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Definiﬁon https://www.iea.cc/whats/index.html

Ergonomics (or human factors) is the scientific Products

discipline concerned with th IS

interactions among humans and other elements M

of a system, and the profession that applies T o

theory, principles, data and methods o_design o

in order to optimize human weII-bein \? Ergonomics \ .3 ,
vy

overall system performance.
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Human Centered Design

Organizations  Environments

14

Practitioners of ergonomics and ergonomists
contribute to the design and evaluation of tasks,
jobs, products, environments and systems in
order to make the ' , A\

abilities and limitations of people.
Ergonomics u@i' ings that
interact with people in terms of people’s

needs, abilities and limitations.
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Pheasant, S. (1992) Bodyspace: Anthropometry, Ergonomics, and the Design of the Work. London: Taylor & Francis.
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0 - 4063 100
1 Stature 1055 25.9
2 Chest Circumference 302 7.4
3 Sleeve Length 143 35
4 Crotch Height 73 1.8
5 Trunk Circumference 28 0.69
6 Upper Arm Circumference 12 0.29
7 Neck Circumference 6 0.14
8 Waist Circumference 3 0.07
9 Leg Circumference 2 0.04
10 Crotch Length 0 0.00
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Which one has better performance in terms of tremor?
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* Heparin, also known as
unfractionated heparin(UFH),
IS a medication which is used
as an anticoagulant (blood
thinner).

« HEP-LOCK U/P
(Preservative-Free Heparin
Lock Flush Solution, USP) is
a sterile solution for
intravenous flush only. It is
NOT to be used for
anticoagulant therapy.

« How come they are in the
exact the same bottle and
labelled similarly?

Sourcentps:/ www.youtube.com/watch?v=aZqsmUpfRPE
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Cognitive Task Support
Context Dependent
“Workflow Design”

Icons Visualization

Colors & Contrast Memory Aids

Source: https://wwwyoutube.com/watch?v=aZqsmUpfRPE
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User Interface Design
Context Independent
Font Sizes
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Total lives lost per year

DANGEROUS REGULATED ULTRA-SAFE
(>1/1000) (<1/100K)
100,000 -
Driving
10,000 -
el
1,000 -
Scheduled
| : Airlines
100 M‘_’“"t.a'“ Chemical European
Climbing | Manufacturing Railroads
10 - Bungee Chartered Nuclear
Jumping Flights Power
1 : : . : .
1 10 100 1,000 10,000 100,000 1,000,000 10,000,000

Number of encounters for each fatality

Adopted from “Making Sense of Human Factors and Patient Safety” by Nikki Maran, NHS Lothian
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« ABHEZE (human factors) 2iERAABNISE - BE
- [RHEIETTR  EEAFOGENBRETEBEABREZ (
interpersonal relationship ) ~ A#77HE ( human
machlne interface ) SV EEMOlgENE B E 2 MAIZL
CEEW - HEAmBEAEREAEGRE

. LLLXT%&TFTE&/\Z% AREEM! :

BFEARETEEEASREEBEARKRMHEENSHGF -

- EEREmMBAEZEYEEF(U.S. Food and Drug Administration, FDA) FRfERIEE
b AABEKEBINSERRESENEHECONEFERENKRARM -

- BERIEBRARIMEEAS0% MU FEIR{EENKRARH -

- HAEELAN65%HEEEEENSE TR RBARKRRER -

- 1984F—IE2708m ALLHENRBERSIEY : B TEEBESH(adverse
event)iCiEd - B25%RAREABAARKBREZE -

[o}

nt

1Dhillon, B. S. (2008). Human Error in Health Care Reliability technology, human error, and quality in health care. Boca

Raton: CRC Press.
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Applying Human Factors and
Usability Engineering to Medical
Devices

Guidance for Industry and Food
and Drug Administration Staff

Document issued on: February 3, 2016

As of April 3, 2016, this document supersedes “Medical Device Use-Safety:
Incorporating Human Factors Engineering into Risk Management” issued
July 18, 2000.

1. Introduction

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.

U.S. Department of Health and Human Services
Food and Drug Administration

Center for Devices and Radiological Health
Office of Device Evaluation

cpnler for 0

e

Design Considerations for Devices
Intended for Home Use

Guidance for Industry and
Food and Drug Administration Staff

Document issued on November 24, 2014.

This document supersedes “Design Considerations for Devices Intended for
Home Use” issued August 5, 2014.

This document provides clarification about the use of standards applicable to
supply mains (section VII-E-1) and electromagnetic compatibility (section
VII-E-6).

VIII. Human Factors

To understand the hazards associated with the use of a medical device in the home, it is
necessary to have an accurate and complete understanding of how a device will be used.
Understanding and optimizing how people use and interact with technology is the subject of
human factors engineering.
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U.S. Department of Health and Human Services
Food and Drug Administration

Center for Devices and Radiological Health
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Center for Biologics Evaluation and Research
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ADMINISTRATION

4 [5¥ u.s. FOOD & DRUG

Apple Inc.

% Donna-Bea Tillman
Senior Consultant
Biologics Consulting Group
1555 King St, Suite 300
Alexandria, Virginia 22314

Re: DEN180042
Regulation Number: 21 CFR 870.2790
Regulatory Class: Class I1
Product Code: QDB
Dated: August 8,2018
Received: August 9,2018

Dear Donna-Bea Tillman:

September 11, 2018

Trade/Device Name: Irregular Rhythm Notification Feature

Regulation Name: Photoplethysmograph analysis software for over-the-counter use

IpZY U.S. FOOD & DRUG

ADMINISTRATION

Apple Inc.

% Donna-Bea Tillman

Senior Consultant, Biologics Consulting Group
Biologices Consulting Group, Inc.

1555 King St, Suite 300

Alexandria, Virginia 22314

Re: DEN180044
Trade/Device Name: ECG App
Regulation Number: 21 CFR 870.2345

Regulatory Class: Class 1T
Product Code: QDA
Dated: August 13,2018
Received: August 14,2018

Dear Donna-Bea Tillman:

September 11, 2018

Regulation Name: Electrocardiograph software for over-the-counter use

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration (FDA) has
completed its review of your De Novo request for classification of the Irregular Rhythm Notification
Feature, an over-the-counter device under 21 CFR Part 801 Subpart C with the following indications for use:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration (FDA) has
completed its review of your De Novo request for classification of the ECG App, an over-the-counter device
under 21 CFR Part 801 Subpart C, with the following indications for use:

The Irregular Rhythm Notification Feature is a software-only mobile medical application that is

intended to be used with the Apple Watch. The feature analyzes pulse rate data to identify episodes of

irregular heart rhythms suggestive of atrial fibrillation (AFib) and provides a notification to the user.
L o L L " L

The ECG app is a software-only mobile medical application intended for use with the Apple Watch
to create, record, store, transfer, and display a single channel electrocardiogram (ECG) similar to a
Lead I ECG. The ECG app determines the presence of atrial fibrillation (AFib) or sinus rhythm on a

p—
Table | — Identified Risks to Health and Mitigation Measures Table 1 — Identified Risks to Health and Mitigation Measures
Identified Risk Mitigation Measures Identified Risks to Health Mitigation Measures

Poor quality incoming PPG signal resulting
in failure to detect irregular heart rhythms

Clinical performance testing
Human factors testing

Labeling
Misinterpretation and/or over-reliance on Human factors testing
device output, leading to: Labeling

¢ Failure to seck treatment despite
acute symptoms (e.g., fluttering
sensation in the chest,
lightheadedness, and irregular pulse)

* Discontinuing or modifying treatment
for chronic heart condition

U.S. Food & Drug Administration
10903 New Hampshire Avenue
Silver Spring, MD 20993

v fda.gov.

Poor quality ECG signal resulting in failure to
detect arrhythmia

Clinical performance testing
Human factors testing
Labeling

Misinterpretation and/or over-reliance on
device output, leading to:
e Failure to seek treatment despite acute
symptoms
¢ Discontinuing or modifying treatment
for chronic heart condition

Human factors testing
Labeling

U.S. Food & Drug Administration
10903 New Hampshire Avenue
Silver Spring, MD 20993

www.fda.gov

MEZABRTEERERERES

Joint Commission of Taiwan

36

QEIEERZAS




tional Talwan University of. S¢ience and Technology National Taiwan Univer

38 A A B 12 P31 &5 7 J3 P

PULITN
»
. N

-1 Jan: HEEABRT SRR RERE EVE—% " F 2
LA ‘7“‘ /AN T[C: : mﬁ joint Commnission of Taiwl:;l::n’gﬁiilEl Q —\_z % /g *4 ?i * 'E";‘j.

37



A

o BEHFHRE AR ERIE
=Ll F3FERE] ;
— OJfA%ET . BFEMR KT R o HARZEE
BRI /\( =2 E5%IileZ95%ileRET
AME) -

— thmEeat - EEBENSE (95%ilest
AlME ) DAKNE Bm%?é?:tf’jﬁ"]mr (
50/()||e|:|-|_//E (=] )

- L’i’Jnsc:.Jr ERETRIERIRF I EREEE
}_IIIIII - BN o BlUEEZ @GR FE (

=SS BHZATEEZY D ATTE)

~ TAIWANTECH (Pl © 3 E MR A S

38

\
InI



Jack- Human Modeling and Simulation Tool.mp4
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Height of objects 2 ————ta—-— 4 é
= ;E being handled P — ----brq o %
n Knee = Overhead '™ 4 % nusE
I clearance 1'[71"“"“ -8 = 25~-31in
10.¢m (4in) s inl:l £ (63~78 cm)

Optimal

=2ET ) o \ |

Floor level
Foot height Foot depth
clearance clearance
10 cm (4 in) 13 cm (5 in)
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Viewing

Q2

A

distance
0° Elevation

200.7cm

“«——— Q2height 4>I

T
4

User’s eye <

Off-normial viewing angle

Difference

position
(standing or
seated)

Floor

I

Eye height

|

Calculated (Off-Normal) Viewing Angles with High Vertical Position, in cm (in.)

User

Sth-percentile female—standing
Sth-percentile female—stool (30 in.)
Sth-percentile female—stool (24 in.)
Sth-percentile male—standing
Sth-percentile male—stool (30 in.)
Sth-percentile male—stool (24 in.)

User Eye Height

142.0 (55.9)
145.2 (57.2)
130.0 (51.2)
159.5 (67.8)
150.2 (59.1)
135.0 (53.1)

Joint Commission of Taiwan

40
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Difference Viewing Angle (°)
58.7 (23.1) 52.1
55.5(21.9) (

70.7 (27.8) @
41.2 (16.2) 42.0

50.5 (19.9) 47.8

65.7 (25.9) 55.2
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« Viewing ___,
distance
Off-
nlorrr.lal A
ng"l\:ng \
- Q 0° ElevaﬁDolﬁergD&ght
88.3cm %
O =
i Floor !
Calculated (Off-Normal) Viewing Angles with Low Vertical Position, in cm (in.)
User User Eye Height Difference Viewing Angle (°)
95th-percentile female—standing 163.0 (64.2) 74.7 (29.4) 58.5

95th-percentile male—standing 182.5 (71.9) 942 (37.1)

An LCD display that could accommodate a range of +64
to — 57 viewing angles should be selected.

{ajjD); ARG R ERERRE © B 37 2 F 5%k
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W |f this operation were critical,
the range should be extended
by use of the 1st- to 99th-
percentile values (90.7-117.1
cm, possibly through

regression?).
Percentile
Gender 5th 50th 95th Reference

Male 99.6 (39.2) 106.9 (42.1) 114.0 (44.9) ) White and Churchill (1971)
(computed)
Female (Japanese) 98.6 (38.8) 104.1 (41.0)  National Aeronautics and Space

Administration (1978a,b,¢)

QD “"g*‘“i%%ﬁ © B 37 2 F 5%k
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blood anal zer protot pe

Male Female
Ref. Percentile Percentile
No.? Dimension 5th 50th 95th 5th 50th 95th
15 Hand thickness 2.70 (1.06) 3.30(1.30) | 3.80(1.50) |2.40(0.94) 2.80(1.10) 3.30(1.30)
(metacarpal)
16 Hand thickness 440 (1.73) 5.10(2.01) | 5.80(2.28) |4.00 (1.57) 4.50(1.77) 5.00(1.97)
(including thumb)
. O wms TREEREREEEE 7 L m ey
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Ref.

No.? Dimension

8  Thumb breadth (at

internhalaneeal ioint)
15 Hand thickness

(metacarpal)

National Taiwan University of. S¢iénce and Technology National Taiwan Univers

a lockbox for a portable infusion pump

Male Female
Percentile Percentile
5th 50th 95th 5th 50th 95th
2.00 (0.79) 2.30(0.91) |2.60 (1.02) 11.70(0.67) 1.90(0.75) 2.10(0.83)
2.70 (1.06) 3.30(1.30) | 3.80 (1.50) |2.40(0.94) 2.80(1.10) 3.30(1.30)
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van University of Science and Technology National Taiwan University oESclence and Technology National Taiwan University of S

o LF/RBRBERRRRET L -

Start 4.547 3.541 Highly Risky

o v sLce000 M€ mg  ssTT 1877 Risky

| A EF E'j; (16.1 k) . Start = 8181  1.968 Risky

11% T?F %E A E % Bl ¢ A \ Lowerllg gy 9732 1718 Risky
Litng St 4427 2146 Highly Risky

—— SLA-1500 ‘ End | 5600 | 1.696 Risky

(95 kg) X Start | 7.530 | 1.262 Risky

1’E / 1$ XY E % gl\ HR |:| ORI R O TS Risky

—— . Start =~ 4532  1.231 Risky

—_ SA-300 Mg End | 7823 | 0713 Safe

1/'E H % 1 E EIJ # g D N (B58Kke) | oo, Strt 8470 0659 Safe

’ Y End 8893  0.627 Saf
- | An._,\ ==} = | - - -

Note: RWL (Recommended Weight Limit), LI (Lifting Index), Highly
Risky (LI>3), Risky (1<LI=3), Safe (LI=1)

MR - EEHS - LUEZ#E’WHEH
if e Jl,p R

- EHZEMN G LEWRULA
* REBA - OWAS - NIOSH
Lifting EquationZs

« WERGEHIEEE
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G M/ REESER Q) B 37 = R A

45




« ARRBROUERS  H—ERETISEULRN - HFEH

_JZ%EHHE’JA’“E 2.%*“-% MEFAEEZNHELES - Hz
SHERAREBFER -

AR TIZR0ER B A%%nﬂﬁ% #7t B RE Y rf’HﬁJ (
symptom ) T JEREA (cause) - ABKREBEERRMA
HRIEABEEEFRSIRE - DIBEZRSAA - ZYWEITER -
BEREENRETAR - KRE2ELCHIEFRS  Bl2R2HAE
AZLZZWEZE (inherent lack of unsafety ) ;
BEAMTTNARENREZIRAASLREZEEEAEN
TRIRIE ~ EmRsBEEIIERE 2B B (A0S E
ABEEVINTTAREZIZH TSHE ( making sense ) {8
f5 aR AV FI ) -

.|I|n
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dal Taiwan University of Science and Tec

@ supLek A FIREE
X FAE_ R R T A A EAEL N SR B R R
ARAFEITEAADEH A AFAEE R Ao
As A EAT L P iR Sldz A 5 A FenFl & el P R
%%://%;,,%dxﬁx{—eim’ﬁﬂ ?%,ﬁs‘a‘uﬂxb{%:&’iﬁm?"ﬁ %,
ECEERET T B Fg AR LB LT KR LR
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v
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van University of Science and Technology National =1‘:‘..f'i'

g -¢V‘J3 National Taiwan University of Scie

10
i 9&55&
— AR R ERFH LEEIZR
RAEEE . EEEARENABEREERNIRIESTZE
KRR . mMEEF LB FNEE
e REZIFEZERENIHENEREATS
o« RZABAWHOEMNAFRE=FEZ R BT EE
« TEFEFTENAEBE AE AR
x*JII 4 B AMTEEEESEEARIEDIINGEAR
; IBHEHE ( Refresher Training ) EBMNER -
;Q-l; . az/ﬁﬁ%\,ﬁxj n'iFA’F\_’lgEnéu 'ﬂE ( Error
Exclusion, AIANEA=R ) ~ AR RKREVEMR Inm A 2E (
Error Prevention , BINEEE 2% ) o &R E A SR
BEREMEEM ( Fail-safe, BN &R E 2L K5R )
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an University of Science and Technology National Tali¥an Un ersity. lonal Taiwan University of Science and Tec

of S¢
R
o Sy

and Technology Nati
\ a2y E #
2FEHE?

o #F(Novice users) : HIFFEERBERYM - RAKERI K ERIBIRE
FE> R At iriE API4EF(Quick Guide)EAE B (Reset)INEE

« —AR{EFAZ&(Occasional users) : S A @ZBEE:SM(FE A& B
A BRIFAE >R B E 2L 5 Ha57 BF

o BEHFERAZE (Transfer users) : E&FEAB IR LM (IBIFEETELR
M) BER—MEBERSMERALRBELA—EENERSEEERME
ZE->REEHRES  BRERIKERENERLR

- BEXRERE(Expertusers) : BEARVHNEERE  E20DI#E/
MwiEzn , HATEEE - ZHEEIR N EBERERINERAER
R E > R U REIREZEN FRE RIS 2 1E

« SMT A(Laypersons) : IEEEAES - 0gERRE - MENXA - BBk
- EEENERAES - Min(lBUEEASESHNEMNEFGE - D
KiERARBES> IR A (Error tolerance) - B ¥HEIAESEE -

TAIWAN TECH () friiiinipiriiain QEIEERKEAS
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« BFF ( Error Containment/Error Tolerant ) G EEH N

T {EEM O MR ERERZNER - DFFIRIEEEERE
Gx %%‘E%’Jﬁhﬂﬂi’é%ﬁ - BLERERIE AR (Z1IE ( Recover ) 5k
0 R i A -

¢ i \,\ETLXLL_FEUE’JTU“CLEX

- IR EERRAEIFIR NAIEIEEIEE ( Current
Feedback)

- IRHIRIEEARRRARER ( Future Consequence ) BY
= pil

- BETAEAIRIEA R
- ATIRFEE_REBRER/EENE

() irettliiimepai QEIEERZAS
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Iniversity of Science and Tec

Table 1

Overview of when training may or may not be appropriate as a human factors approach to improve patient safety

Training is likely an appropriate human factors approach
to patient safety if...

Training is likely an inappropriate human factors approach

to

patient safety if...

A. The goal is for individuals to become familiar with new technologies,
tools or devices to learn about the available options and functions (eg,
training a physician when s/he is first introduced to an electronic health
record; training when first learning how to use laparoscopic tools).
Training should mclude knowledge about strengths and limitations of
specific technologies.”'

B. It allows individuals to develop and test new techniques or practice
evidence-based techniques in a safe, low risk environment (eg, simulation
of operating room to practice a team communication technlque that has
been demonstrated to improve situational awareness.*?)

C. It provides a mechanism for individuals to gain experience with
specialised techniques that involve sensorimotor skills (eg, performing
surgeries and catheter insertions with supervision or in a simulated
environment).

D. It is used to instantiate knowledge in realistic scenarios, such as to
practice or test procedures for emergency situations (eg, rapid response).

E. Other system components are considered first, redesigned, and addressed
using human factors expertise and principles and no other system
changes can possibly be made.

33 34

A.

B.

The goal is for individuals to stop using technologies, tools or devices
'in the wrong way'. (This is described as the ‘bad apple’ fallacy.*> *°)

It is an attempt to change innate human characteristics or imperfections
(eg, staff meeting to 'be more vigilant” unlikely to lead to sustainable
safety improvements.?)

. It is intended to address a type of error that is occurring across multiple

people. (This |nd|cates the system design does not match human
characteristics®” and that system changes, not training, are needed.)

. Individuals have been previously trained about the safety issue(s) and

the problem persists. (Additional training is unlikely to be effective. The
phenomenon above indicates there is an issue with other system
components.”°)

. Training is the only safety intervention or the primary intervention used,

especially when other system components have not been carefully
considered and modified first.

Source: Russ, A. L., Fairbanks, R. J., Karsh, B. T., Militello, L. G., Saleem, J. J., & Wears, R. L. (2013). The science of human factors: separating fact from

fiction. BMJ Qual Saf, 22(10), 802-808.
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van University of Sc¢ience

and Technology National Talwan University ol Science and Technology National Taiwan University of S

K BRAEA L3N 4 A ik
BAX KGR HEBEFSBAEL S ¥ ok dl 35 Z PP 69 — B

(substitution errors) | —fEEH| % - REALEF 3 fha &) > [ 2, 4 3B
Z0% > @0k S Bp I B AR EREAGHLLT S

BIEH B -

31

A KR
(adjustment errors)

] B AR A R
RAE SRR B K
BN B — i B I
BOARIIRE AT -

FOH 1B B 0 A P R
SH4HiE #] B BB A2 103t
3t

(Sl is kL

EE kR

(forgetting errors)

5T AT e HE - BT
B$h ~ AR & SE I B
Ko ReEnik o

RIF I RE PR HRIE ] B AF d
#hek SOP 34244 Mg F 4T

HA M) 44 2% HIER BB E T mHR ho IEFE H] B 695 By Ae Bt
(reversal errors) T ° )BT 4t H e o ( movement comparibility )
BB ELE F£ 7R fo 7 52 o] 2 A 0 BR $ wet ok (ofREE)
(Unintentional | T Ras#AEaydEHl & Ho3s 5 % (fool-prof) 975 44
activation ) (‘error tolerance )
BIRBR WA BEAE KR - fAEER G RIFARITREREEL 2
(inability to reach) | 71 64 B4 » 7% K F e AT R G0

R ER S -

TAIWAN TECH

%

52

Joint Commission of Taiwan

%ﬁ@z%Q%Agﬁﬁ%ggﬁﬂﬁﬁﬁg
n"’”m,.m ﬂ\«i‘s

QEIEERZAS




= E | P RERYIES B

*Weinger, M. B., Gardner-Bonneau, D. J., & Wiklund, M. E. (2010). Handbook of human factors in medical device design. CRC Press.

QEIEERZAS

Controls

Push buttons

Toggle switches
Continuous
thumbwheels
Thumbwheels with
discrete stops
Rotary knobs
Levers
Rocker switches
Sliders
Key-operated
controls
Membrane controls

Applications

Continuous

Discrete Steps Multiple States

SIS

Control Panel-Type Controls

v v
v v
4 4

v
v 4

EABE T EEEERERES
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Two States

O @

Emergency
Start/Stop




van University of Science and Technology National Talwan University ofSeience and Technology National Taiwan University of Science ar

« BEEEES/ABEER

e RS ROVFTHE ERIR RSN

BN RAEH BN SIaE/KEE

SN REERE & 51 S ERENIF 69B 1418k
BHNERKETBRER SN EHERFER  2RABTRR
A RBENZIERIE BEVUBRRME

RERE (RREST) UBEARE REEENBERG

FEE TR FEERREREE

- ESHIRECHEER/ELNRA
- BBBRESARM "HER, 2 T KA, BOEEZBBEENREIER
- #17 " XKX L BUEBFREBRIER - |EESMRAEHRKAECS
- EEERENEZEAKEEREENRBE SR

- HEERBEESEMR (5 TEEKTIE  FASHEE)
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Y e |
o 2EFHIE
Poor: No definitive or consistent
style; poor writing

The Red Button will start up the pump.

Zeroing the pressure sensor requires
pressing the Zero Key.

When the battery is charged up to the
maximum level, you can switch over
from AC power to DC power.

« BEFEENERRER

£ HY 3 R

J

Acceptable: Describe the action,
then the goal.

Press the Red Button to start the
pump.

Press the Zero Key to zero the
pressure sensor.

Be sure the battery is fully charged
before switching from AC to DC
power.

7-Color Code 6-Color Code 5-Color Code 4-Color Code
n p n p n p n P
5R 1008 IR 999 IR 999 IR 999
3YR 890 3YR 890 TYR 884 1Y 946
5Y 1128 9Y 1131 7GY 960 9G 1099
1G 1103 5G 1101 1B 1093 1P 1135
7BG 1095 5B 1087 5P 1007
7PB 1133 9p 1005
3RP 1003
TAIWAN TECH E“n MEZABR T EERERERES
CEAL B L LA = LI ‘%% /E Joint Commission of Taiwan
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Better: Describe the goal,
then the action.

To start the pump, press the
Red Button.

To zero the pressure sensor,
press the Zero Key.

Before switching from AC to
DC power, be sure the battery

is fully charged.
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1ZHAPh R (Foolproof) ol & B i 45 IR RV =R B E 1 5 =0
KEZER - BEIEFEHB OIS MiEEE (Force
connections) - X‘IEEEE’“"%Uiﬁixﬂﬁ(Adapter)E’J@ﬁﬁ

,; e e

E*E%‘ - ' == s A ECGEmETMRmET
Clat bg . = e o EBIREIEE

-TEIEE (b)

W EREMECGHETE

FIGURE 9.1 Typical connectors on medical devices in the patient environment: (1) threaded col- gy

lar on a sigmoidoscope fiber-optic cable, (2) female Luer connector on a radial artery catheter, (3) ‘\“‘ -

male Luer lock on oxygen tubing, (4) threaded connectors on a noninvasive blood pressure monitor, ‘ };t 1 3 E/J $$ };t EE 2
(5) parallel blade plug on a hospital grade power cord, (6) Chemetron-style male oxygen connector 4 a

on a gas hose, (7) phone plug on an airway temperature sensor, (8) barbed connector on tubing for ' fE nb:l i‘lﬂ @ j:;t §U4

liquid transfer, (9) molded female connector on tubing, (10) multipin electrical connector on a pulse
oximeter sensor, (11) multipin electrical connector on an ECG cable, (12) Y-piece on a neonatal
endotracheal tube, (13) ECG electrode connected to cable clip on ECG lead, and (14) piercing pin
to intravenous solution bag.

w RS )

*Weinger, M. B., Gardner-Bonneau, D. J., & Wiklund, M. E. (2010). Handbook of human factors in medical device design. CRC Press.
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Ensure Simplicity, Safety and
Avoid Errors

m Designers should focus on meeting the high-level
design principles before they perfect the details.

m Simpler is usually better, but designers have to be
careful about eliminating advanced features that offer
real value to sophisticated users.

' i 2. SILVER WINNER: HARMONIC
m A manufacturer should consider developing two FOCUS + Shears with Adaptive
devices rather than a single, compromised version. Tissue Technology. manufactured

-| and submitted by Ethicon (United
- States of America)
LN

HARMONIC FOCUS®+ Shears with
Adaptive Tissue Technology are the

only device surgeons need for fine

N ‘u-w \ \‘ dissection and sealing of vessels up to Smm and lymphatics in open procedures.

This can mean shorter procedures and better outcomes in the operating room

E True sisicho-throvsd
True straight-through

Accommodate User =
Characteristics and Capabilities S

/ exit from the back of the
T ‘ff’ m Formulation of personas (also called user profiles of ’ \\ i
A A typical users) can be done by fieldwork to study 4
9 ﬁ#} ) iverse individuals with different sizes, shapes, physical o aomak gt I
)"q‘l-‘ i) '\ abilities, intellectual capabilities, experiences, and so =
o on.

« Revolving nose cone for
optimal control

m Designers should make devices more accessible to
users with physical or sensory impairments and more
d usable by people with disabilities.

Darylé ].‘Véar(’i[n’e“s-Bonneau

CRC Press
FIGURE 16.35  Grip force exerted as a func-
tion of grip opening. (Salvendy, G. Handbook
of Human Factors and Ergonomics (2nd ed.),
FIGURE 16.34  Grip span during use of a sur-  Reprinted from John Wiley & Sons, Inc. With

Tayhor & Franchs Group :
VL ;
s
gical instrument. permission.)
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THE ‘NO ONE ELSE UNDERSTANDS HEALTHCARE® FALLACY
Designers of HIT need to have a deep, rich, and nuanced
understanding of healthcare. However, it is misguided to believe
that healthcare is unique or that no one outside of the domain
could possibly understand it. This fallacy mistakes a condition
that is necessary for success (ie, the design team must include
clinicians in the design process) from one that is sufficient (ie,
only clinicians can understand and solve complex HIT issues).
‘Teams of well-intentioned clinicians and software engineers may
believe that understanding of clinical processes coupled with
clever programming can solve the challenges facing healthcare.
But such teams typically will not have the requisite breadth and
depth of theories, tools, and ideas to develop robust and usable
systems. By seeing only what they know, such teams do not
understand how clinical work is really carried out, what clini-
cians’ real needs are, and where the potential hazards and
leverage points lie. As a result, problems have been framed too
narrowly, leading to impoverished designs and disappointing
‘solutions’.®’

Understanding what would help people in their complex work
is not as simple as asking them what they want®*—an all too
common approach in HIT design. People’s ideas for what should
be part of HIT design are hypotheses based on their perceptions of
the world.?” Like all hypotheses, some or many could be wrong.
Furthermore, most clinicians are not experts in device design, user

acies in Healthcare

interface design, or the relationship between HIT design and
performance. What clinicians say they want may be limited by
their own understanding of the complexity of their work or even
their design vocabulary. Thus, simply asking clinicians (or any
end-user, for that matter) what they want and giving it to them is
not a wise approach. What clinicians want and what will actually
improve their work may be quite different.

THE 'FATHER KNOWS BEST" FALLACY

While HIT has been sold as a solution to healthcare’s quality and
efficiency problems, most of the benefits of current HIT systems
accrue to entities upstream from direct patient care proc-
esses’“—hospital administrators, quality improvement profes-
sionals, payors, regulators, and the government.”® In contrast,
those who suffer the costs of poorly designed and inefficient
HIT are front-line providers, clerks, and patients. Thus, most
HIT has been designed to meet the needs of people who do not
have to enter, interact with, or manage the primary (ie, raw)
data. This mismatch between who benefits and who pays leads
to incomplete or inaccurate data entry (‘garbage in—garbage
out’), inefficiency, workarounds, and poor adoption.”* This
fundamental principle has been expressed as Grudin’s Law, one
form of which is: “When those who benefit from a technology
are not those who do the work, then the technology is likely to
fail or be subverted.””

Source: Karsh, B. T., Weinger, M. B., Abbott, P. A., & Wears, R. L. (2010). Health information technology: fallacies and sober realities. Journal of the

American medical informatics Association, 17(6), 617-623.
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« B LEBRBARRRNREAEERABRDAEFAENKRY
ok BIRESS C BT - RiE - BBAR faEbﬂE’J'”*ﬂ)’E
B . DISORRKGZS - B2 EERARMANIRE

— WRBIRMEERNFEETI2EERASGRKANRE - RIoJEEERI(F
FHEMEERREIEX

- MRBIVEEEEER R BEEENEEAL

- MRRZERCUEFABVERRRET - FEIMENEK -
HRTREERG>BEBIEE rBEABMKERBENAE

ﬁD%T’T? L H SV AR M (E S MR DR ZERR. (B
A CBEHEEBECEMEE - AAEEANSEAE) 15@@
iﬁiﬁlﬁl@%%é\f\ B (@Jﬁ[l jiffparalysis agentgift |
pifilreversal agent) - w EBENE ? =
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»»»»»»» H2RW?

« {ROJBERVZIE :

R ARBENREMEH | REWZIE " 5L TEMKRBRVE
I8 OpcEEEEEUER (AW "EAREERBNE 7?2
WA BEEMEZEGE ? 1 ) ;

= AR EIIREMAVINOIE RS ( near-miss - 15EVIEZEY)B
FENEHEaERMAZEERAET L)  RUBEEROBERS
HRUZRERE (FIW . "REEERE ? RORKBHTABRENS ?
mifREs! L)

- MREBEREBE  REBELRERERE  BEABRUERARBEC
Wi &Y - mMERsnEtNREA -

s RENGREZAZH A SRZEE—EFERAP

« BERASMAKZENSTERROIEEBEXREINAEEERE
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A group of scientists placed 5 monkeys in a Every time a monkey went up the ladder, the After a while, every time a monkey went up
cage and in the middle, a ladder with bananas ~ scientists soaked the rest of the monkeys with  the Jadder; the others beat up the one on the

on the top. ladder.
5 Scientists then decided to substitute f th A 2™ monkey was substituted and the same occurred.
After some time, no monkey dare to 90.Up m::\key& Th: 1t thing th?sunew mo:kneey‘:ibd :Jas to The 1% monkey participated on the beating for the 2™
the ladder regardless of the temptation. go up the ladder. Immediately the other monk key. A 3% monkey was changed and the same was
sk i i 7 L repeated (beating). The 4 was substituted and the
s After several beatings, beating was repeated and finally the 5% monkey was
the new member learned =) replaced.

not to climb the ladder
even though never knew

i 25y

What was left was a group of 5 monkeys that 1 * @5 possible to ask the monkeys why they woud beat up

» R

Ran

| all those who attempted to go up the ladder..... Don't miss the opportunity to share this with
evggng‘::gdhtgeggtﬁe'a":f xg’m’;en LDk you U anower, Woldd e others as they might be asking themselves
“I don’t know — that's how thi doi nd why we continue to do what we are doing if
attempted to climb the ladder. s T S

there is a different way out there.

(&34
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Does it sounds familiar?
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« BEERKIMWARREZ(human factors)Ra&FARIEE
MAVREAR - EEE— DM NS Z T RNIEAREE
(root cause) - MIERFBERKEFELENRABHEZEEA -

o ABWVERREZEREMI NRKEFRIEE TIBRHIZRIRIE 2
meE - Al - RABBRAMLZENFRERIZIBEAR/K
REIRBERABN TIFIRIE - FRES/&AE/WEAE
F_J’EnanrZF'aﬁE’JE% 5% - IMEIERAMEZE—IREEE
ABRITEXK  ge N PRI -

. B “FE%(%D%i SERABNGEEUREEENGE -
T alEE R R IR T BB R L = )R IEHE -
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| n‘ve. u. sehr
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« KERLIR(Speak Up) : EAHRIZEGEIEREE RIS
D)>FEEEAZR "HE—REL L )>(BR)DTE
> IR (ER) RS NS>EEHEHE BN . BRIEE ?)E
TROzLEERERR -

- REKEKFB (Fallacy of Social Redundancy) : HiFtEE R~ E
At ENAR O BEE@RIREER G E - RABXZEAMBLE
SRMREBSSIFHAEEENZIEH - LEZSIEE
1 ?) - SRIBSRIETAMBVNARRRTEREK T -

- EERIZIT{E(Diversity) : TRBTREEEARRFET - 2
TS HECREAAERTEEHFEIERE)R—FSENE
(High-ability Individuals) 75 & /Y3 14 (B ] 22 281K 05 B2
REFEM -
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1. REGR/INKRER(Tracking small failures) : 52BN IRFSFRLI R EE
ff(incidents/near misses) - W HIESEHEPED -

2. EEIBERE{E(Resisting oversimplification) : 2 THEEBEZHKAS
VSR M - BIRcELRTEE Y - SRFB U AR B B RRY T EXH
(nuanced and realistic working knowledge) U BE29TE I Dl BE 88 &
HIKER

3. HERMMTEHEABBEE (Sensitivity to operations) : B EE
AHEPIEE LI KB TAKAVE (I (the sharp and blunt ends of
healthcare organizations) - 1/ B & AE#E -

4. ZI1E M (Resilience) : BIAANARKRRE O & - EINEEEE K
ZixtE (variability) IEREAHE - FFEEEIREF AAZBELEH
- FBIE B IEERR P RE

5. BEH# (Deference to expertise) : ERERRAIKEZEEARE/
HE@ M EERE -

1Roberts KH, Bea R. Must accidents happen? Lessons from high-reliability organizations. Academy of Management Executive 2001:15(3):70—78.
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o t@1Z3=(Checklist)
« RAEFRED#(Root Cause Analysis, RCA)

o ANBKRMER S M (Human Failure Modes and Effects
Analysis, HFMEA)

- BBERITE/2 M (Hierarchical Task Analysis, HTA)

« ARFEEEE (Service Blueprint)

- BXREZHAEAHERCAEHFMEAR SRR REE -

« EZMABOFEESHT(Human Reliability Analysis) T2
oJ£3%[yons, M., et al (2004). Human reliability
analysis in healthcare: a review of techniques.
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參考資料/Human reliability analysis in healthcare_ A Review of Techniques.pdf
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AII&;EI?‘E

« ZiRIE/BER{EERE ( BRI BRET 2
UAE R EHG ) PESS AR (52R A
= TEFE - I T EBCISE )

. Kﬁﬁlﬁﬁi’% B E R EBAAMEES (LEED
P RARAE - ZERANEESREE - Rl
MR BRI RBE )

« ALEZ= vs. AR ( ERK R IERERIE B
EAEEX )

- ARI#EEMIE (ERAT ARETRETSS
{EZ=ZAIERET )
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fffffff HRHRRR R

o —MNARTFOADEAAEMSESEY « BRI EHEEE A
A BEEE S| #EMBIFREIE A ELTE - MEEHH
I ITAE (SR L/EERR ) alge ERM A E LIFHIENIES
Bl - EBEEE -

— BN - EFHEF R oSS St EZGE SR EENERE
BHAMATHEZEAKBEZ  TEERZMIEHNZENE
15 - MIFTEE IR A - DFERINEEERALDE) -
I ol BE R N S BB R E & -

— R oI 2k T BB #){E(clumsy automation) s - RZi#%
TEEFh7E - MIFEEMNRVIIERE  HRAREEREENT
EFERERER WREDEIRE NN LIE (HIMNEE) - WHEE
LTEMNMREREAM TOICHENAES L (HINAREIREE )
ERABALEAEIC  c AEAESOH ; MELINTHMNMANXNEEES
RS EE =g - IR TLEEEZNAR -
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o 3L ESIR{EHE FmEE(Electronic Medical Record,
EMR)E’JT%‘E”;’E’“‘C:L‘[FE\E&*SZ% :
— IBINFE MR EIMEVEE - BRAAMFIAE THESZEKBEZ  WEBEXIR
R&2MIRHERZENEIR - RAIERRBE EFNEE B FESE
- EAEEEZINHUENTEZALEE - AU TEEEIE
BIM{CEZGEEEESkES - MIFERZERA - DIFNRVEEE
@ﬁ)\ﬁ%ﬂ EIEER e
. EREISEIIEEE (Bar Coding Medication
Administration, BCMA )#25IR =S EEE A S EENES
(walk-around - BIR0TE T +] 2275 5 uf‘EFUﬂ,\ BE) - A 5 5 i
EBEEPEIRFEFMENAVES
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Task Allocation Time

F Y
n
&

HPre-implementation N Go-live N Post-implementation

w&&
2 2 3

Percentage of Observation Session
~N ;]
u
2 R

15% -
10% -
5% A
0% -
Computer Verbal Communication Patient Room Paper
Task
Source: https://www.youtube.com/watch?v=aZqsmUpfRPE
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Tasks Per Minute

100%

90%

BO% -
H
3 70% -
% pronsl
-S W Four Tasks

S0%
o B Three Tasks
-
° 40% @ Two Tasks
E O One Task
B 30%
a

20%

109 -

Pre-Implementation Go-Live Post-Implementation
Phase

Source: https://www.youtube.com/watch?v=aZqsmUpfRPE

TN ARG TR RER AR 7 - = ey
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HEMCEBRCEENEREFTRASNEUER - BA

EHRELEMNAVER:
E - A2 fRs

5B Eh e
EI - REEEARENE

ENANERA EE R EERIE
SRR EIFTRE

i /Jr—HEx—@JiZDLiF/\EHUFhaﬁf'ﬂ%ﬁ’]ﬁﬁs/JrJr Eili5;

T oBEE/ERA

) -
% BRI R

(workload bottleneck)

& - [OfE - EARAEGEC

= = 0h
Bm=

SIEEAMMAYFT B
HeE (Al EELZRNERE

—1@%’@%?&}52:

SRS EZH
IR E S E

Z1’E HY#R SR

SHRE
AR AR T AL

7|_’|'%Bz\ﬁ’ﬁ§ AR

ﬁkﬁﬁﬁEI’J_J’E

RN AZZ=HBEECEFRRENERS - B2 EHE

SEAET IR E B[O
(Blung=sEE ) -
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v \

3R 5 (R 2B

o YIRET  HRFBEIEMIEZEZEOIEMI0% LIERIE - ALEIENN5E =
ENERE2ETIERER=7?

o BERTTEDL AREBERARSIIETAIZRGE
HFUBEmZEH - TA—UmAZEEVHE -
IS B HIER IR R ETR /) F g ol m 42 w15
=E - BAIRGEAARREHNIEE - 3R
J)olgE EREAMEINRER - TiEfl. EEE
ESF TIEABBRRENEZEL - (AZREE
WoARGFAMAEREIRE - BB E2AAI RSB ETE
NAERAEIE - BEREZE AZNAE ANTE
- R EE - )

« HEEHEMIBIRE 8T
- BEECEFRHE  c ERART] (T "ERTEANISZEEBERANESE ., MIBE

BE  BEBEREmKRBEEESEE) ?
— tRHIBAIZZBVFIE (ARG ? )  BEBRAET "IRABBRRENEZE. ( Bz
MEEE 0B " ERTEEEMRRERIE BE ) ?
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. %EEEE%E@ZE?E?Zﬁ# BA (TEREERAE ? ) BEIErVE
ZZS3 " AERYEETE 4

. ””E"% CED - EEEERNER - RATHFERSE
ERAE THRFIER . AR BEABTHRERRE
TREWRR ., ERFEAEIIRENLE (FR? )

e MFARTIEMEEHEBEFREEREHIDERAZE -

FEENErENEATERIRIETERES ASNREH
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o ZEN(CWIEE - BUHIASIIER - AEERERETE

iEt  UERFEBEAER KN IFRIEZES T HEESR

i ARTLTRE (AN TIER ZEZEBMAIERET - R 18

@@E )  RAMARTIRE (AN EISERZLNORE] -

BEIEOBEZFEBRIHRER ) DURAESARETIE ( Hl4

FEEEEESFEREESPFBSIEER ) EEIEBA

ANTIREX Ol RHAEEE -

- HIIpEEZHIRHRKE - EARLEEXEEEBERTN
HXEEEFOMF  HESBBEMBEWNRA  BEZEW
RIBE(BEEEEAEERA)NREEEEIRIENETS SR —
P -
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