 ThH
Y. EIRED®RIEI5% ., BLUF1H8%E R D(FEHDI+ 7Y TILEIE204 THSHZ LA HIBA
LTz (RB-18LUEB-1588) . BL. RHFRIIHFTHEF1—F—HAEZ DI DN THHER
[CEOARIZEDL. YT ILEM0ZDI—F—DIGE . Yo TILEN 158D 1—F—Di5
BRYUBLELOBENMEHSN ., FREEDOEIL2%RETHS,

Table B-1. Percentage of Total Known Usability Problems Found in 100 Analysis Samples
(Faulkner, 2003).
1004 DFENTH > T D BBEMO 2 —F e U 7 ¢ AR S D EIE

No. users Min. % Found Mean % Found SD SE
a—F—% KRR HR FEEIBRH R
5 55 85.55 9.2957 .9295
10 82 94.69 3.2187 .3218
15 90 97.05 2.1207 2121
20 95 98.4 1.6080 .1608
30 97 99.0 1.1343 1051

10e.9., Virzi, 1992; Nielsen, 1993
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Figure B-1. Percentage of Total Known Usability Problems Found in 100 Analysis Samples
(Faulkner, 2003).
XB-1. 1004 OFENTY v 7T A BEERO 22— Y 7 ¢ BN AL SN D 2E A
(74 —2F—. 20034)

Human factors validation testing is primarily a qualitative rather than a quantitative
exercise. The goal is to evaluate users’ interactions with a device user interface by
observing their performance and simultaneously collecting subjective user assessments of
their experience using the device to assess the adequacy of the user interface design. Use
errors are recorded but the purpose is not to quantify the frequency of any particular use
error or establish acceptability with respect to numerical acceptance criteria. Instead, the
purpose is to identify the part of the user interface involved in a use error or problem and
investigate the causes of the use error or problem so that the design of the user interface can
be optimized with regard to use safety and effectiveness.
ANBIIZENYT—2a R IE. TRIFEMEVSLYENLGREBETHS, TOT—)LIEa—
—EBRDL—F— (U A—TI—REDHEERE. TDNT+—I ADBREEL CTFHET
HILETHY. ARFICAI—F—BEOMBEADORERICOVTOEBRNLFFELEFOERE
BLTIREL, a——AU8—TJx—REF DBV SEFFHEST 5L TH D, RERADRFRET
SH. ZDEMIEHEDRFEADOREEBEEZRIELT S LTI FHENGEREEIC
FYEBTHETHILETHLEL, EQO BRI, SRERFIXFEABERMEICREET 50h1—
Y= A—DT1—ADEDWANEREL. TORFERAFIIERABERENRELREL
T A A3 D1 —REHAEFEAORLEEFNEOE TRELLDET HIETHD,

Since the parameters needed to determine sample size cannot be estimated easily or cannot
be at estimated at all prior to testing, a sample of 15 people to detect most of the problems
in a user interface constitutes a practical minimum number of participants for human factors
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validation testing. This sample size theoretically provides the best possibility of detecting
user interface design flaws while limiting the amount of resources required. However,
please note that the recommended minimum number of participants could be higher for
specific device types.

YUTIVBREITHEG/NTA—FLEHEICITEETES . HAHVTHBRRHEE ST HILET
A[RETHA=H . A —F— (U F—T1—RAD KB DEEERET 5= DY TILE158 L
LIDIF ABTENT—2aVHBRORENERIESMERELS, COYU TV, &
BELERMNRONDHD T, A—HF—A23—Tx—ADHFREFT D RIpERE T H1=HI21E, Bif L
RUEBAREMEZEDILDTHLIN . HEDHRBICOVTIE, HERINIRERDSME
FZEN&Y ZLEHAREMEN HAHELAMFAL LY,
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Appendix C
Analyzing Results of Human Factors Validation

Testing
ANBELZEANY F— a URBRE RO

Analysis of human factors validation test results should focus on any problems found during
the testing. Problems are use errors and “close calls” on critical tasks observed by the test
facilitators (observational data) and difficulties with use, including close calls, reported by
the test participants (interview data). If the testing was conducted adequately and no use
errors or problems that could result in harm were found, the test data would require minimal
analysis. More often problems are found and the test results require analysis to determine
the severity of the potential harm that could result and if the harm could be serious, require
identification of the root causes.

ABIZEN)T—2a v ABRBEROBN T, ABRPICRESh=HoP SMREIC OV TERE
BTAHIL MBEF. REASFIUVRBRENK OV -ERT R EEIRITOIEY /Y
MIEFERADNHELNOI-RTHAN., ZNIZFHBRSMENRELITEVIN\VMLEL (14
Ei—7—%) . ARV EVICERSN, BEEZL 0T RERCERBEMENR DM SLET
niE. ZOHRT I TEREREDENDANBELLL, LOLEBEIIBENROHNY., &
DEREELBEIBENDERSZHET S-=-OICRBREROBNHADELLDIBEENEL FD
EENRLUGAREESHY LHIEhNIEL TOERDR/HENBLELL D,

For those use errors and problems that could result in serious harm, the test data should be
analyzed to determine which part of the user interface was involved and how the user
interaction could have resulted in the use error or problem. The primary purpose of the
analysis is to determine whether that part of the user interface could and should be modified
to reduce or eliminate the use problem and reduce the use-related risks to acceptable levels.
An essential secondary purpose of the analysis is to develop a modified design that would
not cause the same problem or a new problem.
RAGEEESIFRCTAIREENH I TN DR FEALFEABEERMEIC OV TE, HBRT—4
EZRITL. —H—(3—DTx—ADEHEFRL. 2 —F—DOHEER (A —HF—12450Y
V) MNEDKIIREAOEABEEREE L 0T AN H DI EHIET 5L, fiRFTD
FEEMIL. FHABEMBELERETHRL. EFRABED) RVEHFBARELLANILIZET
BRI AOIZFA o 2—Tz—ADEMEENTTEED  FTBET RENEHETHETH
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ITETHD,

Even when the causes of the use errors and problems seem to be apparent from the test
facilitators’ observations, they should always be discussed as part of the post-use interview.
The test participant’s perspective on use errors can provide helpful insights and reasons for
the use error and sometimes includes suggestions for design improvements. It is not
uncommon for the user to explain exactly what caused them to do what they did but this is
not always the case. Sometimes users don’t notice making errors, or cannot provide an
explanation, or offer an explanation that is not helpful.

Design modifications made in response to human factors validation testing results to
eliminate or reduce unacceptable use-related risks should be evaluated in a subsequent test
to determine whether the design modifications were effective and whether they have
introduced unacceptable new risks that need to be eliminated or reduced.

A hypothetical example: Three participants in a human factors validation study initiated
purge of an infusion set prior to disconnecting the line from the patient. The use errors were
observed but it was not clear why they happened. Subsequent discussion with the test
participants revealed that they were confused by the appearance of the purge options shown
on the device’s graphic user interface (GUI). In addition, two other test participants
mentioned the same problem although they did not make the error; all five participants
offered suggestions to make the user interface easier to understand. Analysis of the test
results indicated clearly that the display screen for this function should be modified and also
revealed possible ways in which the GUI could be improved. The user interface was revised
and when the modified device was re-tested, the

participants made no use errors on this task, did not report confusion or difficulties with it,
and no new use problems were found.
REACHEABEMEORANHREDHEENIHONEREDLNAGETH. FREDAVS
Eai—DOFRTEIZRY LIFEIE, BBESMEBORFERAICOVTORBRI. REROAREERE
BHAQEREFOLAEENHY . BICEEFORERICOVTORENTHONS, 12—
— A BTN RE LGS =D (FfAIME 2 —HF—MNEREITRAT HEERLHHE.
INHDETHDIEVNSIETEEL, FFICIEREWVWEILLIzCEIZRIODEMN oY, RN TER
Mof=l) RIS E=HVERBALNTERNIELH D,
HFATELEWMERBED YRV DHBRFEIFERDI=H. ABITEN)T—avHlBROBERE
ZITTEBLULEFHEEIX. ZORITITIHBRICTEHELTL. RFHEENRMI . F-ZTD
BENBREILRBT REFBFARLGH-LIRIEFVRAATZOMNEHET 5 &,
HEIZEDWN=HIZHITEHE 32D ABIEN)T—a HBADSMELN, EEHSEEIK
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YP—A22—Tx—X(GUD) LDN—UBBED N ERICE o2& FIBFL Tz, BIZ, D28 D
SMEILRCEEVEILSE N >0 D, ZOMREIZOVTE kL, o T. BMBEELLE
D, A—HF =AU 3—T1—REEL2EDOMY LTI REFLZLIREL -, HEBREROMBFTICL-
T.ZCOBEDT=ODTARTLAAD) = DIEEDLEENARKEIZREIN., GUIDHER ED
FIBALTz, SCOA—H—A22—T—R(IEBIESN . BEZDOBEIFOBREBRIFICE, 21— —
[FZDHARYTORFEAZ1DELINIT . FELADHOMYIKES O LSDHE L Ff-AER
EERELRMSh AL o1,

Some use errors cannot be eliminated completely. For instance, despite specific instruction
and warning that users should use disinfectant wipe prior to lancing a finger (or other site)
to draw blood for a blood glucose test, several test participants omitted this step during a
human factors validation test. Data collected during the post-task interviews indicated that
the participants were aware of the risk of infection and read the warning in the instructions;
however, they chose not to use the disinfectant wipe because, they said, “that’s just not how
I do it.” These types of use errors should be discussed in the context of the risk control
measures applied (e.g., clear information in the blood glucose meter’s user manual with
validated cleaning and disinfection procedures using EPA-registered disinfecting products).
Because further modification of the user interface would not be likely to reduce the use
error rate and because the benefits of using the meter outweigh the risk of infection
resulting from the use error, the residual risk would be acceptable.

REAORICIE. TL2ITHRTELVLOLH D, HIZZEITHE, MBEBERETRMO:=HIZIE
(FIXZ DO EED I8 ZERITHIC. I—F—ITHETA T OERZERDDIETOEEL Y
SINTWVBITEMDIDET . HEDRBRSME FABMIEN) T3V B PICCORTYT
TN Tz, ARIEBE DAV FAE 1—TEDI-T—2h 5. SMEBDRLEIRIIZDNT
AHLTHY IETEDEEXEHRATNZIENEZ D, LOL. HBEISHEETATE2ERLE
Motz ZTLTEDERIEIZNITFADNDEDOO TS HELEIMNLIFZEED,
COEDRFERICOVTILEAT SRV PA—IILHA KD XARDE TEEH T HINETHD
(il : MFEEA—BDI—H—T =27 )UIZ, EPARAEAHDESHRFERICKD. Z LMD
BHDR R ESFIRZAREICEHT D).

MU EDAI—HF—AUE—TI—ADEBEZITOTH. RERAFEENMEFTELIITHL B
BABERADART VM RFERICKDREREIRVE LES-0. ZRBIRIILHAFREET
Bo
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Finally, some use errors that occur during a human factors validation test are found, through
interviews with the test participants, to have been caused by conditions that were not
consistent with actual use. Once so determined, such errors may be designated “test
artifacts” and this conclusion is acceptable. However, analyses of test results that include
many “artifact” explanations might indicate that the test conditions affected participant
behavior too significantly and retesting might be necessary under conditions that more
closely approximate real-world use.

EERMICABIZNT—2aVRBRRICHKET HRERADOLLOMD, AVFE2—FBEL T,
EFERAEFETOIRMICE>TEIEFRISNIZTEN AT S, —EZTDLOILGHEN LGNS
ECEDESGRFERIFIITANT —FI70(BB) IESNSFTREMENH LA . CORERIEHRS
o, L. BLDIT7—F 7700 (ABB) IS OVWTHOREBE SO HBREREMBNT T 5L, AR
FHNHBRSMEDTEICKECGEEL TSSO BEDFERICRYGEGEVEHTTOER
BRALEGARERLHIBEN RTINS,

Some hypothetical examples of the process and results of analyzing human factors
validation test results are shown in Table C.1 below.

AN TN F— g VRS RO 7 o' X LFERO, EICED W6l %
LLIFOFECUIRT,
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Contains Nonbinding Recommendations A& # D 72 0 \HELEFE IR 25 7 40 Table C.1 Hypothetical sample results of analyses of human
factors validation tests #*C.1 ARILENY FT—v a VRBROBITREROBEY v

Medical device | Hypothetical Task Failuref8 & L 7= ¥ Initial risk analysis Possible root cause Possible risk control Evaluation of Revised
use task R 7 F@1T FEY 27 5% Zzbh3ER EZroNB) Ry EHE risk control risk anal:
EREER O Observations of Comments by Clinical Potential effectiveness redesign
BER7 user user consequenc harm V27 EB needed?
o—F—ER Z—PF—a X e B o DOBEERE | U A7 FfR
k HRIRE 5~ # i Mr: FERREE
DILEE?
Enter patient User who was User was not Incomplete Serious injury | User was not Medical device to alert the HF validation
data into the interrupted during | aware he left patient data | or death informed they left user when data has not test
medical device the task failed to some fields blank. | could lead EZNZEFHFE | some fields blank. been entered into required ABIZEN
EEBIS(ZE | enter data into A—H—[F.Tqs | to =133, A—H—MN, J1— fields. yF—=3y
FHET—H%A | some fields. —ILR%ETS2% | misdiagnosi WREISVIDFEE | REHRI(—ILRIZT—4 FHER
h3%, A—H—HAERY | ODFFICLIZE | sor [SL=CEITHLT. | AAAShTLVELMGE.
BITHICSZAES | IZRIh - incorrect BEINLE A oT=, dA—H—|Z8LES 3,
h.EO>0hDODAHN | 1= therapy
T4—ILRIZA S TEEHEE
LE=ASINTE HT—4
TWigEhot=, hL RO
Users in US Users did not fE-f=B User could not tell Medical device to make the HF validation
entered the realize that the RIZHDE the medical device weight units more test
patient weights in medical device BEMEAH accepted patient noticeable. Aﬁaﬁlilf
pounds rather only recorded %o weights only in EsHuAKYEILIDELS )5F—<3>
than in kilograms. patient weights in kilograms. ICEEBRIZHET, RER
KEL—HF—H., | kilograms. EEMIENEENRK
BEDKREEZFDO | EREBINES EEXOTSLEN
95 LTIEEL, DHREZFOTS DELMZIHF1HE
INDURTANL | LEGEOEOH Wiez, a1—4%—
f=o ZIT{HT5HZE &R hiEhotz,
2, 2—%—[&
KIOhEhot=,
Confirm new User did not User did not Incorrect Serious injury | User was not Medical device to alert the HF validation
settings entered | confirm the realize she therapy or death informed of the need | user to confirm the test
into a medical settings. needed to MEof=A FEANIRIEE | to confirm the settings. Aﬁaﬁlﬁlf
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device. A—H—HEETEH | confirm the = 1=IE3 T, settings. RETDREREFITOILIIC. )F—<,3>
EEEERICA | BELGM o, | settings. BERAOMKEC | —H—ITBLET S, HER
ALf=#HLLY A—F—IF. K 2LVT, A—H—IZ
REETER EDHRINDHE BENAIE M=,
b o=l &IZRD
NEh-ot=,
User did not User presumed User was not Medical device to alert the HF validation
notice the medical | the medical informed that the user when it has timed out test
device did not device kept the medical device had and reverted to the AFEﬁI?/(
keep the settings. | settings he had reverted to the previous settings. yF—=3y
EEMIENETE entered. previous settings. EEYIn DG &S LRi0k SHER
#RELLGEWIE | AL ER EEBIRHRTDE EICR-2TWAIERIE. O
E1—H (38D | EREBIRE FIZR-2TWAZE | —H—IZEET 5
WNEhvot=, FHEI—H— F1—H—[FHcS
[TE->TLV=, nigh-ot=, °
Read the User misread the The medical Incorrect Serious injury | The medical device Increase the contrast HF validation
medical device | medical device device display therapy or death display was difficult between the display test
display and display. was difficult to MESf=A | BAEEHRE | toread. background and the text. ABIZEN
determine the | 1 —H—AERE read. &, f=IEE T, EEEBEORTA | TIRTLADEBREXFE | UT—ay
status of the HEBRDRTED EEKFORT AT, NDIAVSAME LIFS, B
patient. HEEDT=, MNERAHEH Mo, Increase the size of the HF validation
EEEEROX font used for critical test
REAIY. information. ABIZEN
BEDIKEE EEBFRERTI 74> | UT—ay
g 5, FDYAXERKET B, FHER
Use non—glare glass on the HF validation
medical device display. test
EREBEOTIRATILIC, ABIIEEN
REFIEASREFRT Yr—i3av
% FLER
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Medical device

Hypothetical Task Failure

Initial risk analysis

Possible root cause

Possible risk control

Evaluation of

Revised

use task HELIZ X7 RBIT w| Y R 7 b Zzbh3ER Zzohd) 27 EH risk control risk anal:
= RS as O Observations of Comments by Clinical Potential effectiveness redesign
i user user consequence harm U R yEH needed?
a—F—Fg 2—HF—a R B PRAE T B2 fE OB | U AU FR
k = (i M : P Et
DB 2
Respond to an Users did not Users could not Alarm Serious The frequency of the | Use alarm tones with HF validation
auditory alarm respond to the hear the alarm condition not injury or alarm signal was too multiple frequency test
signal coming alarm signal. signal. addressed death high for some users components. ABIZEN
from a medical ZBHTFILIZA | A—F—FEHR | BHRAEDK | BLIERK | to hear. BRIV T | ERARBESHORET | VT —3av
device in the —H—DORELE | T FILAECS RIS LA | F£=IE3E ILOREHN. bE | S—LBEFERTS. AE&
next room. hot=, A DoT=, hot=, . VIZHEL BICAR
BOEEIZHD Wa—H—AhVis,
EEgISRNOE The alarm tone was Communicate with the user HF validation
CATKBERE not loud enough for using a distributed alarm test
20 F LI some users to hear. system that does not ABIZEN
Ritd 5, To—LENKEL require hearing. )5F—<3>
Hvof-MOT B | BAZREELGENDEE AR
ZHEWIA—Y—H1 | BRORTLEFANT. 2
f=o —H—Lazaz=Hy—23>
L5,
Pause the alarm | User permanently User thought he Alarm Serious In spite of the text Follow IEC 60601-1-8 and HF validation
signal inactivated the was pausing the condition injury or “silence” appearing do not use the historical test
temporarily. alarm signals. alarm signal. might not be death adjacent to the term “silence,” which has Aﬁaﬁlilf
—EFRIICERS | (X B8R | ZHRTFIILE not FEZ75R B | symbol, the user had different meanings on )5F—<3>
JFrIiLELED DO FIVERES | —FRIICIESHT= addressed F1=13%E confused the alarm— | different equipment. SRER
%o BEICLT=, 2%YfEo1=, EH{H1EEK | T, pause control with IEC 60601-1-8[ZfEL). 18
T b oy B the alarm—off EITERALTIWV-AE &
hot=, control. FI1EFEALAGN, CORE
EEDBEICIETIE | (X BGREICELGSE
RRSINBIZEHD | KTEDONA TS,
Hhog ., 1—F—& Add a confirmation step on HF validation
T5—LD—ZIE | the user interface for test
=7 o—LADTEM permanently inactivating ABIZEN
EZT=. the alarm signals of an J5F—3Y>
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alarm condition.
A—4H—A23—TJx—X
LIS BRI FILORTE
KEEHER T D= DR
Flg#EMT S,

FER

Perform the
procedure.
FlEEETT
60

User did not
respond to a
warning that the
medical device
was overheating.
EEEIRIBEL
LTWBENSE
FHlZHL T, 31—
Y —D% LA

-1z,

User didn’ t
believe the
medical device
warning because
of repeated false
alarms on the
device.
A—HY—IL. &
EHARRLIE
ofzLBL BE
HEBEDELEEE
Chhot=,

The medical
device
overheated
and was
inoperable,
causing delay
of therapy or
absence of
therapy.
EEEL
BEL . BE
TEELARY,
AEMNMEN
f=. £=1&A
B fTHhhn
h-ot=,

Serious
injury
FRNR

&O

User misinterpreted
a valid alarm for a
false alarm
aA—H—I&. B
BHEREREMEE
STHRRLT =,

Reduce the occurrence of HF validation
false alarms associated test
with this problem. ABIZEN
COMREICEET SR%®| | UT—3v
DREEERST HHER
Emphasize warning in user HF validation
manual. test
A—H—TZa7)LTEE | ABIEN
AT 5, r—i3v
Address issue with HF validation
overheating and alarm in test
training. ABIIZEN
BABLVT7S—LOME | YT 3>

EhL—= T TG B,

Medical device Hypothetical Task Failure Initial risk analysis Possible root cause Possible risk control Evaluation of Revised
use task RE LIz ¥ X7 RBIT fE Y 27 58T Zz2bh5ER Zzohd) R EH risk control risk anal:
E RSO Observations of Comments by Clinical Potential effectiveness redesign
H&ERXT user user consequence harm URyEH needed?
a——#E a—HF—aRXy B PR AS 5 BERNZfE DEEFE | U AT FEfE
b * ff B - FRa
DL 2
Connect the User broke the User couldn’ t tell | Delay of Serious Connector is not Redesign the connector to HF validation
components. connector. when the therapy or injury or strong enough. withstand greater torque. test
BREICESE | —H—AH.3FK | connection was absence of death ARTB—DIREMN FYKREVWMLYIZTIZ A | ABIE/N
T5, 93—%E LT, secure so he therapy FREE | +HTIEREL, EMNTERESICaRy4— | UT—ay
over tightened it. | JAEHIEN F1=13%E =B/ 5, HER
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A—H—[F, ax | f=. F=IXA . Connector does not Redesign the connector to HF validation
HB—DFEE(Z EHhfThh provide feedback to provide a snap sound and test
EHisnf=_&M | Bhot=, user when it is feel when it is secure. ABIZEN
AR A YAV Ny i) secure. AR —HDEEIZERS )F—<3>
T.aARY3—% ARIE—HFEEIZ | hi=EEI AFVENST | BHER
RO ITBET BEHishiz&EIC, EFTEANHBESIZaR
LFEof=, A—H—IZFDT7s | V3—FEHFEREHT S,
—F\yohaxrsiz
—hSHELY,
Set up the User connected The two dialysate | Inadequate Serious The connectors on Use different connectors None
hemodialysis the fresh dialysate | containers looked | therapy or injury or the two device ports | on the two device ports
equipment. and the used very similar. toxic therapy death and two dialysate and two dialysate
Mm% EEEZE | dialysate to the 2DDBITRDE | FELNLA FEAIEF | containers were containers so a wrong
BRET D opposite ports. BMNERBICKY | BEIFES | F=E%E identical. connection is not possible.
FEEEHTIREL Tz, TR T, 2DMEBOR—F | 2DDEBOR—NIER
HEBHREY (pak -3 R e S ] FH5ARII—HELU2D0D
DR—MZEHL —BLV200FEN | BMEOEFICHEKRT S
f=o BOBFRICERT S | mIF—EELEHLDICT
axoa—m2<[EL | %,
o=,
The different Redesign the labels on the HF validation
dialysate containers dialysate containers to be test
were not visually more distinctive. ABIZEN
distinctive. BITROBR/ILLYEH y5F—3v
BLLBEMADESR | OHZLDICTEH.F | AR
. \AEMICHED | FLOINIVEEERGT
Hhot=, %o
Start the User pressed the User presumed Delay of Serious User did not Medical device to add HF validation
therapy. “Enter” button that the “Enter” | therapy or injury or understand the prompts to the display to test
BEEHIEY rather than the button would absence of death sequence of medical | remind the user to press ABIZEN
%, “Start” button. start the therapy. | therapy FEZ751RF, | device operation. “Start” to start the )5F—3>
A—Y—(F [R5 | 1—F—& [T | BEASABN | FEE | 2P L ERHE | therapy. AER
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Suction from User connected User did not Extraction of Serious User did not know Revise the labels on the HF validation
the patient’ s the low—suction realize that the body tissues injury or they should not medical device. test
body cavity. medical device to | medical device FHEEZE®EIL | death connect the medical | EE#ERIZHITNILELE | ABITE/N
BEDKREMNS | a high-suction was not THRER. FH11EH | device to a high- B9, r—i3av
KRikEWs|9 vacuum source. supposed to be F1-13%E suction vacuum RER
%, A—H—(F. {EE | connected to a . source. Revise the instructions for | HF validation
WEIDERME | high—suction EEERTEER use. test
*EER5IELE vacuum source. SIETEE(THESL | BURRAEEZEE T3, ABIZEN
HEBICHESGL:, | EEEREST TIEWNFENZEE )7F—=3ay
WEIEEEEIC aA—HF—FHSih SHER
BEHELTIEL T 2>f=, Revise the user training. HF validation
WIéErEa1—H— A—H—r—=U5RE | test
[ERIBEMNOT=, ZEET D, ABITZEN
)F—3ay
FHER
Medical device Hypothetical Task Failure Initial risk analysis Possible root cause Possible risk control Evaluation of Revised
use task BELEZ R RBIT B Y R 5H Zzbh5ER EZxbhd) 2RI EH risk control risk anal:
EFEEES O Observations of Comments by Clinical Potential effectiveness redesign
;4 user user consequence harm U R7EH needed?
o—Y—gE Z—PF—a X BRIRAE 5 BENZfE DEBERFE | U AT B
b & fif . FexET
DB 2
Check the User did not User did not Inadequate Serious Test artifact None %L None 7L No
expiration date check the expect that the therapy injury TANT—FI70k WHEL
on the expiration date. components used | FBENEA RANIR (a1%)
component. dA—H—M_BE | in the test might = .
BERESOEE | HIREHEZELLEA | have expired.
HARZFERR T o7z, HERTHEALR
%, BRESmIEE
HRAHHIEE
BuvELighs-o
Replace the User was not able | The battery door Delay of Serious Opening the battery Redesign the battery HF validation
(dead) battery. to open the was too hard to therapy or injury or compartment door compartment door to test
INYT)—EFR battery open. absence of death required more force require less force and ABIZEN
93, compartment INYTI—EEIED | therapy EZNEZRF, | than some users dexterity to open. J5F—3Y>
door. SR HFEYIZ | BENEN F1=13%E could generate. DIENVATEC BLU. & | FHER
A—H—(F. /Ny | EREMSF-DT, | = F=FE | T INT)—REBDA | (REFEMFHTELTE
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Contains Nonbinding Recommendations

Appendix D
HFE/UE References

D.1 FDA Advice and Guidance Documents

To facilitate premarket review and assist manufacturers, FDA has published advice as well
as device-specific and general guidance documents. As of this writing, FDA advice and
guidance documents relevant to human factors are:

* Human Factors Implications of the New GMP Rule Overall Requirements of the New
Quality System Regulation,

* Design Control Guidance for Medical Device Manufacturers,

* Total Product Life Cycle: Infusion Pump - Premarket Notification [510(Kk)]
Submissions, and

* Design Considerations for Devices Intended for Home Use.

D.2 National and International Standards

FDA has officially recognized device-specific and general consensus standards published
by national and international standards bodies. Standards recognized by FDA as of this
writing related to human factors and the application of HFE/UE to medical devices are
listed in Table D-1. Please note that the currently-recognized standards are noted at
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandards/search.cfm. It is important to
check this page to review the supplementary information sheets (SIS) for all recognized
standards to understand the extent of Agency recognition of each standard.

Table D-1. National and international consensus standards involving HFE/UE and

recognized by FDA.
Standard Title Main Purpose
AAMI/ANSI HE75 Human Factors Engineering — Comprehensive reference that
Design of Medical Devices includes general principles, ,
management of use error risk, design
elements, integrated solutions
ANSI/AAMI/IEC 62366 Medical devices — Application of HFE/UE process applied to all
usability engineering to medical applying HF/usability to medical
devices device design, with consideration of
risk management
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ANSI/AAMI/ISO 14971

Medical Devices — Application of risk
management to medical devices

Risk management process for
medical devices

IEC 60601-1-6 Medical electrical equipment — Provides a bridge between IEC
Part 1-6: General requirements for 60601-1 and ANSI/AAMI/IEC 62366
basic safety and essential
performance — Collateral standard:
Usability
IEC 60601-1-8 Medical electrical equipment — Part | Design standard for alarm systems in

1-8: 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

medical electrical equipment and
systems

IEC 60601-1-11

Medical electrical equipment —

Part 1-11: General requirements for
basic safety and essential
performance — Collateral Standard:
Requirements for medical electrical
equipment and medical electrical
systems used in the home healthcare
environment

Requirements for medical electrical
equipment used in non-clinical
environments, including issues
involving medical device use by lay
users
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