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MEDICAL DEVICES –  

 
Part  2:  Guidance on  the appl ication  of usabi l i ty  

eng ineering  to  medical  devices 
 

FOREWORD 

1 )  The  I n ternati onal  E l ectrotechn i cal  Commiss i on  ( I EC)  i s  a  worl dwi de  organ i zat i on  for  s tandard i zati on  compri s i ng  
al l  nati onal  e l ectrotechn i cal  comm i ttees  ( I EC  Nati onal  Comm i ttees) .  The  object  o f  I EC  i s  to  promote  
i n ternati onal  co-operati on  on  al l  questi ons  concern i ng  s tandard i zati on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  
th i s  end  and  i n  add i t i on  to  o ther  acti vi t i es ,  I EC  publ i shes  I n ternat i onal  Standards ,  Techn i cal  Speci fi cati ons,  
Techn i cal  Reports ,  Publ i cl y  Avai l abl e  Speci f i cat i ons  (PAS)  and  Gu i des  (hereafter  referred  to  as  “ I EC  
Publ i cati on (s) ”) .  The i r  preparati on  i s  en trusted  to  techn i cal  comm i ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  subject  deal t  wi th  may part i ci pate  i n  th i s  preparatory  work.  I n ternati onal ,  g overnmen tal  and  non -
governmen tal  organ i zat i ons  l i ai s i ng  wi th  the  I EC  al so  parti c i pate  i n  th i s  preparati on .  I EC  co l l aborates  cl ose l y  
wi th  the  I n ternat i onal  Organ i zati on  fo r Standard i zat i on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
ag reement  between  the  two  organ i zati ons .  

2 )  The  formal  deci s i ons  or  ag reemen ts  of  I EC  on  techn i cal  matters  express,  as  nearl y  as  poss ibl e ,  an  i n ternati onal  
consensus  o f  opi n i on  on  the  re l evan t  subjects  s i nce  each  techn i cal  comm i ttee  has  represen tati on  from  al l  
i n terested  I EC  Nati onal  Commi ttees.   

3 )  I EC  Publ i cati ons  have  the  form  of  recommendati ons  for  i n ternati onal  u se  and  are  accepted  by I EC  Nati onal  
Comm i ttees  i n  that  sense.  Wh i l e  al l  reasonable  e fforts  are  made  to  ensu re  that  the  techn i cal  con ten t  o f  I EC  
Publ i cati ons  i s  accu rate ,  I EC  cannot  be  hel d  responsi bl e  for  the  way i n  wh i ch  they are  used  or  for  any 
m i s i n terpretati on  by  any end  u ser.  

4)  I n  order  to  promote  i n ternati onal  u n i form i ty,  I EC  Nati onal  Commi ttees  undertake  to  appl y  I EC  Publ i cati ons  
transparen tl y  to  the  maximum  exten t  possi bl e  i n  thei r  nat i onal  and  reg i onal  publ i cati ons .  Any d i vergence  
between  any I EC  Publ i cat i on  and  the  correspond i ng  nati onal  or  reg i onal  publ i cati on  shal l  be  cl earl y  i nd i cated  i n  
the  l atter.  

5)  I EC  i tse l f  does  no t  provi de  any attestat i on  o f  con form i ty.  I ndependen t  cert i f i cati on  bod ies  provi de  con form i ty  
assessmen t  servi ces  and ,  i n  some  areas,  access  to  I EC  marks  of  con form i ty.  I EC  i s  not  responsi bl e  for  any 
servi ces  carri ed  ou t  by i ndependen t  certi f i cat i on  bod i es .  

6)  Al l  u sers  shou ld  ensu re  that  they have  the  l atest  ed i t i on  o f  th i s  publ i cati on .  

7)  No  l i abi l i ty  shal l  attach  to  I EC  or  i ts  d i rectors,  employees,  servan ts  or  agen ts  i n cl u d i ng  i nd i vi dual  experts  and  
members  of  i ts  techn i cal  comm i ttees  and  I EC  Nati onal  Comm i ttees  for  any personal  i n j u ry,  property  damage  or  
o ther damage  o f  any natu re  whatsoever,  whether d i rect  or  i nd i rect ,  o r  for  costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  o f  the  publ i cati on ,  u se  o f ,  o r  re l i ance  upon ,  th i s  I EC  Publ i cati on  or  any o ther I EC  
Publ i cati ons .   

8 )  Atten t i on  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  publ i cati on .  Use  o f  the  referenced  publ i cati ons  i s  
i nd i spensable  for  the  correct  appl i cati on  o f  th i s  publ i cati on .  

9 )  Atten ti on  i s  d rawn  to  the  poss ibi l i ty  that  some  of  the  e l emen ts  o f  th i s  I EC  Publ i cati on  may be  the  subj ect  o f  
paten t  ri g h ts .  I EC  shal l  n ot  be  he l d  responsi bl e  for  i den ti fyi ng  any o r  al l  such  paten t  ri g h ts .  

The  main  task of  I EC  techn ical  commi ttees  i s  to  prepare  I n ternational  Standards.  However,  a  
techn ical  commi ttee  may propose  the  publ ication  of  a  techn ical  report  when  i t  has  co l lected  
data of  a  d i fferen t  ki nd  from  that  wh ich  i s  normal l y  publ i shed  as  an  I n ternational  Standard ,  for 
example  "state  of  the  art" .  

I EC  62366-2,  wh ich  i s  a  techn ical  report,  has  been  prepared  by a j o i n t  working  g roup of  
subcommi ttee  62A:  Common  aspects  of  e lectri cal  equ ipment  used  i n  med ical  practice,  o f  I EC  
techn ical  commi ttee  62:  E lectri cal  equ ipment  i n  med ical  practice,  and  techn ical  commi ttee  
ISO/TC 21 0:  Qual i ty  management  and  correspond ing  general  aspects  for  med ical  devices.  

I t  i s  publ i shed  as  a  double  logo  standard .  
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The  text  o f  th is  techn ical  report  i s  based  on  the  fo l lowing  documents:  

Enqu i ry  d raft  Report  on  vo ti ng  

62A/1 01 5/DTR 62A/1 040A/RVC  

 
Fu l l  i n formation  on  the  voting  for  the  approval  o f  th is  techn ical  report  can  be  found  i n  the  
report  on  voti ng  i nd icated  i n  the  above  table.   I n  I SO,  the   s tandard   has   been   approved   by 
23  P-members  ou t  o f  36  having  cast  a  vote.  

Th is  publ i cation  has  been  drafted  i n  accordance  wi th  the  ISO/IEC  Di recti ves,  Part  2 .  

I n  th i s  Techn ical  Report,  the  fo l l owing  prin t  types  are  used.  

– Gu idance  for  the  implementation  of  a  USABILI TY ENGINEERING  (HUMAN  FACTORS  ENGINEERING )  
PROCESS  requ i red  by IEC  62366-1 :201 5  and  defin i t i ons) :  roman  type.  

– Additional information about USABILITY ENGINEERING  best practices: italic type.  

– I n formati ve  materi al  appeari ng  ou ts i de  of  tabl es,  such  as  notes ,  examples  and  re ferences:  i n  smal l er  type .   
Text  o f  tables  i s  al so  i n  a  smal ler  type.  

– TERMS  DEFINED  I N  CLAUSE  3  OR  AS  NOTED :  SMALL CAPITALS .  

A l i s t  of  al l  parts  i n  the  IEC  62366,  publ i shed  under the  general  t i t le  Medical devices,  can  be  
found  on  the  I EC  websi te.  

Th is  techn ical  report  i s  to  be  read  i n  con junction  wi th  I EC  62366-1 :201 5.  

The  commi ttee  has  decided  that  the  con ten ts  of  th i s  publ i cation  wi l l  remain  unchanged  un ti l  
the  stabi l i ty  date  i nd icated  on  the  IEC  websi te  under "h ttp: //webstore. iec. ch "  i n  the  data 
re lated  to  the  speci fi c  publ ication .  At  th i s  date,  the  publ ication  wi l l  be   

•  recon fi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or  

•  amended .  

A bi l i ngual  version  of  th i s  publ icati on  may be  i ssued  at  a  later date.  

 

IMPORTANT – The  'colour inside'  logo  on  the  cover page of  th is  publ ication  ind icates  
that  i t  contains  colours  which  are  considered  to  be usefu l  for  the  correct  
understanding  of  i ts  contents.  Users  shou ld  therefore print  th is  document  using  a  
colour  printer.  
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INTRODUCTION  

Th is  techn ical  report  provides  MEDICAL DEVICE  MANUFACTURERS  wi th  gu idance  on  how to  
i n tegrate  USABILI TY ENGINEERING  (al so  cal led  HUMAN  FACTORS  ENGINEERING )  principles  and  
USER  INTERFACE  des ign  practices  i n to  thei r  overal l  MEDICAL DEVICE  development  PROCESSES .  
The  techn ical  report  recogn izes  that  al l  MEDICAL DEVICES  i nvolving  human  i n teracti on  presen t  
opportun i ti es  for  optim ization  th rough  the  appl ication  of  USABILI TY ENGINEERING  and  seeks  to  
gu ide  the  MEDICAL DEVICE  MANUFACTURERS  e fforts .  

Th is  report  concerns  the  qual i ty  of  USER  i n teractions  wi th  MEDICAL DEVICES  that  are  as  varied  
as  acqu i ring  i n formation  on  a  d i splay,  pressing  a  physical  bu tton  or  on -screen  touch  target  
bu tton ,  se lecting  i tems  on  a  software  menu ,  attach ing  ACCESSORIES  to  a  MEDICAL DEVICE  and  
i n terpreting  warn ings  as  wel l  as  understand ing  re levan t  aspects  for  the  proper use  of  the  
MEDICAL DEVICE  by  read ing  the  ACCOMPANYING  DOCUMENTATION .  USABILI TY ENGINEERING  
programs,  i f  properly  implemented ,  can  i ncrease  the  l i kel ihood  that  USERS  are  able  to  perform  
such  actions  correctl y  and  wi thou t  h i ndrance.  

Med ical  practi ce  i s  i ncreasing ly  us ing  MEDICAL DEVICES  for  observation  and  treatment  of  
PATIENTS .  USE  ERRORS  caused  by i nadequate  MEDICAL DEVICE  USABILI TY  have  become  an  
i ncreasing  cause  for  concern .  Many of  the  MEDICAL DEVICES  developed  wi thou t  applying  a  
USABILITY ENGINEERING  PROCESS  are  non- in tu i t i ve,  d i ff i cu l t  to  l earn  and  d i ff i cu l t  to  use.  I n  
add i ti on ,  MEDICAL DEVICES  developed  wi thou t  applying  USABILITY ENGINEERING  or  developed  
wi th  i ncomplete  or  i nadequate  appl ication  of  USABILITY ENGINEERING  can  i nclude  design  
shortcomings  that  can  l ead  to  USE  ERRORS ,  particu larly  wi th  varied  USERS  and  USE  

ENVIRONMENTS ,  wh ich  can  lead  to  HARM .  

As  heal thcare  evolves,  l ess  ski l led  USERS  i nclud ing  PATIENTS  themselves  are  now using  
MEDICAL DEVICES  and  MEDICAL DEVICES  are  becoming  more  compl i cated .  Wh i le  MEDICAL 

DEVICES  become i ncreasing ly  soph isti cated ,  they can  be  more  l i ke ly to  i nduce  USE  ERRORS .  I f  
not  properly  designed  or  safeguarded ,  MEDICAL DEVICES  cou ld  con tribu te  to  HAZARDOUS 

S ITUATIONS  and  can  be  a  source  of  HARM .  An  appropriate-tai lored  i nvestment  i n  USABILITY 

ENGINEERING  ensures  that  MEDICAL DEVICES  wi l l  have  acceptable  RISK  and  USABILI TY  and  that  
design  shortcomings  are  i den ti fied  and  removed  from  the  USER  INTERFACE .  Accord ing ly,  th is  
techn ical  report  emphasizes  the  importance  of  design ing  for  USABILITY,  wi th  an  emphasis  
p laced  on  ensuring  SAFETY.  

Ascribing  to  th i s  report  helps  MANUFACTURERS  respond  effecti vely to  regu latory expectations  
that  cal l  for  the  appl i cation  of  USABILITY ENGINEERING  du ri ng  the  MEDICAL DEVICE  development 
PROCESS .  I t  also  helps  MANUFACTURERS  produce  MEDICAL DEVICES  that  have  wel l  designed  
USER  I NTERFACES  that  satisfy  USERS .  As  such ,  i t  can  propel  a  MANUFACTURER  beyond  a  
common  sense  approach  to  USER INTERFACE  desi gn  to  an  approach  that  fu l l y  embraces  
USABILITY ENGINEERING  as  an  essen tial  step  toward  design  excel lence.  Other beneficiaries  of  
th is  document's  gu idance  i nclude  au thori t ies  having  j u ri sd iction  (AHJ )  and  MEDICAL DEVICE  
consumers  who  share  a  common  i n terest  i n  safe  and  effecti ve  MEDICAL DEVICES .  

The  gu idance  provided  i n  th is  report  appl ies  to  al l  MEDICAL DEVICES ,  i nclud ing  those  used  by 
l aypersons  and/or heal thcare  professionals;  MEDICAL DEVICES  that  perform  j ust  one  function  
and  those  that  perform  many functions;  USER I NTERFACES  i n  the  form  of  hardware,  software,  
documentation ,  and  packag ing ;  MEDICAL DEVICES  that  f i t  i n  a  pocket,  s i t  on  a  table,  ri de  on  a  
cart,  or  f i l l  a  room;  and  MEDICAL DEVICES  that  requ i re  no  prior operati onal  knowledge  or  cal l  for  
train i ng  before  use.  Accord ing ly,  i t  appl ies  to  a  pen  i n jector,  g l ucose  meter,  i n fus ion  pump,  
PATIENT  mon i tor,  anaesthesia workstation ,  and  rad iation  therapy system,  j ust  to  name a few 
MEDICAL DEVICES .  
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MEDICAL DEVICES –  
 

Part  2:  Guidance on  the appl ication  of usabi l i ty  
eng ineering  to  medical  devices 

 
 
 

1  Scope and  purpose 

1 . 1  Scope 

Th is  Part  o f  I EC  62366,  wh ich  i s  a  Techn ical  Report,  con tains  background  i n formation  and  
provides  gu idance  that  addresses  speci fi c  areas  that  experience  suggests  can  be  helpfu l  for  
those  implementing  a  USABILITY ENGINEERING  (HUMAN  FACTORS  ENGINEERING )  PROCESS  both  as  
defined  i n  I EC  62366-1 :201 5  and as supporting goals other than SAFETY.  Th is  techn ical  report  
i s  not  i n tended  to  be  used  for regu latory pu rposes.  I t  con tains  no  requ i rements  and  on ly 
provides  gu idance  and  tu torial  i n formation .  

NOTE  1  SAFETY  i s  f reedom  from  unacceptabl e  RISK,  wh i ch  i s  descri bed  i n  I SO  1 4971 .  U nacceptable  RISK  can  
ari se  from  USE  ERROR ,  wh i ch  can  l ead  to  exposu re  to  d i rect  phys i cal  HAZARDS  o r  to  l oss  or  deg radati on  o f  c l i n i cal  
performance.   

NOTE  2  The  PROCESS  fo r  a  MANUFACTURER  to  anal yse,  speci fy,  devel op  and  eval uate  the  USABILI TY  o f  a  MEDICAL 

DEVICE ,  as  i t  re l ates  to  SAFETY  i s  found  i n  I EC  62366-1 :201 5.  

Th is  techn ical  report  has  two  main  themes:  

•  i n formation  abou t  effi cien t  ways  to  implement  e lements  requ i red  by IEC  62366-1 :201 5;  
and  

•  additional information,  in particular how USABILITY relates to attributes such as TASK 
EFFICIENCY and USER  satisfaction,  which can enhance a MEDICAL DEVICE’S  commercial 
success.  

Th is  techn ical  report  d i scusses  the  business  benefi ts  of  USABILI TY ENGINEERING ,  the  basics  of  
appl icable  analysis  and  design  techn iques,  MEDICAL DEVICE  USABILITY EVALUATION  approaches,  
effi cien t  ways  to  address  USABILITY ENGINEERING  pro ject  implementation  i ssues  (e . g .  
i n tegration  i n to  a  qual i ty  management  system)  and  provides  a l i s t  o f  usefu l  USABILI TY 

ENGINEERING  resources.   

Th is  techn ical  report  al so  can  be  usefu l  for  o ther heal thcare  products  (e. g .  d rug  packag ing  
and  d rug  LABELLING ,  d rug -MEDICAL DEVICE  combination  products  and  heal th  I T software) .  

1 .2  Purpose 

The  i n ten t  o f  th is  techn ical  report  i s  to  provide  gu idance  related  to:  

•  the  essen tial  e lements  of  a  USABILITY ENGINEERING  PROCESS  as  requ i red  by  
IEC  62366-1 :201 5,  i nclud ing :  

– USER  research  techn iques,  

– analysis  techn iques,  

– design  techn iques,  and  

– MEDICAL DEVICE  USABILITY EVALUATION  approaches  (e. g .  USABILITY TESTING ) ;   

•  the planning and implementation of the USABILITY ENGINEERING PROCESS;  

•  the benefits of applying USABILITY ENGINEERING; and 

•  improve USER  satisfaction.  
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Th is  techn ical  report  i s  i n tended  to  be  read  i n  con juncti on  wi th  I EC  62366-1 :201 5.  

The  i n tended  reader for th is  techn ical  report  i ncludes  the  people  or  organ isations  that  are  
i nvolved  wi th  planning,  funding,  managing,  and performing research,  design ,  evaluation  and 
regulatory-related activities  ( i . e .  approbation )  re lated  to  MEDICAL DEVICES ,  i nclud ing ,  bu t  not  
l im i ted  to :  

•  company,  department,  project,  and  product  managers;  

•  desi gn  and  eng ineering  professionals  (e . g .  human  factors  eng ineers,  i ndustrial  designers,  
techn ical  wri ters,  i n formation  designers,  software  developers,  mechan ical  eng ineers,  
e lectri cal  eng ineers,  packag ing  eng ineers) ;  

•  med ical  researchers  and  other i n terested  cl i n icians;   

•  marketers  and  other business  professionals  i n  the  MEDICAL DEVICE  i ndustry;   

•  qual i ty  or  regu latory staffs  of  MEDICAL DEVICE  MANUFACTURERS  ( for  example,  regu latory 
affai rs ,  RISK MANAGEMENT  or  qual i ty  management  ro les) ;  and  

•  wri ters  of  product  standards.  

Th is  techn ical  report  i s  ne i ther  i n tended  as  the  sole  source  of  USABILITY ENGINEERING  g u idance  
for  MEDICAL DEVICE  MANUFACTURERS ,  nor a  complete  substi tu te  for  human  factors  experti se.  
Rather,  i t  i s  i n tended  to  provide  readers  wi th  a  general  understand ing  of  how to  perform  
USABILITY ENGINEERING  i n  an  economic  manner.  Readers  are  advised  to  supplement  the  
knowledge  they gain  from  th i s  report  wi th  knowledge  acqu i red  from  complementary 
documents  i nclud ing  those  speci fi c  to  the  MEDICAL DEVICE  of i n terest.  A l i s t  o f  usefu l  USABILITY 

ENGINEERING  resources  and  fu rther read ings  i s  provided  i n  Annex A.  

Th is  report  does  not  address  detai led  USABILITY ENGINEERING  des ign  gu idance  or  requ i rements,  
such  as  recommendations  on  the  proper s i ze  of  text  on  a compu ter screen ,  appropriate  ways  
to  arrange  a  workstation 's  d isplays  and  con tro ls ,  or  characteri stics  of  an  appropriate  ALARM  

SIGNAL.  Such  i n formation  can  be  found  i n  o ther documents,  such  as  [1 ] [2 ] [3 ] [4] 1 .  

Th is  techn ical  report  does  not  describe  a  speci fi c  set  o f  USABILITY ENGINEERING  acti vi t i es  that  
su i t  al l  design  projects.  I nstead ,  i t  g i ves  gu idance  for  a  general  USABILITY ENGINEERING  
PROCESS  requ i ri ng  fu rther shaping  and  tai l oring  to  su i t  a  g iven  development  pro ject's  needs.  
USABILITY ENGINEERING  practice  varies  widely  th roughou t  the  world  and  even  wi th in  speci fi c  
coun tries,  compan ies,  and  company un i ts .  Th is  variati on  i s  partl y  due  to  the  d i versi ty  found  
among  USABILI TY ENGINEERING  practi t i oners  who  can  have  a  background  i n  one  or more  of  
various  professional  f i e lds,  such  as  eng ineering ,  psychology,  or  design .  Practi ce  d i fferences  
also  exist  due  to  the  wide  variety  of  MEDICAL DEVICES ,  wh ich  range  from  seeming ly  s imple  
syringes  to  complex imag ing  systems,  some  of  wh ich  are  used  i n  hospi tals ,  cl i n ics ,  and/or  the  
home  by various  types  of  med ical  professionals  as  wel l  as  laypersons  (e. g .  PATIENTS  and  
careg ivers  who  take  care  of  PATIENTS ,  such  as  a  ch i ld  or  spouse) .   

2  Normative references 

The  fo l l owing  documents,  i n  whole  or  i n  part,  are  normati vely referenced  i n  th i s  document  and  
are  i nd ispensable  for  i ts  appl i cation .  For dated  references,  on ly  the  ed i ti on  ci ted  appl i es.  For 
undated  references,  the  l atest  ed i t ion  of  the  referenced  document  ( i nclud ing  any 
amendments)  appl ies.  

NOTE  I n formati ve  references  are  l i s ted  i n  the  bi b l i og raphy beg i nn i ng  on  page  98.  

I EC  62366-1 :201 5,  Medical devices – Part 1: Application of usability engineering to medical 
devices  

____________ 

1  Numbers  i n  square  brackets  refer  to  the  B i bl i og raphy.  
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ISO 1 4971 :2007,  Medical devices – Application of risk management to medical devices  

3  Terms and  defin i tions  

For the  pu rposes  of  th is  document,  the  terms  g i ven  i n  I EC  62366-1 ,  I SO 1 4971 ,  as  wel l  as  the  
fo l l owing  apply.  

NOTE  An  i ndex  o f  def i ned  terms  i s  found  beg i nn i ng  on  page  1 01 .  

3.1   
ACCESSORY  
add i ti onal  part  for  use  wi th  MEDICAL DEVICE  i n  order  to :  

– ach ieve  the  I NTENDED  USE ,  

– adapt  i t  to  some  special  use,  

– faci l i tate  i ts  use,  

– enhance  i ts  performance,  or  

– enable  i ts  functions  to  be  i n tegrated  wi th  those  of  o ther  MEDICAL DEVICE  

[SOURCE:  IEC  60601 -1 :2005,  3 . 3 ,  mod i fied  – ‘equ ipment’  i s  replaced  by ‘MEDICAL DEVICE ’ ]  [5 ]  

3.2   
ADVERSE  EVENT  
even t  associated  wi th  a  MEDICAL DEVICE  that  l ed  to  death  or  serious  i n ju ry  of  a  PATIENT ,  USER  
o r  o ther  person ,  or  that  m igh t  l ead  to  death  or serious  i n ju ry of  a  PATIENT,  USER  or  o ther 
person  i f  the  even t  recurs  

Note  1  to  en try:  Th i s  defi n i t i on  i s  cons i sten t  wi th  g u i dance  i n  GHTF/SG2/N54/R8:2006.  [6 ]  

Note  2  to  en try:  Th i s  defi n i t i on  i ncl udes  mal functi on  or  deteri orati on  o f  a  devi ce  wh ich  has  not  yet  caused  death  
or  seri ous  i n j u ry,  bu t  wh i ch  cou l d  l ead  to  death  or  seri ous  i n j u ry.  

[SOURCE:  ISO TS  1 921 8-1 :201 1 ,  2 . 1 ]  [7]  

3.3   
ALARM  CONDITION  
state  of  the  ALARM  SYSTEM  when  i t  has  determ ined  that  a  poten tial  or  actual  HAZARDOUS 

S ITUATION  exi sts  for  wh ich  OPERATOR  awareness  or  response  i s  requ i red  

Note  1  to  en try:  An  ALARM  CONDITION  can  be  i nval i d ,  i . e .  a  fal se  pos i t i ve  ALARM  CONDITION .  

N ote  2  to  en try:  An  ALARM  CONDITION  can  be  m i ssed ,  i . e .  a  fal se  negati ve  ALARM  CONDITION .  

[SOURCE:  IEC  60601 -1 -8:2006  and  IEC  60601 -1 -8:2006/AMD1 :201 2,  3 . 1 ]  [1 ]  

3.4   
ALARM  LIMIT  
th reshold  used  by an  ALARM  SYSTEM  to  determ ine  an  ALARM  CONDITION  

[SOURCE:  IEC  60601 -1 -8:2006,  3 . 3 ]  [1 ]  

3.5   
ALARM  SIGNAL  
type  of  s i gnal  generated  by the  ALARM  SYSTEM  to  i nd icate  the  presence  (or occurrence)  of  an  
ALARM  CONDITION  

[SOURCE:  IEC  60601 -1 -8:2006,  3 . 9 ]  [1 ]  
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3.6   
ALARM  SYSTEM  
parts  of  the  MEDICAL DEVICE  that  detect  ALARM  CONDITIONS  and ,  as  appropriate,  generate  ALARM  

SIGNALS  

[SOURCE:  IEC  60601 -1 -8:2006,  3 . 1 1 ,  mod i fied  – ‘ME  EQUIPMENT  or  a  ME  SYSTEM ’  has  been  
replaced  by ‘MEDICAL DEVICE ’ ]  [1 ]  

3.7   
CLOSE  CALL  
case  i n  wh ich  a  USER  almost  commi ts  a  USE  ERROR  wh i le  perform ing  a  TASK,  bu t  recovers  i n  
t ime  to  avoid  making  the  USE  ERROR  

EXAMPLE  A USER  m i gh t  i n i t i al l y  p l ace  h i s  or  her  thumb  on  the  wrong  end  o f  an  i n j ecti on  pen ,  bu t  then  ro tates  the  
pen  i n to  the  proper  pos i t i on  enabl i ng  a  safe  and  effect i ve  i n j ecti on .   

N ote  1  to  en try:  A  CLOSE  CALL  d oes  not  i ncl ude  a  case  i n  wh i ch  an  i n i t i al  USE  ERROR  evokes  an  ALARM  CONDITION ,  
for  example,  l ead i ng  the  USER  to  correct  the  USE  ERROR ;  th i s  i s  a  case  of  a  RISK CONTROL  worki ng  properl y.  

3.8   
CONCEPTUAL  MODEL DIAGRAM  
graph ical  description  of  the  underlying  organ ization  and  re lationsh ips  i n  a  USER  I NTERFACE  
desi gn .   

EXAMPLE  A d i ag ram  that  s impl y  shows  l abel l ed  ci rcl es  – perhaps  as  few as  th ree  to  f i ve .   

3.9   
FIDELITY  
degree  to  wh ich  a  model  or  SIMULATION  reproduces  the  state  and  behaviour of  a  real  world  
object  or  the  perception  of  a  real  world  object,  featu re  or  cond i ti on  

Note  1  to  en try:  Low-FIDELITY  mode l s  share  on l y  a  l im i ted  number  of  common  e l ements  wi th  the  actual  MEDICAL 

DEVICE  o f  i n terest .   

No te  2  to  en try:  H i gh -FIDELITY  models  share  many common  e l emen ts  wi th  the  actual  MEDICAL  DEVICE  o f  i n terest .  

[SOURCE:  ISO 1 6781 :201 3,  2 . 4,  mod i fied  – deleted  ‘ ,  or  chosen  standard  i n  a  measurable  or 
perceivable  manner’  and  added  Notes  1  and  2  to  en try. ]  [8]  

3.1 0   
FUNCTION  ANALYSIS  
analysis  of  MEDICAL DEVICE- re lated  functi ons  that  occur to  accompl ish  operational  goals  and  
particu larl y  wh ich  functions  are  (or  shou ld  be)  performed  au tomatical l y by the  MEDICAL DEVICE  
o r  manual l y by the  USER ,  or  by a  combination  of  both  based  on  thei r  known  streng ths  and  
weaknesses  

3.1 1   
KNOWLEDGE TASK STUDY  
a study performed  by questi on ing  USERS  to  understand  and  i n terpret  importan t  i n formation  i n  
the  USER INTERFACE  that  wi l l  be  appl ied  to  make  use-related  decis ions  

3.1 2   
LABELLING  
wri tten ,  prin ted  or  g raph ic  matter  

– affi xed  to  a  MEDICAL DEVICE  or  any of  i ts  con tainers  or  wrappers,  or  

– accompanying  a  MEDICAL DEVICE ,  

re lated  to  i den ti fi cation ,  techn ical  description ,  and  use  of  the  MEDICAL DEVICE ,  bu t  exclud ing  
sh ipping  documents  
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Note  1  to  en try:  For  the  pu rposes  of  th i s  I n ternati onal  S tandard ,  the  term  “marki ng ”  as  used  i n  I SO 9001  i s  
i n terpreted  to  mean  “LABELLING ” .  

Note  2  to  en try:  Some  reg i onal  and  nati onal  regu lati ons  u se  the  term  “LABELLING ”  more  comprehensi ve l y to  
i ncl ude  for  example,  promoti onal  materi al s  and  trai n i ng .  

[SOURCE:  ISO 1 3485:2003 2,  3 . 6 ,  mod i fi ed  – Deleted  existi ng  note,  and  Note  1  to  en try  and  
Note  2  to  en try  have  been  added . ]  [9 ]  

3.1 3   
SIMULATION  
conceptual i zation  and  use  of  an  abstracti on  or  model  that  behaves  i n  a  way s im i lar  to  a  real  
MEDICAL DEVICE  i n  i ts  SYSTEM  

3.1 4   
TASK ANALYSIS  
analysis  employed  to  determ ine  the  USER  g oals  and  the  speci fi c  behaviou rs  requ i red  of  USERS  
when  operating  equ ipment  or  do ing  work  

Note  1  to  en try:  The  documen tati on  o f  a  TASK ANALYSI S  can  take  a  narrati ve,  tabu lar,  o r  f l ow chart  form .  

Note  2  to  en try:  Example  i n teracti ons  i ncl ude  acqu i ri ng  i n formati on ,  process ing  i n formati on ,  maki ng  deci s i ons  and  
perform ing  phys i cal  acti ons.  

[SOURCE:  ISO 9241 -5:1 998,  3 . 22,  modi fi ed  – replaced  ‘people ’  wi th  ‘ the  USER  goals  and ’  and  
added  Notes  1  and  2 . ]  [1 0 ]  

3.1 5   
USABILITY GOAL  
desi red  qual i ty  of  a  USER-MEDICAL DEVICE  i n teracti on  

NOTE  1  TO  ENTRY:  USABI LI TY GOALS  can  be  expressed  i n  wri tten  fo rm ,  s t i pu l at i ng  a  parti cu l ar  USABI LI TY  at tri bu te  
(e . g .  TASK  compl i ance  rate,  TASK  speed ,  l earn i ng  t ime,  accu racy,  vi sual  appeal ,  comfort)  and  performance  cri teri on  
(e . g .  number  o f  seconds,  USE  ERROR  rate,  average  subj ecti ve  rati n gs) .   

NOTE  2  TO  ENTRY:  USABI LI TY GOALS  can  address  object i ve  (observable)  and  subj ecti ve  (opi n i on -based)  aspects  of  
i n teracti on  and  can  be  used  as  a  basi s  for  p l ann i ng  and  j u dg i ng  the  resu l ts  o f  USABI LI TY  TESTS .  

3.1 6   
USABILITY SPECIALIST  
professional  competent  on  the  basis  of  appropriate  education ,  train i ng ,  ski l l s  or  experience  to  
perform  USABILITY ENGINEERING  acti vi t i es  

Note  1  to  en try:  A  USABI LI TY SPECIALI ST  appl i es  knowledge  o f  h uman  characteri s ti cs  and  USABI LI TY ENG INEERING  
methods  to  support  the  devel opmen t  o f  safe ,  e ffecti ve,  u sable ,  and  sat i s fyi ng  MEDICAL DEVICES .  

3.1 7  
USER  INTERFACE  REQUIREMENT  
testable  techn ical  design  requ i rement  for  a  USER INTERFACE  characteristic  

Note  1  to  en try:  A  USER  I NTERFACE  requ i remen t  can  be  USER  I NTERFACE  des i g n  featu re  o r  med i cal  devi ce  
performance  l eve l .  

Note  2  to  en try:  A  USER  I NTERFACE  REQU IREMENT  i s  typ i cal l y  deri ved  from  a  USER  n eed .  

____________ 

2 The  reference  to  I SO  1 3485:2003  was  retai ned  to  mai n tai n  al i g nmen t  wi th  I EC  62366-1 : 201 5.  At  the  next  
revi s i on  o f  I EC  62366-1 ,  the  references  wi l l  be  updated  to  the  l atest  ed i t i on  o f  I SO  1 3485.  
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4 Mapping  between  the requi rements  of  IEC 62366-1  and  the  gu idance of  
IEC TR 62366-2  

Table  1  provides  a  mapping  between  the  requ i rements  of  IEC  62366-1  and  the  gu idance  of  
th is  techn ical  report.  

NOTE  Not  al l  o f  the  con ten t  o f  th i s  techn i cal  report  maps  d i rectl y  to  the  normati ve  parts  o f  I EC  62366-1 .  Th i s  
techn i cal  report  a l so  con tai ns  add i t i onal  i n formation  abou t  good  USABILI TY ENG INEERING  practi ces .  

5  Background  and  justi fication  of  the  USABILITY ENGINEERING  program  

5.1  How SAFETY  relates  to  USABILITY  

The  appl icati on  of  USABILITY ENGINEERING  i s  widely  recogn ized  as  essen tial  to  producing  
MEDICAL DEVICES  that  are  safe  and  effecti ve  to  use.  Past  analyses  of  ADVERSE  EVENTS  ( i . e.  
i n ju ries,  deaths,  and  property l oss)  i nvolvi ng  MEDICAL DEVICES  have  shown  that  USER 

I NTERFACE  des ign  shortcomings  can  l ead  to  USE  ERRORS  and ,  consequen tly,  i n ju ri es  and  
deaths,  as  reported  i n  many sources.  For example:  

•  tubing  connector shortcomings  and  the  resu l ti ng  m isconnections  of  i ncompatible  MEDICAL 

DEVICES  and  ACCESSORIES  have  l ed  to  ai r  embol i ,  po ison ing ,  and  asphyxiation ;   

•  con fusing  menu  systems  wi th in  i n fusion  pumps  have  l ed  to  drug  del i very errors,  i nclud ing  
underdoses,  overdoses,  and  treatment  wi th  the  wrong  drug ;  

•  vi sual  ALARM  SIGNAL  message  ambigu i t ies  and  the  option  to  override  ALARM  SIGNALS  i n  
d ial ys is  equ ipment  have  l ed  cl i n icians  to  overlook and  m is judge  the  s igns  of  PATIENT  
d i stress.  

Table  1  – Mapping  between  the  requ irements  of  IEC 62366-1  
and  the  gu idance of  IEC TR  62366-2   

Subclause  of  IEC  62366-1 :201 5  Subclauses  of  IEC  TR  62366-2:201 6  

4. 1 . 1  USABI LI TY ENG INEERING  PROCESS  6  How to  implemen t  a  USABI LI TY ENG INEERING  

prog ram  

6 . 1  E ffecti ve  USABILI TY ENG INEERING  prog rams  

6 . 2  E ffecti ve  USABILI TY ENG INEERING  pro j ects  and  
p lans  

6 . 4  Ensu re  the  necessary resou rces  are  avai l able  

6 . 5  R I SK MANAGEMENT  as  i t  re l ates  to  USABI LI TY 

ENG INEERING  

4 . 1 . 2  R I SK CONTROL  as  i t  re l ates  to  USER  I NTERFACE  
d es i gn  

6 . 5 . 2  R I SK CONTROL  

4 . 1 . 3  I n formati on  for  SAFETY  as  i t  re l ates  to  USABI LITY  6 . 5 . 3  I n formati on  fo r SAFETY  

4 . 2  USABI LI TY ENG INEERING  F I LE  6 . 6  USABI LI TY ENG INEERING  FI LE  

4 . 3  Tai l ori ng  o f  the  USABI LI TY ENG INEERING  e ffort  6 . 7  Tai l ori ng  the  USABI LI TY ENG INEERING  e ffort  

5  USABI LI TY ENG INEERING  PROCESS  7  Overvi ew of  the  USABI LI TY ENG INEERING  PROCESS  

5 . 1  Prepare  USE  SPECIFICATION  8  P repare  the  USE  SPECIFICATION  

5 . 2  I den ti fy  USER  I NTERFACE  characteri st i cs  re l ated  to  
SAFETY  and  po ten t i al  USE  ERRORS  

9  I den ti fy  USER  I NTERFACE  characteri st i cs  re l ated  
to  SAFETY  and  poten ti al  USE  ERRORS  

5 . 3  I den ti fy  known  or  foreseeable  HAZARDS  and  
HAZARDOUS  S I TUATIONS  

1 0  I den ti fy  known  or  foreseeable  HAZARDS  and  
HAZARDOUS  S I TUATIONS  

5 . 4  I den ti fy  and  descri be  HAZARD -RELATED  USE  

SCENARIOS  
1 1  I den ti fy  and  descri be  HAZARD -RELATED  USE  

SCENARIOS  

5 . 5  Se lect  the  HAZARD -RELATED  USE  SCENARIOS  for  
SUMMATIVE  EVALUATION  

1 2  Se l ect  the  HAZARD -RELATED  USE  SCENARIOS  for  
SUMMATIVE  EVALUATION  

5 . 6  Establ i sh  USER  I NTERFACE  SPECI FICATION  1 3  Establ i sh  USER  I NTERFACE  SPECI FICATION  
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5. 7  Establ i sh  USER  I NTERFACE  EVALUATION  p l an  1 4  Establ i sh  USER  I NTERFACE  EVALUATION  p l an  

5 . 8  Perform  USER  I NTERFACE  des i gn ,  impl emen tat i on  
and  FORMATIVE  EVALUATION  

1 5  Desi g n  and  impl emen t  the  USER  I NTERFACE  and  
trai n i ng  

1 6  Perform  FORMATIVE  EVALUATIONS  

5 . 9  Perform  SUMMATIVE  EVALUATION  o f  the  
USABI LI TY  o f  the  USER I NTERFACE  

1 7  Perform  SUMMATIVE  EVALUATION  

6 . 5 . 4  Overal l  eval uati on  o f  RESIDUAL R I SK  

 

The  appl icati on  of  USABILITY ENGINEERING  i s  a  pri nciple  means  to  reduce  MEDICAL DEVICE  
u nacceptable  R I SK  and  improve  PATIENT  care  by reducing  the  poten tial  for  harmfu l  USE  ERROR  
th rough  en l i gh tened  USER  INTERFACE  des ign .  Th is  viewpoin t  appl i es  to  MEDICAL DEVICES  u sed  
by med ical  professionals,  such  as  ven ti lators,  PATIENT  mon i tors,  and  X-ray mach ines.  I t  also  
appl ies  to  MEDICAL DEVICES  u sed  by l aypersons  (e . g .  PATIENTS  and  careg ivers  who  take  care  of  
PATIENTS ,  such  as  a  ch i l d  or  spouse) ,  such  as  nebu l i zers,  g lucose  meters,  and  i nsu l i n  pen  
i n jectors.  

Annex B  l i sts  external  resources  of  reports  that  MANUFACTURERS  can  review to  i den ti fy  known  
problems  wi th  USER I NTERFACES  to  avoid  when  developing  a  MEDICAL DEVICE  o f  the  same  or  
s im i lar  type.  

MEDICAL DEVICE  SAFETY  and  MEDICAL DEVICE  USABILI TY are  i n terre lated .  For i nstance,  featu res  
that  he lp  to  ensure  SAFETY,  such  as  h igh  and  l ow dosing  l im i ts  bu i l t  i n to  an  i n fusion  pump’s  
software,  can  also  i ncrease  a  MEDICAL DEVICE 'S  USABI LITY.  I n  add i ti on  to  protecting  a PATIENT  
from  a  harmfu l  underdose  or  overdose,  a  featu re  such  as  dose  l im i ts  g i ves  USERS  a  helpfu l  
i nd ication  of  the  al l owable  dosing  range.  Th is  can  reduce  the  bu rden  on  the  USERS ’  memory 
and  i ncrease  thei r  con fidence  when  programming  the  pump.  

USER  INTERFACE  des ign  featu res  i n tended  to  i ncrease  TASK  speed  – a  trad i t ional  USABILI TY  
attribu te  – m igh t  also  reduce  unacceptable  RISK  because  s low TASK  performance  m igh t  delay 
an  u rgen t  therapy (e. g .  treating  a  PATIENT  who  i s  unconscious  due  to  an  opio id  overdose  by  
i n jecti ng  a  reversal  agen t) .  Conversely,  i t  m igh t  i n troduce  new HAZARDOUS  S ITUATIONS  because  
cri t i cal  con fi rmation  steps  were  not  implemented .  S low TASK  performance  cou ld  al so  l ead  a 
wel l -mean ing  USER  to  pass  over steps  i n  a  PROCEDURE  to  i ncrease  speed  of  the  PROCEDURE .  
Th is  can  resu l t  i n  a  h i gher probabi l i ty  of  USE  ERROR  l i nked  to  a  poten tial l y  unacceptable  RISK.  
The  USABILITY ENGINEERING  PROCESS  shou ld  be  used  to  help  ensure  that  th is  does  not  happen .  

As such,  USABILITY ENGINEERING  activities usually serve the dual purpose of reducing MEDICAL 
DEVICE unacceptable  RISK and enhancing USABILITY.  A  MEDICAL DEVICE’S  increased appeal is a 
predictable by-product of the  USABILITY ENGINEERING PROCESS.   

5.2  Reasons  to  invest  in  USABILITY ENGINEERING  

In promoting the development of safe and effective MEDICAL DEVICES,  many MANUFACTURERS  
perform more extensive application of USABILITY ENGINEERING  principles because they consider 
it a good practice for business.  Potential,  business-related benefits include the following.  

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

b)  Reduced time to market due to reduced regulatory review times,  owing to the creation of a 
complete and convincing submission package from a USABILITY ENGINEERING perspective.  

c)  Improved sales because customers perceive the MANUFACTURER'S MEDICAL DEVICE(S)  as 
more "USER  friendly" than other MANUFACTURERS’ MEDICAL DEVICE offerings.  

d)  Simpler training because a MEDICAL DEVICE'S  intuitive operation and integrated procedural 
guidance enable USERS to master operation concepts and PROCEDURES  quickly.  
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e)  Reduced demand for customer support because customers are better able to operate and 
troubleshoot a MEDICAL DEVICE without seeking outside support.  

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

g )  Better treatment compliance rates (fewer PATIENTS  abandoning the treatment).  

h )  Better application of currently available technology to MEDICAL DEVICES.  

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

6 How to  implement a  USABILITY ENGINEERING  program  

6.1  Effective  USABILITY ENGINEERING  programs 

It is recommended that the MANUFACTURER  develop,  implement and maintain a USABILITY 
ENGINEERING  program to ensure the consistent and broad application of USABILITY ENGINEERING  
PROCESS,  potentially across multiple product development efforts.  Steps can include: 

a)  assigning organisational roles and responsibilities relating USABILITY ENGINEERING  PROCESS; 

b)  establishing general PROCEDURES  for major USABILITY ENGINEERING  PROCESSES; and  

c)  allocating the necessary resources during budgeting cycles to perform the activities.  

6.2  Effective USABILITY ENGINEERING  projects  and  plans 

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

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

E ffecti ve  USABILITY ENGINEERING  projects  address  the  need  to  demonstrate  that  the  RISKS  
re lated  to  USE  ERRORS  o f  the  MEDICAL DEVICE  are  reduced  to  acceptable  levels.  They also 
facilitate the development of MEDICAL DEVICES  that are satisfying to use.   

A  particu lar  USABILITY ENGINEERING  pro ject  can  focus  on  developing  the  fo l l owing .  

a)  An  update  to  an  existi ng  ( i . e .  l egacy)  MEDICAL DEVICE  wi thou t  the  add i ti on  of  s i gn i fi can t  
new featu res.  

b)  A MEDICAL DEVICE  represen ti ng  a  l i ne  extension  because  i t  has  a  USER  INTERFACE  that  i s  
s im i lar  to  one  on  an  existi ng  MEDICAL DEVICE ,  bu t  i ncorporates  new featu res.  

c)  A next  generati on  vers ion  of  a  MEDICAL DEVICE  ( i . e .  replacement model )  that  represen ts  a  
major  conceptual  departu re  from  the  MEDICAL DEVICE  i t  replaces.  

d )  An  al together new MEDICAL DEVICE  wi th  no  pred icate  ( i . e .  no  other MEDICAL DEVICE  works  i n  
a  s im i lar  way to  serve  the  same purpose) .  

Such  pro jects  typical l y  generate  a  comprehensive  set  of  USABILITY ENGINEERING  RECORDS  
compris ing  a  USABILITY ENGINEERING  FI LE .  As  d i scussed  later,  MANUFACTURERS  shou ld  ensu re  
that  USABILITY ENGINEERING  documentation ,  such  as  the  USER  I NTERFACE  SPECIFICATION ,  
faci l i tates  good  USABILITY ENGINEERING  rather  than  becoming  an  i n tensive  paperwork exercise  
that  ecl ipses  the  actual  USER INTERFACE  des ign  effort.  The  key to  ach ieving  th is  goal  i s  to  
fo l l ow a  USABILITY ENGINEERING  PROCESS  that  serves  the  need .   
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The  USABILITY ENGINEERING  p lan  for a  speci fi c  project  i s  l i kely  to  be  one-of-a-kind ,  i ts  
d i stincti veness  owing  to  the  type  and  exten t  of  USER  i n teractions  wi th  the  associated  MEDICAL 

DEVICE .  However,  a  USABILITY ENGINEERING  p lan  shou ld  ach ieve  the  fo l l owing  common  
objecti ves.  

a)  Describe  a poten tial l y  i terati ve  USER INTERFACE  development  PROCESS  that  i ncludes  
research  (e . g .  i den ti fying  USER GROUPS  and  USE  ENVIRONMENTS )  and  design ,  model l i ng  (e. g .  
producing  prototypes) ,  and  USABILITY EVALUATION  cycles.  

b)  Focus  on  i den ti fying  and  e l im ination  of  USE  ERRORS  l ead ing  to  a  usable  and  appeal ing  
MEDICAL DEVICE .  

c)  Address  al l  relevan t  po in ts  of  USER  i n teraction  ( i . e .  po in ts  of  i n teraction  between  USERS  
and  hardware,  software,  and  USER  support  componen ts  and  LABELLING—embedded  help,  
qu ick reference  card ,  USER 's  manual ,  and  other  ACCOMPANYING  DOCUMENTATION ) .  

d )  Consider establishment of USABILITY GOALS for commercialization purposes only (i.e.  not 
for SAFETY purposes),  and plan relevant design,  evaluation and testing.  Annex C contains 
additional information.  

e)  I den ti fy  the  USABILITY ENGINEERING  methods  to  be  u ti l i zed .  Annex E  con tains  add i ti onal  
i n formation .  

f)  I den ti fy  the  USABILITY ENGINEERING  RECORDS  that  need  to  be  created ,  wh ich  are  the  core  of  
the  USABILI TY ENGINEERING  FILE .  

g )  Include a schedule indicating how the USABILITY ENGINEERING  activities are expected to 
progress over the course of an overall MEDICAL DEVICE development project.  

h)  Al low for  design  i teration ,  as  needed ,  to  produce  a  successfu l  design .  

i )  Prepare  submissions  for  AHJ .  

6.3  Apply an  appropriate  level  of  USABILITY ENGINEERING  expertise 

I t  i s  recommended  for a  MEDICAL DEVICE  development  team  to  have  avai lable  adequate  
USABILITY ENGINEERING  experti se  and  i nclude  at  l east  one  USABILI TY SPECIALIST ,  as  needed .  
The  USABILITY SPECIALIST  shou ld  have  relevan t,  appropriate  train ing  (e. g .  i n  USABILI TY 

ENGINEERING )  and  have  appropriate  MEDICAL DEVICE  domain  knowledge.  USABILITY 

ENGINEERING  experti se  can  also  be  gained  th rough  formal  USABILITY ENGINEERING  education ,  
complemented  by appl icable  experience  applying  the  USABILITY ENGINEERING  PROCESS  to  
MEDICAL DEVICE  development.  

USABILITY ENGINEERING  experti se  can  also  be  provided  by i nd ivi duals  who  are  se l f-educated  i n  
the  fi e ld  and  those  who  have  attended  courses  i n tended  to  teach  them  importan t  USABILITY 

ENGINEERING  concepts  and  best  practi ces  re lated  to  MEDICAL DEVICE  development.  

Among  others,  the  fo l lowing  types  of  professionals  can  also  participate  acti vely i n  USABILITY 

ENGINEERING  acti vi t i es ,  such  as  con tri bu ting  to  the  USABILI TY ENGINEERING  pro ject  p lan ,  
parti cipating  i n  the  analysis  of  USABILI TY  problems,  design ing  or  mod i fying  a  MEDICAL DEVICE ’S  

USER  INTERFACE  o r  observing  and  analysing  the  resu l ts  of  USABILITY TESTS :  

a)  techn ical  wri ters  responsible  for  developing  the  learn ing  too ls  associated  wi th  a  MEDICAL 

DEVICE ;  tools  such  as  qu ick reference  cards,  USERS  manuals,  o ther ACCOMPANYING  

DOCUMENTATION ,  on l i ne  help,  and  educational  posters;   

b)  trai n i ng  course  developers  and  trainers;  

c)  marketing  special i sts  who  have  a  strong  appreciation  for USABILI TY ENGINEERING  and  
recogn ize  the  importan t  d i fferences  between  USABILITY ENGINEERING  and  market  research ;  

d )  cl i n icians  who  have  a  strong  understand ing  of  the  USER  perspecti ve;  

e)  developers  who  bu i ld  USER I NTERFACE  prototypes  for  use  i n  USABILITY TESTS ;  and  

f)  eng ineers  and  designers  who  have  l earned  abou t  USABILITY ENGINEERING  to  enable  thei r  
own  work or  manage  the  USABILITY ENGINEERING  e fforts  of  o ther  development team  
members.  
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6.4  Ensure  the  necessary resources are  avai lable  and  wel l  t imed  

A USABILI TY ENGINEERING  pro ject  can  strugg le  i f  i t  l acks  the  necessary funds  or  i s  g i ven  too  
l i tt le  t ime  to  have  a  posi ti ve  effect  on  the  MEDICAL DEVICE  development  PROCESS .  Speci fi cal l y,  
the  pro ject  m igh t  fai l  to  produce  the  resu l ts  necessary to  secure  regu latory clearance  for  a  
g i ven  MEDICAL DEVICE .  Therefore,  for mu l t iple  reasons  i nclud ing  l aunch ing  a  MEDICAL DEVICE  
on  schedu le,  USABILITY ENGINEERING  pro jects  shou ld  be  adequately  funded .  At  a  m in imum,  
MANUFACTURERS  shou ld  i nvest  su ffi cien t  resources  to  ensure  that  a  MEDICAL DEVICE  i s  safe  and  
effective  when  used  as  i n tended  by the  MANUFACTURER ,  noti ng  that  a  larger i nvestment  m ight  
boost  the  USABILITY  and  commercial  prospects  of  a  MEDICAL DEVICE .  Add i ti onal  i n formation  i s  
found  i n  5 . 2 .  

I t  i s  vi tal  to  execu te  the  USABILITY ENGINEERING  pro ject  i n  a  t imely manner,  rather  than  perform  
the  work retrospecti vely when  a  MEDICAL DEVICE  i s  i n  the  l ater stages  of  development.  
Perform ing  the  work l ate  has  been  shown  to  produce  fewer benefi ts  and  i ncreases  the  RISK  
that  a  MEDICAL DEVICE  does  not  meet  the  needs  of  USERS .  

Another hal lmark of  an  effecti ve  USABILI TY ENGINEERING  pro ject  i s  a  h i gh  degree  of  i n tegrati on  
wi th  other eng ineeri ng ,  design ,  and  even  marketing  acti vi ti es.  I deal l y,  a  USABILI TY ENGINEERING  
pro ject  i s  s tructured  and  t imed  so  that  i t  runs  smooth ly  i n  con junction  wi th  other MEDICAL 

DEVICE  development  acti vi t i es,  such  as  the  exploration  of  various  USER I NTERFACE  mechan isms,  
the  se lection  of  a  d i splay technology,  the  construction  of  APPEARANCE  MODELS  by  i ndustrial  
designers,  the  choice  of  USER I NTERFACE  development  too ls ,  and  feature  se lection .  I n  contrast,  
poorly  t imed  USABILI TY ENGINEERING  acti vi ti es  can  produce  usefu l  design  i ns igh ts,  bu t  not  at  a  
poin t  i n  the  development  PROCESS  when  they can  be  implemented  effi cien tly  and  effectively.  

6.5  R ISK MANAGEMENT  as  i t  relates  to  USABILITY ENGINEERING  

6 .5.1  R ISK ANALYSIS  

The  MANUFACTURER  shou ld  i n tegrate  USABILI TY ENGINEERING  and  RISK MANAGEMENT  e fforts .  The  
documentation  of  USE  ERROR HAZARD  analysis  shou ld  be  shared  by the  persons  responsible  for 
RISK MANAGEMENT  and  USABILITY ENGINEERING .  For example,  a  shared  USE  ERROR HAZARD  
analysis  document  can  be  an  i npu t  to  both  the  RISK MANAGEMENT  team  and  USABILITY 

ENGINEERING  team.   

The  MANUFACTURER  shou ld  treat  USE  ERRORS  i n  the  same  manner as  other MEDICAL DEVICE  
fai l u res,  such  as  mechan ical  or  e lectrical  componen t  fai l u res  and  software  anomal ies,  for 
example,  recogn izi ng  that  USER INTERFACE  des ign  shortcomings  can  lead  to  USE  ERRORS ,  
wh ich  i n  tu rn  can  l ead  to  s i gn i fi can t  HARM .  I EC  62366-1 :201 5,  Table  B. 2,  con tains  examples  of  
USE  ERRORS ,  wh ich  are  part  o f  the  sequence  of  events  that  l ead  to  HAZARDOUS  S ITUATIONS  
l ead ing  to  HARM .  The  MANUFACTURER shou ld  consider a  wide  range  of  possible  USE  ERRORS .   

USE  ERRORS  d i ffer  from  componen t fai lu res  i n  that  i t  i s  typical l y  more  d i ffi cu l t  to  estimate  wi th  
accuracy the  probabi l i ty  of  a  USE  ERROR  occurring .  Because  of  the  d i ffi cu l ty  of  determ in ing  the  
probabi l i t ies  of  occurrence  of  USE  ERROR ,  MANUFACTURERS  shou ld  focus  primari ly  on  the  
SEVERITY  o f  the  poten tial  HARM  rather than  on  the  RISK  derived  from  the  combination  of  
SEVERITY  and  USE  ERROR  probabi l i ty.   

I n  the  development  of  a  MEDICAL DEVICE ,  the  MANUFACTURER shou ld  consider poten tial  USE  

ERRORS  such  as:  

a)  perform ing  an  i ncorrect  action  ( i . e .  an  error of  commission ) ;  and  

b)  i ncorrectly  om i tti ng  a  necessary action  ( i . e .  an  error of  om ission ) .  

When  design ing  a  MEDICAL DEVICE ,  a MANUFACTURER  shou ld  consider the  factors  that  m igh t  
i nduce  USE  ERROR ,  such  as  the  fo l l owing :  

c)  envi ronmental  d i stractions;  

d )  excessive  workload ;  
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e)  fatigue;  

f)  i natten tion ;  

g )  i nsu fficien t  experience  wi th  the  type  of  MEDICAL DEVICE ;  

h )  i nsu ffi cien t  train i ng ;  

i )  l ack of  fam i l iari ty  wi th  term inology;  

j )  l ack of  f l uency i n  the  l anguage  used  by the  MEDICAL DEVICE  and  associated  l earn ing  tools  
(e. g .  ACCOMPANYING  DOCUMENTATION ) ;  

k)  USER  impai rments  (e . g .  vi s i on ,  hearing ,  body movement,  cogn i tion ) ;  

l )  m isappl ication  of  experience  using  other  existing  MEDICAL DEVICES  ( i . e .  negati ve  transfer of  
l earn ing ) ;  

m )  overcon fidence  i n  one's  capabi l i t ies;  

n )  organ isati onal  h ierarchy (due  to  po l i ci es,  i n ternal  relationsh ips  or  external  requ i rements) ;  

o )  working  at  a  fast  pace;  and  

p)  TASK  i n terruptions.  

Add i tional  i n formation  i s  con tained  IEC  62366-1 :201 5,  Annex A rationale  to  3 . 21 ,  regard ing  
the  causes  of  USE  ERROR .  

6.5.2  R ISK CONTROL  

To reduce  use-related  RISK,  a  SAFETY  pri nciple  i s  that  one  or  more  of  the  fo l lowing  opti ons  are  
used  i n  the  priori ty  l i s ted  (as  requ i red  by ISO 1 4971 :2007,  6 . 2) :  

a)  i nherent  SAFETY  by  design ;  

b)  protecti ve  measures  i n  the  MEDICAL DEVICE  i tse l f  or  i n  the  manu factu ri ng  PROCESS ;  and  

c)  i n formation  for  SAFETY.  

I nheren t  SAFETY  by  design  i s  the  f i rst  option ,  because  i t  i s  most  l i ke ly to  effecti vely reduce  the  
RISK  or  even  remove  i t .  The  best  way to  prevent  a  USE  ERROR  and  the  possible  resu l ti ng  HARM  
i s  to  e l im inate  a  HAZARDOUS  S I TUATION  a l together.   

Another way to  design  a  MEDICAL DEVICE  i s  wi th  bu i l t- i n  protections  against  USE  ERRORS .  

EXAMPLES  Phys i cal  g uards  over  a  cri t i cal  con tro l ,  an  i n terl ock preven ti ng  acci den tal  con tro l  acti ons ,  requ i ri ng  
USERS  to  con fi rm  cri t i cal  acti ons .   

Protecti ve  measures  i n  the  MEDICAL DEVICE  i tse l f  or  i n  the  manu facturi ng  PROCESS  are  the  
second  option .  Such  measures  can  fai l  i n  some s i tuations  or rel y  on  the  abi l i ty  o f  a  human  
being  to  react  i n  order  for  them  to  be  effecti ve.  

NOTE  1  A  person  can  fai l  to  react  for  a  n umber o f  reasons.   

Protecti ve  measures  however are  often  used ,  al so  as  a  supplement  to  design  RISK CONTROL  
measures  that  by  themselves  cannot  reduce  the  RISK  to  an  acceptable  level .  Examples  are  
l i s ted  i n  I EC  62366-1 :201 5,  Table  B.2.  

The  last  opti on  i s  i n formation  for  SAFETY.  The  reason  i t  i s  l i s ted  last  i s  because  i n  order for  
i n formation  for  SAFETY to  be  effecti ve,  i t  depends  on  the  fo l lowing .  

a)  The  opportun i ty  for the  USER  to  gain  access  to  the  i n formation .  Th is  i s  sometimes  d i ffi cu l t  
(e. g .  when  a paper i nstructions  for  use  has  been  separated  from  the  MEDICAL DEVICE  o r  a  
trai n ing  session  i s  needed ,  bu t  not  carried  ou t) .  

b)  The  abi l i ty  o f  the  USER  to  l earn  from  the  i n formation .  Even  i f  the  i n formation  for  SAFETY  
has  been  demonstrated  to  be  perceivable,  be  understandable  and  to  support  CORRECT USE ,  
i t  m igh t  not  always  obtain  the  same level  of  EFFECTIVENESS  as  a  RISK CONTROL  measure  by 
design .  
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c)  The  abi l i ty  of  the  USER  to  recal l  the  i n formation  for SAFETY.  

However,  i n formation  for SAFETY  can  be  needed  and  appropriate,  both  for  RISKS  that  otherwise  
wou ld  be  unacceptable,  as  wel l  as  for  RISKS  that  wh i le  acceptable  are  sti l l  l i ke ly to  cause  
even ts  that  USERS  therefore  shou ld  be  warned  against.   

NOTE  2  The  generi c  term  ‘warn i ng ’  can  refer  to  one  o f  several  speci fi c  i nd i cat i ons  that  u t i l i ze  the  s i gnal  words  
danger,  warn i ng ,  cau ti on  and  not i ce.   

I n  add i ti on ,  i n formation  for SAFETY  i s  not  always  a warn ing ,  bu t  can  be  i nstructi ons  i n  CORRECT  
USE  o f  the  MEDICAL  DEVICE  ( i . e .  not  a  warn ing  or  precau tion)  and  th i s  can  be  an  effecti ve  RISK 

CONTROL  measure.   

I n formation  for  SAFETY  can  also  be  requ i red  by product  standards  and  other sources.  
Add i ti onal  i n formation  i s  found  i n  6 . 5.3 .  

The  SAFETY  principle  of  the  th ree  options  of  RISK CONTROL  appl ies  both  to  MEDICAL DEVICE  
fai l u res  and  to  USER INTERFACE  to  preven t  USE  ERRORS .  A design  change  ou ts ide  the  USER 

I NTERFACE  to  reduce  USE  ERROR  shou ld  be  appl i ed  before  a  protecti ve  measure  i n  the  USER 

I NTERFACE .  As  an  example  i n  the  design  of  a  MEDICAL DEVICE ,  where  a  USE  ERROR  o f  touch ing  
a  l i ve  wi re  cou ld  be  hazardous,  the  MANUFACTURER  shou ld  apply  SAFETY  by  design  (e . g .  by 
chang ing  l i ne  vo l tage  to  battery cel l s) ,  before  i n troducing  a  protective  measure  (e. g .  by us ing  
a  removable  hood  covering  the  power supply) .   

I nheren t  SAFETY  ( i . e .  a  redesign  i n  the  USER  INTERFACE )  shou ld  be  appl ied  before  i n troducing  
protecti ve  measures  (e . g .  an  ALARM  SYSTEM ) ,  wh ich  again  shou ld  come before  i n troducing  
more  i n formation  for  SAFETY.   

When  choosing  whether to  apply  more  than  one  option ,  the  MANUFACTURER  shou ld  not  on ly  
evaluate  whether the  RISK  i s  acceptable,  bu t  also  estimate  whether the  option  can  fu rther 
reduce  the  RISK,  acceptable  or  not.  For example,  an  add i ti onal  warn ing  against  an  un l i kely 
even t  m igh t  not  be  effecti ve,  whereas  a warn ing  against  a  l i kely  al though  acceptable  RISK,  can  
better support  USER  needs  and  shou ld  therefore  be  implemented .  

The  MANUFACTURER  shou ld  use  USABILI TY ENGINEERING  to  assess  the  adequacy of  RISK 

CONTROL  measures  implemented  i n  the  USER I NTERFACE ,  i nclud ing  i n formation  for  SAFETY (as  
requ i red  by I SO 1 4971 ) .  The  USABILITY ENGINEERING  PROCESS  shou ld  al so  be  used  to  
i nvestigate  new RISKS  ari s i ng  from  RISK CONTROL  measures  implemented  i n  the  USER 

I NTERFACE  (as  requ i red  by I SO 1 4971 ) .  I n  order to  assess  the  adequacy of  RISK CONTROL  
measures,  several  techn iques  capable  of  i den ti fying  possible  USE  ERROR  can  be  appl ied  
rang ing  from  heuri stic  analysis  to  USABILITY TESTING .  C lause  E. 1 1  con tains  add i ti onal  
considerations  on  us ing  heuristic  analysis .  

I n formation  for  SAFETY  and  overal l  RESIDUAL RISKS  weighed  against  benefi t  i s  described  i n  
I SO/TR 24971 :201 3,  C lause  5.  [3 ]  

6.5.3  In formation  for  SAFETY  

I n formation  for SAFETY,  i nclud ing  i nstructi ons  for  use  and  other ACCOMPANYING  DOCUMENTATION  
i s  considered  part  of  the  USER INTERFACE .  I n formation  for  SAFETY  shou ld  be  considered  from  
the  start  and  subjected  to  the  same USABILI TY ENGINEERING  PROCESS .  I n formation  for  SAFETY  
shou ld  also  be  an  i npu t  to  development  of  train i ng  material .  

Proving  that  i n formation  for  SAFETY  i s  effecti ve  i s  an  importan t  acti vi ty.  MANUFACTURERS  
shou ld  use  i terati ve  FORMATIVE  EVALUATION  du ri ng  the  course  of  developing  i n formation  for 
SAFETY  and  conclude  the  PROCESS  by  SUMMATIVE  EVALUATION  o f  i n formation  for  SAFETY.  The  
MANUFACTURER  determ ines  that  th is  i n formation  i s  effecti ve,  mean ing  i t  i s :  

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

c)  supports  CORRECT USE  o f  the  MEDICAL DEVICE ;  and  

by the  i n tended  USER  i n  the  i n tended  USE  ENVIRONMENT .   

Th is  considers  both  text  (cf.  general  and  heal th  l i teracy)  as  wel l  as  symbols,  i cons,  and  
images  (cf.  vi sual  l i teracy,  cu l tu ral  d i fferences  i n  image  perception ) .  

Trad i ti onal l y,  i n formation  for  SAFETY  takes  the  physical  form  of  a  prin ted  document  or  i s  
provided  as  markings  upon  the  MEDICAL DEVICE .  However,  compu ter-based  MEDICAL DEVICES  

(e. g .  PATIENT  mon i tor,  ven ti lator,  d ialysis  mach ine,  i n fus ion  pump)  can  presen t  i n formation  for  
SAFETY  i n  an  e lectron ic  format.  I n  add i tion ,  some MEDICAL DEVICES  (e . g .  nebu l i zer,  pen  i n jector,  
g lucose  meter)  are  del i vered  wi th  the  expectation  that  at  l east  some USERS  access  i n formation  
for  SAFETY  u s ing  supplemental  tools ,  such  as  a  DVD  player or compu ter connected  to  the  
I n ternet.  Refer to  1 5 .5  for  more  detai l s  on  how to  design  i n formation  for  SAFETY  and  other  
trai n i ng  material .  

When  developing  i n formation  for  SAFETY,  i t  i s  importan t  to  i den ti fy  to  whom  th i s  i n formation  i s  
to  be  provided  and  how i t  i s  to  be  provided .  The  MANUFACTURER shou ld  provide  an  explanation  
of  the  RISK,  the  consequences  of  exposure  to  the  HAZARD  and  what  shou ld  be  done  or avoided  
to  preven t  HARM .  By i den ti fying  the  RISK  and  the  consequences  of  exposure  and  by provid ing  
clear i nstructi ons  to  the  USERS ,  wh ich  wou ld  enable  them  to  avoid  the  HAZARDOUS  S ITUATION ,  
the  l i kel ihood  of  the  USERS  be ing  exposed  to  that  HAZARD  can  be  decreased .  

Examples  for  i n formation  for  SAFETY  that  can  reduce  the  l i kel ihood  of  USE  ERROR  are:  

EXAMPLE  1  WARN ING:  To  avoi d  the  RISK  o f  e l ectri cal  shock always  unpl ug  th i s  devi ce  from  mains  power before  
c l ean i ng  i t .   

EXAMPLE  2  WARN ING:  Do  not  reuse  th i s  devi ce  or  any o f  i ts  componen ts.  Mu l t i p l e  u ses  can  l ead  to  devi ce  
mal fu ncti on  or  cross-con tam inati on  o f  the  PATIENT .  

Whi le  the  standard  recogn izes  that  wel l -designed  i n formation  for  SAFETY  can  reduce  the  
l i kel ihood  of  USE  ERROR ,  i t  i s  usual l y  l ess  effective  at  reducing  RISK  than  a  design  measure  
(e. g .  some USERS  m igh t  not  understand  the  i n formation  for  SAFETY  o r  pri n ted  i n formation  m ight  
be  separated  from  the  MEDICAL DEVICE )  and  MANUFACTURERS ,  when  practicable,  shou ld  avoid  
making  i n formation  for  SAFETY  the  primary means  of  preven ting  USE  ERROR .  I n formation  for 
SAFETY  does  not  always  succeed  i n  reducing  the  l i kel ihood  of  USE  ERROR .  There  are  also  
cases  i n  wh ich  i t  can  be  necessary to  i nstruct  the  USER  h ow to  manage  an  exceptional  
s i tuation  (e. g .  an  emergency or  unusual  s i tuati on ) .   

An  example  of  explain ing  a  SAFETY  featu re  of  a  MEDICAL  DEVICE :  

EXAMPLE  3  The  ye l l ow l i gh t  on  top  o f  the  C-Arm  hous ing  i s  f l ash i ng  and  the  d i spl ay f l ashes  the  ye l l ow i on i z i ng  
rad i ati on  warn ing  s i gn  wh i l e  the  C-arm  em i ts  rad i ati on .  

An  example  of  i n formation  for SAFETY  i n structing  the  USER  i n  manag ing  an  exceptional  
s i tuation :  

EXAMPLE  4  I n  case  o f  an  emergency evacuati on ,  do  the  fo l l owi ng  f i ve  steps  ( i n  the  o rder l i s ted )  before  movi ng  
the  PATIENT :  

1 )  U npl ug  the  MEDICAL DEVICE  and  s tore  the  cable .   

2 )  Move  the  bed  su rface  to  the  l owest  l evel  poss i bl e  by push i ng  the  mechan i cal  re l ease  bu tton .  

3 )  Mon i tor  the  PATIENT  d u ri n g  movement  of  the  bed  su rface.  

4)  L i f t-up  the  s i de-rai l  l e ft  and  ri gh t  o f  the  beds i de.  

5 )  Un l ock casters  and  transport  PATIENT  ou t  o f  the  room .  

Despi te  al l  e fforts  the  MANUFACTURER  m i gh t  have  undertaken  to  reduce  the  MEDICAL DEVICE ’S  
RISKS  as  l ow as  reasonably  practicable,  there  can  be  sti l l  RISKS  that  cannot  be  fu rther reduced  
and  remain  as  the  RESIDUAL RISKS .  These  RISKS  are  often  i nheren t  to  the  operating  principle  
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and  cannot  be  reduced  by any other RISK CONTROL .  I n formation  for  SAFETY  can  be  used  to  
i n form  the  USER  about  the  existence  of  such  RESIDUAL RISKS .   

As  wi th  other i n formation  for  SAFETY,  the  d isclosu re  of  RESIDUAL RISK  can  be  g i ven  i n  various  
forms  such  as  a  wri tten  i n formation  i n  the  ACCOMPANYING  DOCUMENTATION ,  as  a  warn ing  label  
attached  to  a  MEDICAL DEVICE  or as  a  SAFETY  message  on  a  d isplay of  a  USER INTERFACE .  

Examples  of  d i sclosure  of  RESIDUAL RISKS  ( the  fo l l owing  examples  assume  that  the  RISK  
described  cannot  be  fu rther reduced  by any other RISK CONTROL) :  

EXAMPLE  5  Do  not  s tep  on  su rface ,  enclosu re  wi l l  break.  

EXAMPLE  6  Do  not  remove  cover,  RISK  o f  e l ectri c  shock.  

EXAMPLE  7  Serum  samples  con tai n i ng  more  than  60  mg /d l  h aemog lobi n  i n terfere  wi th  the  test  pri nci pl e ,  thereby 
l im i t i ng  the  EFFECTIVENESS  o f  the  d i agnosti c  resu l t .  

EXAMPLE  8  Hot  su rface  (>80  °C) ,  do  not  touch .  

EXAMPLE  9  Th i s  X-ray MEDICAL  DEVICE  em i ts  s tray rad i at i on  as  shown  i n  the  fo l l owi ng  rad i at i on  scatter  d i ag ram .  
Wh i l e  operati ng  th i s  MEDICAL DEVICE  u se  x- ray pro tecti ve  cl o th i ng  and  avo i d  s tayi ng  cl ose  to  the  med i cal  devi ce.  

Onl ine  help  i s  yet  another common  form  of  i n formation  SAFETY.  On l ine  help  m igh t  s imply be  
an  electron ic  man i festation  of  the  prin ted  USER  manual ,  or  i t  m igh t  be  special l y  tai lored  to  
optim ize  commun icati on  via  a  compu ter USER  INTERFACE  i n  p lace  of  a  physical  document.  
Moreover,  i t  can  take  fu l l  advantage  of  the  e lectron ic  form  by presenting  some  con ten t  i n  the  
form  of  an imations,  vi deo,  and  spoken  i nstructions.  

Depending  on  thei r  characteri stics  and  expected  use,  i n formation  for  SAFETY  cou ld  take  more  
forms  such  as  checkl i sts ,  posters,  and  package  i nserts.  Train ing  materials  that  are  subject  to  
change  over t ime  are  not  considered  to  be  i n formation  for  SAFETY  i f  thei r  use  i s  restri cted  to  
train i ng  sessions  bu t  are  not  expected  to  be  used  i n  the  con text  of  actual  MEDICAL DEVICE  u se.  

I n formation  for  SAFETY  can  exist  i n  a  s ing le  place  (e . g .  USER  manual )  or  dupl i cative  forms  that  
consider the  use  model .  For example,  con ten t  can  be  provided  both  i n  a  concise  form  (e. g .  
qu ick reference  gu ide)  used  at  a  poin t-of-care  as  wel l  as  i n  a  more  comprehensive  form  (e. g .  
USER  manual )  used  away from  the  po in t-of-care  (e. g .  nu rses  station ,  b iomed ical  department) .  

When  considering  the  design  and  evaluati on  of  i n formation  for  SAFETY,  there  m igh t  not  be  a 
clear  d istinction  between  what  many people  wou ld  consider to  be  classic  USER INTERFACE  
e lements  (e. g .  parametri c  d isplays,  menus)  versus  i n formation  for  SAFETY  ( i nstructi ons  for  
use) .  U l t imately,  i t  can  be  d i ffi cu l t  and  unproductive  to  d i fferen tiate  sharply  between :  

a)  on l ine  help;  and  

b)  a  USER  selectable  option  to  read  i nstructions  i n  the  cou rse  of  perform ing  a  TASK.   

Importan tly,  both  comprise  a  MEDICAL DEVICE ’S  overal l  USER INTERFACE  and  warran t  SUMMATIVE  

EVALUATION .  Add i t ional  i n formation  i s  found  i n  C lause  1 7.  

6.5.4  Overal l  evaluation  of  RESIDUAL RISK  

The  subsequen t  overal l  evaluation  of  RESIDUAL RISK,  wh ich  i s  requ i red  accord ing  to  
I EC  62366-1 :201 5,  5 . 9  and  I SO 1 4971 :2007,  i s  on ly  possible  when  considering  the  en ti re  set  
o f  RISKS  associated  wi th  the  MEDICAL DEVICE .  These  i nclude  RISKS  caused  by MEDICAL  DEVICE  
fai l u res  as  wel l  as  those  caused  by USE  ERROR .   

6.6  USABILITY ENGINEERING  FILE  

MANUFACTURERS  shou ld  store  RECORDS  o f  USABILI TY ENGINEERING  acti vi t i es  to  establ i sh  a  
USABILITY ENGINEERING  FILE .  The  i n formation  acqu i red  th roughou t  the  USABILITY ENGINEERING  

PROCESS  serves  as  i nd ispensable  resource  and  i npu ts  for  many subsequent  development 
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acti vi t i es.  Having  those  RECORDS  easi l y  avai lable  can  be  of  g reat  benefi t  for  the  development  
team.  Annex D  summarizes  the  major  end  product  RECORDS  created  du ring  the  USABILI TY 

ENGINEERING  PROCESS .   

The  RECORDS  created  by conducti ng  the  USABILITY ENGINEERING  PROCESS  a l so  provide  
OBJECTIVE  EVIDENCE  for  the  acti vi ti es  requ i red  by IEC  62366-1  and  are  necessary to  
demonstrate  compl iance  to  that  s tandard .  

USABILITY ENGINEERING  RECORDS  can  i nclude  wri tten  documents  bu t  al so  photographs  and  
video  material  that  m ight  be  col lected ,  for  example,  wh i le  i n teracti ng  wi th  prospective  USERS  
du ring  USER  i n terviews,  f i e ld  observations,  or  USABILI TY TESTS .   

I n  fact,  the  USABILI TY ENGINEERING  PROCESS  has  close  re lationsh ips  to  other PROCESSES  such  
as  the  product  real i zation  PROCESS  (as  described  i n  I SO 1 3485  [9 ] )  or  the  RISK MANAGEMENT 

PROCESS .  Resu l ts  of  the  USABILITY ENGINEERING  acti vi ti es  d i rectly  feed  i n to  those  PROCESSES  
and  supplement  thei r  RECORDS .  I t  can  be  practi cal  to  i n tegrate  RECORDS  from  the  USABILI TY 

ENGINEERING  PROCESS  i n to  documents  or  f i l es  of  those  other PROCESSES ,  for example  the  
fo l lowing .  

a)  The  USER INTERFACE  SPECIFICATION  can  form  part  of  the  product  speci fi cation  of  the  overal l  
product  real i zation  PROCESS .   

b)  For a  software  USER INTERFACE ,  the  USER INTERFACE  SPECIFICATION  can  be  part  of  the  
software  requ i rements  speci fi cation  requ i red  by a  software  development  PROCESS .  

c)  The  USABILITY EVALUATION  PLAN  can  form  part  o f  the  veri f i cation  and  val i dation  plan  of  the  
overal l  product  real i zation  PROCESS .  

d )  The  analysis  of  known  use  problems  and  the  analysis  of  foreseeable  USE  ERRORS  can  be  
part  o f  the  RISK MANAGEMENT FI LE .  

6.7 Tai loring  the  USABILITY ENGINEERING  effort  

I t  i s  importan t  to  tai l or  the  USABILITY ENGINEERING  project  to  su i t  a  particu lar MEDICAL DEVICE  
development  effort.  Some  MEDICAL DEVICES  pose  l i tt le  RISK  created  by USABILI TY  problems  
wh i le  others  cou ld  presen t  an  unacceptable  RISK  u n less  the  HAZARDS  are  prospectively 
i den ti fied  and  thei r  causes  con tro l led .  For  th is  reason ,  and  as  men tioned  earl i er  i n  th i s  report,  
a  USABILI TY ENGINEERING  pro ject  m igh t  span  j ust  weeks  on  one  extreme  and  years  on  the  other 
extreme.  

Note  that  a  MEDICAL DEVICE  wi th  more  functions  (e. g .  haemodialysis  equ ipment,  MRI  scanner 
or  anaesthesia  workstation )  m igh t  warran t  a  more  extensive  USABILI TY ENGINEERING  pro ject  
than  a  functional l y  s impler MEDICAL DEVICE  (e . g .  l ancing  device,  nebu l i zer or  
sphygmomanometer) .  However,  a  s impler  MEDICAL DEVICE  m igh t  pose  g reater RISKS  
associated  wi th  USABILITY  and  cal l  for  much  more  USABILITY ENGINEERING  work to  con trol  the  
RISKS .  The  probabi l i ty  of  occurrence  of  encoun teri ng  a  HAZARD ,  wh ich  i s  one  componen t  of  
RISK,  can  be  very d i ffi cu l t  to  estimate,  especial l y  for  a  novel  MEDICAL DEVICE  for  wh ich  no  
POST-PRODUCTION  data are  avai lable.  Therefore,  the  SEVERITY  o f  the  poten tial  HARM  associated  
wi th  the  use  of  a  MEDICAL DEVICE ,  prior to  RISK CONTROL ,  shou ld  be  the  principal  consideration  
when  tai loring  a  USABILI TY ENGINEERING  pro ject.  

Another tai lori ng  consideration  i s  when  the  development  effort  mod i fies  an  existing  USER 

I NTERFACE ,  wh ich  suggests  a  smal ler-scale  USABILITY ENGINEERING  e ffort  focused  on  the  
changed  e lements  of  the  USER INTERFACE  and  thei r  effects  on  the  use  of  the  MEDICAL DEVICE .  
The  unchanged  e lements  of  the  USER INTERFACE  m igh t  not  need  add i tional  USABILI TY 

ENGINEERING  e ffort.  I f  the  mod i fi cati ons  do  not  affect  the  USER  INTERFACE  and  the  USE  

SPECIFICATION  i s  unchanged ,  no  add i t ional  USABILITY ENGINEERING  effort  can  be  needed .  
Another tai l ori ng  s i tuation  m igh t  ari se  when  modi fi cations  are  made  to  an  existing  USER 

INTERFACE  for  wh ich  USABILI TY ENGINEERING  RECORDS  accord ing  to  a  previous  USABILI TY  
s tandard  ( i . e .  I EC  62366  or references  [1 1 ]  and  [1 2] )  are  avai lable.   
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Accord ing ly,  a  MEDICAL DEVICE -speci fi c  USABILITY ENGINEERING  pro ject  m igh t  describe  acti vi ties  
spann ing  weeks,  months,  or  even  years.  I n i t i al  USER research  efforts  and  subsequen t  
USABILITY TEST  e fforts  m igh t  be  l im i ted  (e . g .  i nvolve  l ess  than  1 0  participan ts)  or  more  
extensive  (e. g .  i nvolve  50  or  many more  people) .  The  resu l ti ng  USER  I NTERFACE  des ign  m igh t  
have  many hardware  and  software  e lements,  or  j ust  a  few,  and  USERS  m igh t  re ly  primari l y  on  
a  comprehensive  ACCOMPANYING  DOCUMENTATION ,  a  s impler i nstruction  sheet  or  i n tu i tion  alone.  

USABILITY ENGINEERING  acti vi t ies  that  can  be  tai lored  i nclude  the  fo l l owing .  

a)  Background  USER  research  – the  exten t  of  USER  research  needed  to  develop an  
appropriate  and  comprehensive  set  of  USER  needs.  For  example,  i t  m igh t  or m igh t  not  be  
necessary to  conduct  USER  research  i n  al l  o f  the  i n tended  markets  (e . g .  mu l tiple  coun tries) .  

b)  USER  INTERFACE  des ign  – the  number of  USER INTERFACE  des ign  i terations  necessary to  
converge  on  an  optimal  so lu tion .  I n  some  cases,  a  development  team  m igh t  settle  on  a 
s ing le  design  after  a  few design  i terations.  I n  o ther cases,  the  natu re  of  the  MEDICAL 

DEVICE  i n  development  m igh t  warran t  many more  design  i terati ons  to  progress  effecti vely 
from  mu l tiple  concepts  to  a  smal l  number of  pre l im inary designs  to  a  s i ng le  refi ned  design  
and ,  f i nal l y,  to  a  fi nal  design .  

EXAMPLE  1  For  l ess  complex  products  (e . g .  a  bedpan ) ,  th e  devel opmen t  team  m igh t  sett l e  on  the  f i nal  
des i gn  after  few i terat i ons.  For  more  complex  products  (e . g .  a  d i al ys i s  mach i ne) ,  the  deve lopmen t  prog resses  
from  mu l t i pl e  concepts  o f  each  modu l e  o f  the  MEDICAL  DEVICE  th rough  an  i terati ve  PROCESS  o f  many cycles  to  
get  to  the  f i nal  des i g n  o f  the  MEDICAL DEVICE .   

c)  FORMATIVE  EVALUATION  – the  quan ti ty and  complexi ty  of  FORMATIVE  EVALUATIONS  performed  
i n  advance  of  the  SUMMATIVE  EVALUATION  and  the  quanti ty  of  participan ts  i ncluded  i n  those  
tests.  

The  need  to  assess  mu l ti ple  design  opti ons  and  resolve  pers isti ng  USER  i n teracti on  
problems  m igh t  l ead  a  development  team  to  conduct  several  FORMATIVE  EVALUATIONS  o f  
varying  focus  and  formal i ty.  

EXAMPLE  2  A  MANUFACTURER  es tabl i shed  a  pro j ect  p l an  cal l i ng  fo r  at  l east  two  FORMATIVE  EVALUATIONS  pri or  
to  the  SUMMATIVE  EVALUATION  d u ri ng  a  developmen t  PROCESS .   

EXAMPLE  3  A  MANUFACTURER  deci ded  not  to  perform  any FORMATIVE  EVALUATION  because  the  USER  

I NTERFACE  h ad  al ready undergone  SUMMATIVE  EVALUATION ,  and  the  on l y  change  was  to  add  a  new (bu t  very  
s im i l ar)  i n tended  USER  GROUP .  

NOTE  Good  USABI LI TY ENG INEERING  practi ce  suggests  conducti ng  at  l east  one  FORMATIVE  EVALUATION  ahead  
o f  a  SUMMATIVE  EVALUATION .  

d)  SUMMATIVE  EVALUATION  – the  quan ti ty  and  complexi ty  of  SUMMATIVE  EVALUATIONS  performed  
and  the  quan ti ty  of  parti cipants  i ncluded  i n  those  tests.  I n  some  cases,  a  s i ng le  USABILITY 

TEST  wi th  a  s i ng le  USER  GROUP  cou ld  serve  to  assess  al l  the  HAZARD -RELATED  USE  

SCENARIOS  re levan t  for  al l  the  i n tended  USERS .  I n  o ther cases,  mu l tiple  USABILITY TEST  
sessions  m igh t  be  requ i red  to  assess  al l  the  HAZARD -RELATED  USE  SCENARIOS ,  or  d i fferen t  
sets  of  HAZARD -RELATED  USE  SCENARIOS  cou ld  be  assessed  i n  sessions  held  wi th  each  of  
the  USER  GROUPS  that  has  d istinct  responsibi l i t i es  re lati ve  to  the  MEDICAL DEVICE  (e. g .  
i nstal lation ,  cl i n ical  use  or  main tenance) .  I f  the  resu l ts  of  the  SUMMATIVE  EVALUATION  
i nd icate  that  e lements  of  the  USER  INTERFACE  requ i re  mod i fi cation  to  reduce  the  RISKS  to  
acceptable  levels,  add i tional  SUMMATIVE  EVALUATIONS  cou ld  be  performed  to  assess  on ly  
those  USER  i n teractions  and  portions  of  the  USER  INTERFACE  affected  by the  mod i fi cations.   

Good  USABILI TY ENGINEERING  practice  considers  the  RISK  and  complexi ty  of  USER  INTERFACE  
for  determ in ing  how many SUMMATIVE  EVALUATIONS  ( i f  any)  shou ld  be  performed.  Add i tional  
i n formation  i s  found  i n  C lause  1 2 .  

7 Overview of  the  USABILITY ENGINEERING  PROCESS  

USABILITY ENGINEERING  PROCESS  activi t i es  shou ld  be  al i gned  wi th  other development  acti vi ties.  
S im i lar  to  o ther  kinds  of  pro jects,  such  as  those  developed  to  ensure  manu factu ri ng  qual i ty  or  
MEDICAL DEVICE  re l iabi l i ty,  USABILITY ENGINEERING  PROCESS  acti vi t i es  are  normal l y described  i n  
a  detai led  plan .  The  plan  can  ei ther be  a separate  plan  or be  i n tegrated  i n to  the  overal l  
development  p lan .  Add i t ional  i n formation  i s  found  i n  6 . 2.  
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Fi gure  1  i l l ustrates  an  example  of  a  USABILITY ENGINEERING  pro ject.  The  example  describes  a 
p lan  for  the  development  of  a  g raph ical  USER  INTERFACE .  I t  demonstrates  how the  d i fferen t  
methods  described  i n  th is  techn ical  report  can  be  used  to  support  the  USER  INTERFACE  
development.  To  help  understand  how the  methods  men tioned  i n  th i s  exemplary USABILITY 

ENGINEERING  pro ject  re late  to  the  subsequen t  C lauses  of  th is  report,  the  correspond ing  clause  
head ings  are  designated  i n  the  respecti ve  phases.  These  correspond ing  Clauses  8  to  1 8  
provide  detai led  gu idance  on  the  implementati on  of  a  USABILITY ENGINEERING  pro ject.  
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8 Prepare USE SPECIFICATION

9 Identify characeristics for SAFETY

10 Identify HAZARDS  and  HAZARDOUS SITUATIONS  

11  Identify and  describe HAZARD-RELATED USE SCENARIOS

12 Select HAZARD-RELATED USE SCENARIOS  for SUMMATIVE EVALUATION

14 Establ ish  USER INTERFACE EVALUATION  plan

13 Establ ish  USER INTERFACE SPECIFICATION

15 Design  and  implement the USER INTERFACE

16 Perform FORMATIVE EVALUATIONS
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17 Perform SUMMATIVE EVALUATION

Conduct contextual  inquiries Conduct focus group with  advisory panel

Conduct TASK analysis 

incl .  PCA analysis

Conduct workshop with  RISK MANAGEMENT  team

Identify,  describe,  and  categorize 

HAZARD-RELATED USE SCENARIOS

Develop USER INTERFACE  

design  concepts

Create wireframe 

prototype

FORMATIVE EVALUATION :  

Cognitive walkthrough

FORMATIVE EVALUATION :  

Expert reviews

Develop graphics design  

concepts

Create high-fidel ity 

prototype

FORMATIVE EVALUATION:  

USABILITY TEST
Refine USER INTERFACE  design

Implement USER INTERFACE

 in  product

SUMMATIVE EVALUATION:  USABILITY TEST 

Evaluate RESIDUAL RISKS  related  to USABILITY according to ISO 14971:2007,  6.4

FORMATIVE EVALUATION:  

USABILITY TEST
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NOTE  An  explanati on  of  PCA anal yses  i s  found  i n  C l ause  E . 1 5 .  

Figure  1  – Example  of  a  USABILITY ENGINEERING  project  for  a  g raphical  USER INTERFACE  
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The  example  project  i s  laid  ou t  i n  fou r phases:  

a)  USER  research ;  

b)  analysis;   

c)  design  and  FORMATIVE  EVALUATION ;  and  

d )  SUMMATIVE  EVALUATION .  

The  implementation  phase  i n  th is  example  i s  p lanned  to  have  th ree  i terati ons.  However,  the  
example  also  acknowledges  that  add i ti onal  i terati ons  m igh t  be  necessary i n  case  the  
FORMATIVE  EVALUATION  resu l ts  from  previous  i terations  are  not  satisfactory.  

Detai led  descriptions  of  the  methods  men tioned  i n  the  example  can  be  found  i n  Annex E .  
I EC  62366-1 :201 5,  4 . 1 . 1 ,  perm i ts  the  methods  and  techn iques  as  wel l  as  the  sequence  of  
acti vi ti es  and  phases  to  vary between  i nd ividual  USER INTERFACE  development  projects.  

Actual  USABILI TY ENGINEERING  pro jects,  wh ich  are  expected  to  vary widely i n  scale,  can  have  
d i fferen t  phases,  a  more  or  l ess  stri ngent  l i near structu re,  i nvolve  more  or  l ess  design  
i terati on ,  and  cal l  for  d i fferen t  prototyping  approaches,  wh i l e  fu l f i l l i ng  the  same  basic  goal  – 
ensuring  the  comprehensive  appl ication  of  USABILITY ENGINEERING  i n  the  MEDICAL DEVICE  
desi gn  PROCESS .  

8 Prepare the  USE SPECIFICATION  

8.1  In i tiate  USE SPECIFICATION  

The  MEDICAL DEVICE  USE  SPECIFICATION  i s  the  foundation  for  defin ing  the  USER INTERFACE  

SPECIFICATION .  The  elements  of  the  USE  SPECIFICATION  are  fundamental  for  speci fying  and  
design ing  a  MEDICAL DEVICE  and  i ts  USER INTERFACE .  These  e lements  aid  i n  i den ti fyi ng  the  
known  and  foreseeable  HAZARDS  and  HAZARDOUS  SI TUATIONS  re lated  to  the  USER I NTERFACE .  
Understand ing  these  elements  i s  necessary to  develop  an  adequate  USABILITY EVALUATION  

plan .  

A USABILITY ENGINEERING  research  effort's  l og ical  s tarti ng  po in t  i s  to  d raft  a  prel im inary USE  

SPECIFICATION .  The  pu rpose  of  the  prel im inary USE  SPECIFICATION  i s  to  co l l ect  enough  
i n formation  necessary to  help  plann ing  and  conducti ng  USER  research  acti vi ti es  (e. g .  
observations,  i n terviews,  su rveys) .  At  th is  early  i n i ti al  s tage,  the  USE  SPECIFICATION  i s  o ften  
not  yet  based  on  knowledge  gained  th rough  USER  research ,  bu t  i t  rather  assembles  the  
knowledge  that  i s  al ready avai lable  before  any USABILI TY  acti vi t i es  are  started .  Rather than  
being  a  comprehensive  and  detai l ed  RECORD ,  the  prel im inary USE  SPECIFICATION  i s  o ften  very 
h igh - level .  Sometimes  i t  can  be  as  h i gh- level  as  a  pre l im inary draft  of  the  statement  of  
I NTENDED  USE .  I t  wou ld  for example  con tain  the  necessary i n formation :  

a)  to  i den ti fy  the  USER GROUPS  wh ich  are  going  to  be  approached  for  i n terviews;   

b)  to  i den ti fy  the  USE  ENVIRONMENT  wh ich  i s  going  to  be  i nspected ;  or   

c)  to  i den ti fy  the  medical  i nd ications  wh ich  are  needed  to  be  fu rther  explored .  

The  USE  SPECIFICATION  i s  refi ned  over t ime  wh i le  more  knowledge  i s  gained  th rough  USER  
research .  Wh i le  the  USER  research  phase  progresses,  the  level  o f  detai l  and  accuracy of  the  
USE  SPECIFICATION  i ncreases.  New USER  GROUPS  m igh t  be  d i scovered  during  the  USER  
research .  I f  so ,  these  USER  GROUPS  wou ld  be  added  to  the  USE  SPECIFICATION  and  they can  
tri gger  new USER  research  acti vi t ies.  
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8.2  Analyse the  in tended  USERS ,  anticipated  USER  TASKS  and  in tended  USE  
ENVIRONMENTS  

8.2.1  In tended  USERS  

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

Recogn iz ing  that  there  are  importan t  d i fferences  between  USABILI TY ENGINEERING  and  market  
research  focussing  on  a  broader range  of  MEDICAL DEVICE  development i ssues,  
MANUFACTURERS  shou ld  also  conduct  USER  research  wi th  a  USABILI TY ENGINEERING  focus.   

When  USER  research  i ncludes  i n formation  that  m igh t  be  subject  to  data securi ty or  pri vacy 
ru les  or  regu lations  these  ru les  have  to  be  considered  and  fo l lowed.  An  Eth ics  Commi ttee  
review and  in formed  consen t  cou ld  al so  be  requ i red .  Annex F  con tains  add i tional  i n formation .   

USERS  can  i nclude:  

a)  l aypersons  (e . g .  PATIENTS ,  l ay  careg ivers  or  lay  fi rst  responders) ;  

b)  physicians;  

c)  nu rses;  

d )  techn icians  (e . g .  rad io log ical ,  IVD  laboratory,  d ialys is ,  reprocessing ) ;  

e)  therapists;  

f)  pharmacists;  and  

g )  emergency response  personnel  (EMTs,  paramed ics,  med ics) .  

USERS  who  m igh t  not  be  considered  the  primary USERS  can  al so  i nclude:  

a)  assemblers;  

b)  i nstal lers;  

c)  trai ners;  

d )  transporters;  

e)  b iomedical /cl i n ical  eng ineers;  

f)  main tenance  personnel ;  

g )  repai r  personnel ;  

h )  recyclers  (e. g .  decommission ing  or  preparing  for  end-of-service  l i fe  hand l i ng ) ;  

i )  s teri le  processing  personnel ;  and   

j )  admin istrati ve  personnel .  

After  defin ing  the  i n tended  USERS ,  the  MANUFACTURER  shou ld  document  thei r  common  
characteri stics  i n  the  form  of  USER PROFILES .   

A USER PROFI LE  typical l y  describes  the  characteri stics  of  a  s i ng le  d isti nct  USER  GROUP ,  such  as  
nurses.  A USER PROFI LE  cou ld  describe  the  fo l lowing  g roup  member characteri stics:  

a)  occupation ;  

b)  demograph ics  (e. g .  age,  education ,  socioeconomic  status,  ethn ici ty,  cu l tu ral  background) ;  

c)  knowledge  and  ski l l s  ( i nclud ing  education ,  experience  level ,  l anguage,  l i teracy and  heal th  
l i teracy) ;  

d )  l im i tations,  perhaps  due  to  vis ion ,  hearing ,  cogn i ti ve,  dexteri ty  and  mobi l i ty impai rments;  
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e)  performance-shaping  factors  (e. g .  l earn ing  style,  preferences  and  tendencies) ;  and  

f)  work responsibi l i t i es  (e . g .  TASKS  pertinen t  to  the  MEDICAL DEVICE  i n  development) .  

A re lated  concept  to  a  USER PROFI LE  i s  cal led  a  persona.  A persona describes  a  f i cti t i ous  USER .  
I t  can  cover the  same general  topics  as  a  USER PROFI LE ,  ad justed  to  describe  an  i nd ividual  
rather  than  a  g roup of  i nd i viduals.  As  such ,  i t  can  describe  an  i nd ivi dual ’s  i d iosyncrasies  when  
a  USER  PROFILE  wou ld  not.  Both  USER PROFILES  and  personas  can  describe  USERS  who  are  
expected  to  have  a  primary,  secondary or  supplemental  ro les  wi th  a  MEDICAL DEVICE .  D isti nct  
USER  GROUPS  can  be  derived  from  ei ther concept.   

USER  GROUPS  can  be  defined  i f  USERS  share  characteri sti cs  (men tal ,  physical  and  
demograph ic  trai ts)  l i ke ly  to  i n fl uence  USABILITY.  USER PROFILES  are  used  to  summarize  
characteristics  of  USER GROUPS .  Examples  i nclude  the  fo l lowing .  

a)  Age:  Sample  categories  i nclude  ch i ld  (>  2  years  to  1 2  years  of  age) ,  adolescent  (>  1 2  
years  to  21  years  of  age) ,  adu l t  (>  21  years  of  age) .  I n  some  cases,  i t  m igh t  be  
appropriate  to  establ i sh  one  or  more  "sen ior"  categories  for  people  over a  selected  age  
th reshold  (e . g .  65,  70 ,  75,  80 ,  85) .  

NOTE  There  can  be  d i fferi ng  l evel s  o f  decl i ne  i n  cogn i t i on ,  percepti on ,  e tc. ,  as  people  age.  

b)  Occupation :  Sample  categories  i nclude  physician ,  nu rse,  therapist,  techn ician ,  PATIENT,  
i nstal ler,  and  main tainer.  

c)  Prior  experience  using  s im i lar  MEDICAL DEVICES :  Sample  categories  i nclude  new USER  
( trai nee) ,  i nexperienced  USER  (<  6  mon ths) ,  and  experienced  USER  (>  6  months) .  Note  that  
the  experience  th resholds  vary depending  on  the  type  of  MEDICAL DEVICE  i n  use.  

d )  Level  of  train ing :  Sample  categories  are  (1 )  trained  to  use  the  g i ven  MEDICAL DEVICE ,  and  
(2)  not  trained  to  use  the  g i ven  MEDICAL DEVICE .  

e )  Education :  

– categories  based  on  educational  l evel ;  

– general  l i teracy or  read ing  l evel ;  and  

– heal th  l i teracy.  

The  MANUFACTURER might  also  segregate  USERS  based  on  special  trai n ing ,  such  as  the  
advanced  card iac  l i fesaving  train ing  provided  to  cri t i cal  care  nu rses  or  paramedics.  

Add i ti onal  or  al ternati ve  sorti ng  cri teria  i nclude  native  ( i . e .  f i rst)  l anguage,  d i sabi l i ty  type,  type  
of  professional  practi ce  and  USE  ENVIRONMENT.  Establ i sh ing  a  manageable  number of  d i sti nct  
USER  GROUPS  cal l s  for  establ i sh ing  primary USER  and  secondary USER  d i fferen tiation  factors.   

There  i s  no  ru le  regard ing  the  optimal  l eng th  of  USER PROFILES ,  bu t  they usual l y  range  from  a 
few paragraphs  to  a  couple  of  pages  i n  l eng th .  Annex G  provides  add i ti onal  i n formation  on  
USER  PROFILES .  

The  SUMMATIVE  EVALUATIONS  o f  MEDICAL DEVICE  can  i nclude  one  or  more  d i stinct  USER GROUPS .  
The  need  to  separate  the  USER  popu lation  i n to  more  speci fi c,  d i sti nct  USER  GROUPS  i s  s i tuation  
dependen t.  For  example,  an  i nsu l in  pen  i n jector  m igh t  have  s i x  d isti nct  USER GROUPS :  
careg ivers  (e. g .  paren ts  of  young  ch i ldren) ,  adolescen ts,  adu l ts ,  sen iors,  d iabetes  educators  
(who  teach  PATIENTS  to  use  i nsu l in  pens) ,  and  pharmacists  (who  d i spense  i nsu l in  pens  and  
need  to  recogn ize  one  type  from  another) .  Secondary d i fferen tiati on  characteristi cs  m igh t  be  
d i sease-related  impai rments,  such  as  l ow vi sual  acu i ty,  heari ng  l oss,  m i ld  cogn i ti ve  
impai rment,  and  poor manual  dexteri ty  (due  to  arth ri t i s  or  f i ngertip  neuropath ies) .  Th is  USER  
popu lation  profi l e  suggests  that  each  d isti nct  USER GROUP  shou ld  i nclude  i nd ividuals  
compris ing  a  good  cross  section  of  the  secondary characteristics  common  to  the  people  wi th in  
that  g roup.  For example,  a  g roup  of  o lder i nd i viduals  m igh t  i nclude  males  and  females,  some 
of  whom  have  particu lar impai rments.  S im i larly,  heal thcare  professionals  can  need  to  be  
separated  i n to  more  speci fi c,  d i stinct  USER  GROUPS .  
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8.2.2  Anticipated  USER  TASKS  

At the  earl y  stage  of  MEDICAL DEVICE  development  before  there  i s  a  design  per se,  i t  can  help  
to  defi ne  an ti cipated  USER  TASKS .  A TASK  l i s t  can  be  developed  by examin ing  comparable  and  
predecessor MEDICAL DEVICES .  A l i st  can  also  be  extrapolated  from  functional  requ i rements  
and  various  types  of  creati ve  exercise.  The  goal  i s  to  develop a  general  sense  for  how USERS  

migh t  i n teract  wi th  the  MEDICAL DEVICE .  Subsequen t  analyses  can  serve  to  refi ne  the  TASK  l i s t.  
E . 1 9  and  9 . 2  provide  add i tional  i n formation  on  TASK ANALYSIS .   

8.2.3  In tended  USE  ENVIRONMENT  

The  MANUFACTURER  shou ld  analyse  the  i n tended  USE  ENVIRONMENTS .  A majori ty  of  MEDICAL 

DEVICES  are  used  i n  hospi tals ,  cl i n ics,  physician 's  offi ces,  and  PATIENT 'S  h omes.  However,  i t  i s  
importan t  to  consider al ternati ve  use  locations  (e. g .  i ns ide  an  ambu lance,  ou tdoor l ocations  
such  as  a  campground) ,  particu larly  when  developing  portable  MEDICAL DEVICES .  Annex H  
provides  add i ti onal  i n formation  regard ing  USE  ENVIRONMENTS .  

For  example,  some  envi ronments  (e. g .  cri t i cal  care  setti ngs)  are  busy workplaces  that  m igh t  
be  fi l l ed  wi th  no isy equ ipment and  people  hold ing  l oud  conversations,  wh i l e  other  work 
envi ronments  (e . g .  a  treatment  room  i n  a  physician 's  offi ce)  m igh t  have  a  l ow level  o f  acti vi ty 
and  be  re lati vely qu iet.  Add i tional  envi ronmental  cond i ti ons  to  consider i nclude  l i gh ting ,  
vibrati on ,  temperatu re,  hum id i ty,  precipi tation ,  other equ ipment,  and  arch i tectu ral  featu res  
(e. g .  door  wid ths  and  heigh ts) .  For example,  an  ai r  ambu lance  m igh t  requ i re  USERS  to  operate  
a  portable  ven ti lator  i n  a  d im ly  l i t  and  cramped  workspace  i n  wh ich  there  i s  considerable  noise  
and  vibrati on .  

USE  ENVIRONMENT  descriptions  shou ld  describe:  

a)  physical  envi ronment  (e. g .  g loves,  eye  protecti on ,  heavy cloth ing ) ;  

b)  l i gh ting ;  

c)  sound  (ambien t  and  i n term i tten t) ;  

d )  personnel ;  

e)  professional  and  social  i n teractions,  responsibi l i t i es  and  local  or  national  variations  of  
work organ isation ;  

f)  add i ti onal  equ ipment  (other i tems  and  equ ipment  presen t  i n  the  room  besides  the  focus  of  
the  USABILI TY  pro ject) ;  

g )  fu rn ish ings  (chai rs,  cabinets,  etc.  that  are  also  i n  the  envi ronment  and  can  resu l t  i n  l im i ted  
spacing  or  poten tial  obstacles) ;  

h )  cl imate  (e . g .  temperatu re,  hum id i ty) ;  and  

i )  d i stracti ons  (e. g .  te lephone  cal l s ,  cal l s  for  he lp) .  

Meeting  wi th  prospective  MEDICAL DEVICE  USERS  du ring  the  MEDICAL DEVICE  development  
PROCESS  presen ts  opportun i ties  to  l earn  abou t  those  USERS  bu t  al so  abou t  the  USE  

ENVIRONMENT  and  how i t  m igh t  affect  USERS ’  i n teractions  wi th  the  MEDICAL DEVICE .   

8.3  Final ize  the  USE  SPECIFICATION  

The  USE  SPECIFICATION  shou ld  be  developed  based  on  the  resu l ts  gained  th rough  USER  
research  acti vi t ies.  The  analysis  activi t i es  can  be  performed  i terati vely  and  i n  any conven ien t 
order;  care  shou ld  however be  taken  to  address  the  i n terdependencies  of  the  e lements.  For 
example,  add ing  or  removing  a  USER PROFI LE  a l so  can  i n fluence  the  re levant  TASKS  and  USE  

ENVIRONMENTS .  I EC  62366-1 :201 5  requ i res  the  USE  SPECIFICATION  to  con tain  at  l east  the  
fo l lowing :  

a)  i n tended  med ical  i nd ication ;   

EXAMPLE  1  Cond i t i ons(s)  or  d i sease(s)  to  be  screened ,  mon i tored ,  treated ,  d i agnosed ,  or  preven ted .  

b)  i n tended  PATIENT  popu lati on ;  
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EXAMPLE  2  Age  g roup,  we i gh t  range,  heal th ,  o r  cond i t i on .  

c)  i n tended  part  o f  the  body or  type  of  t i ssue  appl ied  to  or  i n teracted  wi th ;  

EXAMPLE  3  Fi nger,  subl i ngual ,  subcu taneous  o r i n terarteri al .  

d)  i n tended  USER  PROFILES ;  

EXAMPLE  4  Nu rse ,  doctor,  g eri atri c  l ay  USER ,  servi ce  personnel  or  cl ean i ng  techn i ci an .  

e)  i n tended  USE  ENVIRONMENT;  and  

EXAMPLE  5  Envi ronmen t  i ncl ud i ng  hyg i en i c  requ i remen ts ,  frequency o f  u se,  l ocati on  or  mobi l i ty  

f)  operating  principle.  

NOTE  1  The  rat i onale  to  5 . 1  o f  I EC  62366-1 :201 5  con tai ns  add i t i onal  i n formati on .  

The  fo l l owing  add i ti onal  i n formation  can  be  helpfu l  to  support  subsequen t  USABILI TY 

ENGINEERING  acti vi t i es:  

a)  an ticipated  TASKS  o f  USERS  i n  the  operation  of  the  MEDICAL DEVICE ;  and  

b)  the  set  o f  USER  needs  deri ved  from  the  an ticipated  TASKS .  

Much  or  al l  o f  the  USE  SPECIFICATION  i s  l i ke ly  to  be  i npu t  to  design  and  development.  As  the  
USER  INTERFACE  development  PROCESS  proceeds,  the  USE  SPECIFICATION  shou ld  be  reviewed  
and  updated  as  needed .  

The  USE  SPECIFICATION  i s  used  as  one  i npu t  for  the  USER  INTERFACE  SPECIFICATION .  

NOTE  2  The  summary o f  the  MEDICAL  DEVICE  USE  SPECIFICATION  i s  referred  to  by some  au thori t i es  havi ng  
j u ri sd i cti on  as  the  ‘ s tatemen t  o f  I NTENDED  USE ’ .  

8.4  Recommended  methods for  developing  the  USE  SPECIFICATION  

8 .4.1  General  

Subclauses  8 . 4.2  to  8 . 4.6  describe  the  USABILITY ENGINEERING  methods  that  are  avai lable  to  
enhance  and  f i nal i ze  the  USE  SPECIFICATION .  Add i ti onal  material  on  USER  research  methods  
can  be  found  i n  reference  [1 3 ] .  

8.4.2  Contextual  inqu iry and  observation  

Contextual  i nqu i ries  are  a  common  and  effective  way to  l earn  abou t  prospective  or actual  
USERS ,  the  USER ’S  TASKS ,  and  the  USE  ENVIRONMENT .  A  con textual  i nqu i ry i s  an  i n terview 
techn ique,  wh ich  i s  conducted  i n  the  USER ’S  actual  workplace.  The  researcher observes  
USERS ,  wh i l e  they are  perform ing  thei r  TASKS  and  d i scusses  wi th  them  what  they do  and  why.  

The  method  i s  typical l y used  i n  the  earl y  stages  of  the  development PROCESS  (o ften  wi th in  the  
research  phase)  and  helps  to  gain  a  thorough  understand ing  abou t  the  USER ’S  work practi ce,  
TASKS ,  too ls,  and  the  con text  of  use,  related  to  the  MEDICAL DEVICE  that  i s  p lanned  to  be  
developed.  

C lause  E .5  con tains  add i t ional  considerations  on  using  con textual  i nqu i res  and  observations.  

8.4.3  In terview and  survey techniques 

I n  con trast  to  con textual  i nqu i ries,  i n terviews  and  surveys  can  be  conducted  at  any place  and  
are  not  necessari l y  bound  to  the  USER ’S  workplace.  They help  to  gain  i ns igh t  i n to  the  USER ’S  
knowledge,  perceptions  or  opin ions.  I n terviews  can  be  used  as  a  stand-alone  method  or  to  
supplement  other  methods  (e . g .  con textual  i nqu i ri es  or  USABILI TY TESTS )  by  fo l l owing  up  on  the  
observations  made  during  the  prior  session .  
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S ince  i n terviews  can  be  conducted  at  any place  or even  over a  phone  l i ne  they are  often  l ess  
expensive  compared  to  con textual  i nqu i res  and  can  target  a  l arger g roup  of  responden ts,  bu t  
o ften  the  resu l ting  data i s  al so  less  ri ch .  

I n terviews  can  be  conducted  i n  a  one-on-one  manner or  as  g roup  i n terviews.  A very l arge  
g roup of  USERS  or  s takeholders  can  be  approached  by conducti ng  su rveys.  When  su rveys  are  
conducted  i n  wri tten  form ,  the  resu l ti ng  data i s  often  less  ri ch  than  the  data gathered  th rough  
i n terviews.  

C lauses  E .9,  E . 1 3  and  E . 1 8  con tain  add i tional  considerati ons  on  usi ng  i n terview and  su rvey 
techn iques.  

8.4.4  Expert  reviews 

Whi le  preparing  the  use  speci fi cati on ,  expert  reviews  can  be  a  rapid  means  to  i den ti fy  the  
streng ths  and  weaknesses  ( i . e .  opportun i t ies  for  improvement)  o f  a  comparable  USER 

I NTERFACE .  Such  reviews  can  take  various  forms  rang ing  i n  formal i ty  from  an  expert  examin ing  
a  MEDICAL DEVICE  and  ci t i ng  i ts  s treng th  and  weaknesses  i n  a  brief  memorandum  to  engag ing  
several  experts  to  review i ndependen tl y  the  MEDICAL DEVICE ,  i den ti fy  poten tial  improvements,  
pri ori t i ze  the  improvements,  and  then  report  the i r  consensus  f i nd ings.  The  l atter  approach  i s  
o ften  termed  a  heuristi c  analysis  (see  C lause  E . 1 1 ) .  

Expert  review can  be  conducted  at  various  stages  of  MEDICAL DEVICE  development,  focusing  
on  i n i t ial  design  concepts,  prel im inary designs,  and  near- fi nal  designs.  

8.4.5  Advisory panel  reviews 

I n  some  cases  – parti cu larly  when  conducting  a  l ong -term  and  cri t i cal  development  pro ject  – a  
MANUFACTURER  can  choose  to  convene  an  advisory panel .  An  advisory panel  typical l y  i ncludes  
6  to  1 2  people  who  have  d iverse  perspectives  on  the  MEDICAL DEVICE  i n  development.  During  
an  advisory panel  review,  the  panel  members  d i scuss  design  considerations  wi th  the  
development  team  and  can  provide  advice  on  design  opti ons.  Through  con tinual  i n teractions  
wi th  the  development  team  along  the  development  PROCESS  the  advisory panel  members  are  
exposed  to  various  development  stages  of  the  MEDICAL DEVICE  and  have  the  opportun i ty  to  
gain  an  understand ing  for  design  l im i tati ons  and  trade-offs .  Th is  can  have  advan tages  and  
d isadvan tages  for  optim iz ing  the  MEDICAL DEVICE ’S  USABI LITY.  

C lause  E .2  con tains  add i t ional  considerations  on  usi ng  advisory panel  reviews.  

8.4.6  USABILITY TESTS  

For the  MANUFACTURER  i t  can  be  valuable  to  perform  USABILITY TESTS  on  comparable  MEDICAL 

DEVICES  that  are  avai lable  on  the  market.  The  FORMATIVE  EVALUATION  USABILITY TEST  method  
(Clause  1 6)  can  be  used.  The  USABILITY TESTS  can  i den ti fy  the  streng ths  and  weaknesses  of  
comparable  MEDICAL DEVICES  and  can  provide  an  understand ing  of  the  men tal  model  USERS  
have  of  the  use  of  the  comparable  MEDICAL DEVICES .  

9  Identi fy USER INTERFACE  characteristics  related  to  SAFETY  and  potential  USE 
ERRORS  

9.1  General  

Subclause  5 . 2  of  I EC  62366-1 :201 5  requ i res  that  the  MANUFACTURER  i den ti fy  those  
characteristi cs  of  the  USER  INTERFACE  that  cou ld  affect  SAFETY.  Consideration  of  these  
characteristics  i s  an  essential  s tep,  together wi th  the  USE  SPECIFICATION ,  i n  i den ti fying  
poten tial  USE  ERRORS .  I den ti fi cati on  of  poten tial  USE  ERRORS  shou ld  be  done  i teratively  and  
can  be  updated  i n  the  cou rse  of  creati ng  the  USER INTERFACE .  
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Possible  ways  of  i den ti fying  USER INTERFACE  characteristics  re lated  to  SAFETY  and  poten tial  
USE  ERRORS  are  techn iques  described  i n  th i s  clause.  Factors  that  shou ld  be  considered  are  
USER  INTERFACE  desi gn  features  that  can  con tribu te  to  USE  ERROR .  

9.2  TASK ANALYSIS  

TASK ANALYSIS  i s  a  set  o f  systematic  methods  that  produce  detai l ed  descripti ons  of  the  
sequen tial  and  s imu l taneous  manual  and  i n tel lectual  acti vi t ies  of  personnel  who  are  operating ,  
main tain ing ,  or  con tro l l i ng  devices  or  systems.  S im i lar  to  FUNCTION  ANALYSIS ,  there  are  many 
ways  to  perform  a TASK ANALYSIS ,  and  so  l ess  experienced  analysts  are  advised  to  review the  
l i terature  on  the  topic.  Typical l y,  the  MANUFACTURER wi th  a re lati vely  h i gh - level  TASK  (e . g .  
prepare  the  DEVICE  to  del i ver a  treatment)  and  then  defines  the  sub-TASKS  i nvo lved .  A s i ng le  
sub-TASK  m igh t  i nvolve  a  sequence  of  s teps  such  as  acqu i ri ng  i n formation  from  a  d isplay (e. g .  
read ing  a parameter value  on  a d isplay) ,  processing  the  i n formation  (e. g .  perform ing  a  mental  
calcu lation) ,  making  a  decis ion ,  formu lating  an  acti on  plan ,  taking  action  (e. g .  pressing  a  
bu tton ) ,  and  acqu i ring  feedback (e. g .  hearing  an  e lectron ical ly  generated  cl i ck and  observing  
a  d isplay change) .  To  define  the  scope  for  a  TASK ANALYSIS ,  the  i n ten tion  of  the  USER  for  each  
TASK  shou ld  be  i n  focus.  To  fu rther  use  TASK ANALYSIS  for  assessment  of  poten tial  USE  ERROR ,  
cond i ti ons  of  use  as  defi ned  i n  the  USE  SPECIFICATION  and  i n  RISK MANAGEMENT PROCESS  p lay 
an  importan t  ro le.  C lause  E. 1 9  con tains  add i t ional  considerations  on  usi ng  TASK ANALYSIS  as  
wel l  as  references  [1 4]  and  [1 5] .  

TASK ANALYSES  are  particu larl y  chal leng ing  when  design ing  a  new MEDICAL  DEVICE  for  wh ich  
there  i s  no  s im i lar  model ,  bu t  are  made  possible  by making  educated  assumptions.  TASK 

ANALYSIS  resu l ts  can  take  a  narrative,  tabu lar,  or  f lowchart  form ,  the  l atter  two  being  most  
common .  Sometimes,  the  TASK ANALYSIS  a l so  defi nes  the  fl ow of  USER  perceptions  (e . g .  
hearing  an  ALARM  SIGNAL ,  read ing  text  on  a  screen ,  feel i ng  a  bu tton  cl i ck) ,  cogn i ti ve  steps  (e. g .  
recal l i ng  i n formation ,  perform ing  mental  calcu lations,  applying  ru les  to  reach  a  decis ion ) ,  and  
actions  (e . g .  se lecting  a  menu  option ,  pressing  a  bu tton ,  add ing  fl u i d  to  a  reservoi r) .  Such  an  
analysis  i s  referred  to  as  a  PCA (perception ,  cogn i t ion ,  action )  analysis.  C lause  E. 1 5  con tains  
add i ti onal  considerations  on  us ing  PCA  analysis .  

MANUFACTURERS  shou ld  pay close  atten tion  to  TASKS  that  have  the  poten tial  to  exceed  USERS ’  
capabi l i t i es  and  h inder the  g iven  MEDICAL  DEVICE ’S  USABILITY or cause  an  unacceptable  R I SK.  
TASKS  that  appear to  be  vu lnerable  to  performance  problems  (e. g .  USE  ERRORS )  i nd i cate  the  
need  to  reassess  whether or  not  MEDICAL  DEVICE  functions  have  been  appropriate ly  assigned  
to  the  USER .  For example,  concerns  abou t  USERS  vi g i lan tl y  checking  for  MEDICAL  DEVICE  
operati on  problems  m igh t  suggest  the  need  for  au tomation  ( i . e .  design ing  the  MEDICAL  DEVICE  
to  con tinual l y  mon i tor  for  problems  and  presen t  an  ALARM  SIGNAL  i f  one  occurs.  The  poten tial  
for  such  USE  ERRORS  shou ld  be  documented  during  the  TASK ANALYSIS  and  considered  during  
the  subsequen t  RISK ANALYSIS .  

TASK ANALYSIS ,  much  l i ke  RISK ANALYSIS ,  shou ld  be  updated  as  the  MANUFACTURER  develops  
new i nsigh ts  abou t  USER-MEDICAL  DEVICE  i n teractions  and  a  design  evolves.  

9.3  FUNCTION  ANALYSIS   

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

I n  con trast,  a  pu rpose  of  a  TASK ANALYSIS  i s  to  i den ti fy  the  sequence  of  TASKS  USERS  complete  
to  perform  thei r  assigned  functi ons,  as  wel l  as  what  i n formation  and  con trol  capabi l i t ies  they 
need  to  complete  those  TASKS .  A TASK ANALYSIS  can  be  used  to  examine  how the  USER  
performs  the  assigned  functions.  
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A FUNCTION ANALYSIS  should produce a complete list of important functions,  including PRIMARY 
OPERATING FUNCTIONS  listed in applicable product standards,  to be performed by the USER 
along with an estimate of the frequency that those functions are performed.  

Literature describes many ways to perform a FUNCTION ANALYSIS.  Typically,  the MANUFACTURER  

begins by identifying a MEDICAL  DEVICE’S  key functions,  particularly those affecting clinical 
performance,  and then assigns the functions to the MEDICAL  DEVICE or the USER  based on the 
known competencies of each.   

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

Table  2  – Human  versus mach ine  capabi l i t ies  

Humans  do  not  excel  i n  Mach ines  excel  i n  

Force:  L im i ted  s treng th .  G reat  forces  possi bl e .  

Endu rance:  Fati gues  eas i l y.  Does  not  fati g ue  eas i l y.  

Speed :  S i gn i fi can t  t ime  needed  for  deci s i on -maki ng  
and  movemen t.  

H i g h  speed .  

Accu racy:  Un re l i abl e ,  makes  constan t  and  vari abl e  
errors .  

G reat  accu racy attai nabl e.  

Compu ti ng :  S l ow and  error-prone.  Large  short- term  worki ng  memory.  

Deci s i on -maki ng :  Best  s trategy not  always  adapted ;  
emoti ons  i n terfere.  

For  narrow appl i cati ons,  superi or  l ong - term  memory.  

I n formation  processi ng :  Basi cal l y  a  s i ng l e-channel  
processor  that  i s  eas i l y  overl oaded ;  performance  
g reat l y  dependen t  on  moti vati on .  

Complex  problems  can  be  hand l ed  deducti ve l y.  

L im i ted  short- term  worki ng  memory;  l ong - term  
memory,  al though  l arge,  has  un re l i abl e  and  s l ow 
access.  

Excel l en t  for  repeti t i ve  work;  unaffected  by  emoti ons  
and  moti vati onal  needs.  

 Can  perform  s imu l taneous  operati ons  eas i l y.  

Humans  excel  i n  Mach ines  do  not  excel  i n  

Visual  acu i ty  and  range  very good .   

Vi sual  i n formation  processi ng  system  extremel y  l og i cal  
and  f l exi b l e .  

Need  to  be  mon i tored .  

Range  of  detect i on  extremel y  wi de  wi th  good  
sens i t i vi ty  for  aud i t i on  and  vi s i on .  

 

Percepti on :  Abi l i ty  to  make  order ou t  o f  complex  
s i tuati ons;  detecti on  possi bl e  u nder  h i gh  no i se.  

Deci s i on -maki ng  l im i ted .  

Can  reason  i nducti ve l y;  can  fo l l ow up  i n tu i t i on .  I n ducti ve  reason i ng  not  poss ibl e .  

Very f l exi b l e ;  can  eas i l y  change  ru les  o f  operat i on  wi th  
changes  i n  s i tuati on .  

Al l  acti vi t i es  need  to  be  pl anned  and  pre-prog rammed  
thorough l y.  

Atten t i on  i s  easi l y  sh i fted ;  on l y  essen ti al  i n formati on  
can  be  se l ected  for  process i ng .  

 

When  h i gh l y  moti vated ,  can  perform  under  adverse  
cond i t i ons  wi th  parts  ou t  o f  order  ( i n j u ri es) .  

Needs  to  get  carefu l  mai n tenance.  

M i gh t  not  operate  at  al l ,  i f  some  parts  are  broken .  

 

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

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

– A USER  failing to detect a small but critical change in a large data set.  

9.4  Identi fy and  analyse known  problems 

As a preamble to MEDICAL DEVICE design,  USABILITY ENGINEERING  practitioners can study the 
strengths and weaknesses of comparable MEDICAL DEVICES.  This benchmarking exercise can 
help them formulate a vision of an improved MEDICAL DEVICE and identifying USER needs to 
fulfil that vision.  

One way to assess the USER INTERFACE qualities of comparable MEDICAL DEVICES  is to perform 
a USER INTERFACE review (i.e.  critique or expert review) that calls for the reviewer,  who is 
usually a USABILITY SPECIALIST,  to cite good versus poor features.  As discussed in Clause E.11,  
a relatively formal review method is called a heuristic analysis.  

Another way to assess comparable USER INTERFACES  is to conduct a benchmark USABILITY 
TEST,  or perhaps a less formal product assessment exercise,  during which representative 
USERS  interact with multiple,  existing MEDICAL DEVICES  and share their opinions about the 
MEDICAL DEVICES’ acceptable RISK,  EFFECTIVENESS,  USABILITY,  and appeal.  In addition to 
collecting opinions about the existing MEDICAL DEVICES,  the MANUFACTURER  can also 
quantitatively measure TASK performance (i.e.  benchmark an existing MEDICAL DEVICE'S  
performance) as a basis for identifying use-related problems that ideally should be avoided by 
the new MEDICAL DEVICE.  

Field  experience  and  i nciden t  reports  can  provide  fu rther  valuable  i n formation  abou t  problems  
that  have  occurred  i n  the  past  wi th  comparable  MEDICAL DEVICES  and  previous  models  of  the  
MEDICAL DEVICE  i n  development.   

I n formation  can  be  drawn  from:  

a)  i n terviews  wi th  MEDICAL DEVICE  USERS ;  

b)  i n terviews  wi th  trainers,  who  have  i ns igh ts  i n to  problems  that  new USERS  encoun ter;  

c)  a  review of  pertinen t  l i terature;  

d )  analysing  complain t  f i l es;  and   

e )  perform ing  on l i ne  searches  e . g .  us ing  the  resources  l i s ted  i n  Annex B.  

Avai lable  i n formation  sometimes  i nd icates  a  USER  i n teraction  problem  associated  wi th  a  
particu lar USE  SCENARIO  and  the  underlying  cause  (e. g .  a  USER  INTERFACE  design  shortcoming ) .  
These  f i nd ings  shou ld  be  an  i npu t  to  the  RISK MANAGEMENT PROCESS  and  the  USER INTERFACE  
desi gn  PROCESS  to  avoid  a  USER I NTERFACE  des ign  that  has  the  same  vu lnerabi l i ty.  The  resu l ts  
of  the  i den ti fi cation  and  analysis  of  known  problems  serves  as  i npu t  for the  i den ti fi cation  of  
the  known  or  foreseeable  HAZARDS  and  HAZARDOUS  S ITUATIONS .  

More  i n formation  on  how to  generate  data on  known  problems  from  POST-PRODUCTION  
experience  i s  found  i n  C lause  1 8.  

1 0  Identi fy known  or foreseeable  HAZARDS  and  HAZARDOUS SITUATIONS  

The  i den ti fi cation  of  known  or  foreseeable  HAZARDS  and  HAZARDOUS  SITUATIONS  i s  part  o f  the  
RISK MANAGEMENT PROCESS  as  described  i n  I SO 1 4971 .  The  USABILITY ENGINEERING  PROCESS  
con tribu tes  to  the  i den ti f i cation  of  USE  ERRORS  as  poten tial  causes  for  HAZARDOUS  S ITUATIONS .  
The  goal  i s  to  i den ti fy  and  describe  the  poten tial  effect  that  a  USE  ERROR  m igh t  have  and  how 
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i t  can  con tribu te  to  HARM .  A HAZARDOUS  S ITUATION  occu rs  i f  a  person  (often  the  PATIENT)  i s  
exposed  to  th is  HAZARD .  

Accord ing  to  ISO 1 4971 ,  the  MANUFACTURER  i s  requ i red  to  analyse  al l  HAZARDOUS  S ITUATIONS  
( i nclud ing  those  deri ving  from  or tri ggered  by  a  USE  ERROR) .  I SO 1 4971  fu rther  explains  that  
the  probabi l i ty  of  a  HAZARDOUS  S ITUATION  occurring  and  probabi l i ty  of  HARM  occurring  are  not  
the  same.  I n  order  for  HARM  to  occur,  an  add i ti onal  sequence  of  even ts  that  can  i nclude  USER 

TASKS  al so  needs  to  occu r.  

1 1  Identi fy and  describe  HAZARD-RELATED USE SCENARIOS  

1 1 .1  Define  USE  SCENARIOS  

I n  order  to  i den ti fy and  describe  HAZARD -RELATED  USE  SCENARIOS ,  i t  i s  helpfu l  to  establ i sh  a  
general  understand ing  of  what  USE  SCENARIOS  are,  how they are  wri tten  and  how they relate  to  
RISK MANAGEMENT .  

A USE  SCENARIO  i s  a  description  of  a  USER  from  a  speci fi c  USER PROFILE  i n teracting  wi th  the  
MEDICAL DEVICE  to  ach ieve  a certain  resu l t  i n  a  speci fi c  USE  ENVIRONMENT .  USE  SCENARIOS  can  
be  wri tten  i n  many d i fferen t  forms,  rang ing  from  story- l i ke  narrati ves  to  s imple  l i s ts  of  USER  
TASKS  or  steps  i n  a  TASK.  The  pu rpose  of  a  USE  SCENARIO  i s  to  i l l ustrate  how the  functions  of  a  
MEDICAL DEVICE  are  used  by USERS  wh i le  they are  trying  to  ach ieve  a  resu l t.  USE  SCENARIOS  
can  cover a  wide  range  of  s i tuations,  i nclud ing  posi t i ve  s i tuations,  wh ich  i l l ustrate  the  
i n tended  CORRECT USE  o f  the  MEDICAL DEVICE ,  and  negati ve  s i tuations,  wh ich  i l l ustrate  how a 
USE  ERROR  cou ld  l ead  to  an  undesi red  resu l t.  When  a  USE  SCENARIO  l eads  to  a  HAZARDOUS  

S ITUATION ,  the  USE  SCENARIO  i s  cal led  a  HAZARD-RELATED  USE  SCENARIO .  

For  example,  i n  the  case  of  n i gh t- time  use  of  a  d ialys is  equ ipment,  the  USE  SCENARIO  takes  
i n to  consideration  that  the  USER  m igh t  be  as leep when  the  equ ipment  em i ts  an  ALARM  SIGNAL  
and  then  awake  i n  a  d isorien ted  or  " fuzzy headed"  state.  By comparison ,  the  TASK  i n  th i s  case  
wou ld  be  to  respond  to  a  g i ven  ALARM  SIGNAL ,  the  l arge  con text  ( i . e .  USE  SCENARIO)  
notwi thstand ing .  

USE  SCENARIOS  are  typical l y  wri tten  i n  p lain  l anguage  from  the  USER ’S  po in t  of  view and  try  to  
avoid  techn ical  detai l s .  USE  SCENARIOS  can  be  understood  by people  who  do  not  have  any 
techn ical  background.  They are  therefore  su i table  for  use  during  parti cipatory design  acti vi t i es.  
The  acti vi ty of  wri ti ng  USE  SCENARIOS  as  a  team  effort  can  help  to  create  a  shared  
understand ing  for  everyone  i n  the  team  abou t  what  a  USER  m igh t  wan t  to  do  and  how the  USER  
m igh t  do  i t.  USE  SCENARIOS ,  wh ich  cou ld  i nvolve  USE  ERRORS ,  can  foster  a  common  
understand ing  of  what  m igh t  go  wrong  du ring  MEDICAL DEVICE  u se.  

USE  SCENARIOS  serve  as  vi tal  i npu t  to  a  number of  acti vi ties  i n  the  USABILITY ENG INEERING  

PROCESS .  They provide  the  necessary i nsigh ts  to  wri te  appropriate  USER INTERFACE  

REQU IREMENTS  for  the  MEDICAL DEVICE ’S  USER I NTERFACE .  They help  the  USER  INTERFACE  design  
as  they d isplay sequences  of  i n teractions  USERS  wan t  to  perform  wi th  the  USER INTERFACE .  
USE  SCENARIOS  are  also  valuable  i npu t  for  eng ineers  during  MEDICAL DEVICE  development,  
i nclud ing  ACCOMPANYING  DOCUMENTATION  and  train i ng  strateg ies  creation .  

Fi nal l y,  they also  provide  valuable  i npu t  to  USABILITY EVALUATIONS ,  such  as  USABILITY TESTS .  
S i nce  USE  SCENARIOS  provide  detai led  i n formation  of  real i sti c  DEVICE  u se,  they can  be  easi l y  
translated  i n to  test  scenarios  for USABILITY TESTS .  The  TEST SCENARIOS  u sed  for  SUMMATIVE  

EVALUATIONS  are  requ i red  to  address  a  selected  number of  HAZARD-RELATED  USE  SCENARIOS .  
Refer  to  C lause  1 2  for  how to  select  the  HAZARD -RELATED  USE  SCENARIOS  for  SUMMATIVE  

EVALUATION .  

1 1 .2  USE  SCENARIOS  as  they relate  to  RISK MANAGEMENT  

Whi le  wri ti ng  USE  SCENARIOS  i s  a  common  practi ce  i n  the  USABILITY ENGINEERING  commun i ty,  
the  term  HAZARD-RELATED  USE  SCENARIO  i s  i n troduced  by I EC  62366-1 .  A USE  SCENARIO  
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describes  how a  USER  i n teracts  wi th  the  MEDICAL DEVICE  i n  order to  ach ieve  a  certain  resu l t.  A 
USE  SCENARIO  becomes  HAZARD -RELATED  USE  SCENARIO  by  i nclud ing  a  descripti on  of  
ci rcumstances  that  cou ld  l ead  to  a  HAZARDOUS S I TUATION  and  can  i nclude  the  USE  ERRORS  
l ead ing  to  the  HAZARDOUS  SITUATION .  I EC  62366-1 :201 5  Figure  A. 2  and  Figu re  A.3  i l l ustrate  
the  d i fference  between  a  USE  SCENARIO  and  a  HAZARD -RELATED  USE  SCENARIO .  

The  prel im inary analysis  of  HAZARD-RELATED  USE  SCENARIOS ,  wh ich  examines  HAZARDS  and  
HAZARDOUS  S I TUATIONS  resu l t i ng  from  USE  ERRORS ,  shou ld  beg in  early  i n  the  design  PROCESS .  
Th is  approach  enables  prel im inary steps  of  the  RISK MANAGEMENT  PROCESS  to  i n fl uence  
subsequen t  design  acti vi t i es,  wh ich  are  l i ke ly to  i nclude  implementing  changes to  reduce  or 
preven t  USE  ERRORS .  

For example,  one  step  of  the  RISK MANAGEMENT  PROCESS  for  a  g lucose  mon i tor  m igh t  be  to  
i den ti fy  the  HAZARDOUS  S ITUATION  that  cou ld  resu l t  from  a USER  m i sread ing  the  d isplay.  The  
resu l t  o f  the  USER ’S  i ncorrectl y  sensing  or  i n terpreting  the  d isplay value  can  l ead  to  de layed  
treatment,  m istreatment  or  no  treatment  of  the  PATIENT ’S  b lood  sugar l evel ,  wh ich  are  known  
HAZARDS .  Th is  shou ld  l ead  the  MANUFACTURER  to  improve  the  l eg ibi l i ty  o f  the  readou t  to  
reduce  or  prevent  the  USE  ERROR .  

Add i t ional  i n formation  i s  con tained  i n  C lause  1 2  regard ing  the  selecti on  of  HAZARD-RELATED  

USE  SCENARIOS  for  SUMMATIVE  EVALUATION .  

1 1 .3  Identi fy HAZARD-RELATED USE  SCENARIOS  

Based  on  the  i den ti fied  HAZARDS  and  HAZARDOUS  S ITUATIONS ,  the  MANUFACTURER  i den ti fi es  
pre l im inary HAZARD-RELATED  USE  SCENARIOS  that  can  occu r at  various  stages  of  USER  
i n teraction  wi th  the  MEDICAL DEVICE  and  that  cou ld  l ead  to  a  HAZARDOUS  SI TUATION  or  HARM .  
The  prel im inary HAZARD -RELATED  USE  SCENARIOS  can  i nclude  the  an ti cipated  sequence  of  
even ts,  the  TASKS  i nvo lved ,  the  type  of  USER  who  performs  these  TASKS  and  the  cond i t ions  
under and  envi ronments  i n  wh ich  these  TASKS  are  performed.  Also  i ncluded  shou ld  be  a  
description  of  the  USER INTERFACE  for  wh ich  these  prel im inary HAZARD -RELATED  USE  SCENARIOS  
have  been  i den ti fi ed .  

1 1 .4  Methods  to  define  and  analyse HAZARD-RELATED USE  SCENARIOS  

There  are  several  methods  to  define  and  analyse  HAZARD-RELATED  USE  SCENARIOS .  Each  
method  has  the  poten tial  to  i den ti fy  re lated  HAZARDOUS  S ITUATIONS  that  m igh t  not  o therwise  be  
i den ti fi ed  by another method .  Therefore,  despi te  the  l i kel ihood  of  producing  overlapping  
f i nd ings,  the  MANUFACTURER  shou ld  employ mu l t iple  HAZARD -RELATED  USE  SCENARIO  
i den ti f i cation  methods  for thoroughness  sake,  such  as:  

a)  brainstorm  USE  SCENARIOS  (see  E . 3) ;  

b)  con textual  i nqu i ry  (see  E.5) ;  

c)  day- in - the- l i fe  analysis  (see  E. 6) ;  

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

e)  focus  g roups  (see  E .9) ;  

f)  FUNCTION  ANALYSIS  (see  E . 1 0) ;   

g )  l i teratu re  reviews;  

h )  observation  (see  E . 1 2) ;  

i )  one-on-one  i n terviews  (see  E. 1 3) ;  and  

j )  TASK ANALYSIS  (see  E . 1 9) .  



 – 38  – I EC  TR  62366-2:201 6  © IEC  201 6  

1 2  Select  the HAZARD-RELATED USE SCENARIOS  for  SUMMATIVE EVALUATION  

1 2.1  General  

I n  order to  p lan  the  SUMMATIVE  EVALUATION ,  the  MANUFACTURER  needs  to  determ ine  wh ich  
HAZARD-RELATED  USE  SCENARIOS  to  be  i ncluded .  The  pu rpose  of  th i s  determ ination  i s  to  ensure  
that  the  SUMMATIVE  EVALUATION  i ncludes  al l  USE  SCENARIOS  needed  to  demonstrate  SAFETY  
re lated  to  the  USER INTERFACE  o f  the  MEDICAL DEVICE .  I EC  62366-1  provides  th ree  options  to  
the  MANUFACTURER .  

a)  Option  1 :  i nclude  al l  HAZARD -RELATED  USE  SCENARIOS .  

b)  Option  2 :  i nclude  a  subset  of  the  HAZARD-RELATED  USE  SCENARIOS  based  on  the  SEVERITY  
o f  the  poten tial  HARM  that  cou ld  be  caused  by USE  ERROR .  

c)  Option  3 :  i nclude  a  subset  of  the  HAZARD-RELATED  USE  SCENARIOS  based  on  the  SEVERITY  
and  add i ti onal  ci rcumstances  speci fi c  to  the  MEDICAL DEVICE  and  the  MANUFACTURER .  

These  options  are  provided  to  accoun t  for  the  fact  that  the  number of  HAZARD -RELATED  USE  

SCENARIOS  can  vary depend ing  on  the  complexi ty  of  the  MEDICAL DEVICE .  Wh i le  a  re lati vely 
s imple  MEDICAL DEVICE  m igh t  have  on ly  a  smal l  number of  HAZARD-RELATED  USE  SCENARIOS ,  a  
more  complex MEDICAL DEVICE  m igh t  have  a  considerably  h i gher number of  HAZARD-RELATED  

USE  SCENARIOS .  

For s impler MEDICAL DEVICES ,  i t  m igh t  be  possible  to  i nclude  i n  the  SUMMATIVE  EVALUATION  a l l  
the  HAZARD-RELATED  USE  SCENARIOS  o r  even  al l  the  USE  SCENARIOS ,  regard less  of  the  SEVERITY  
o f  poten tial  HARM  that  cou ld  be  caused  by USE  ERROR  (option  1 ) .  For more  compl i cated  
MEDICAL  DEVICES ,  the  MANUFACTURER  m igh t  l im i t  the  HAZARD-RELATED  USE  SCENARIOS  i ncluded  
i n  the  SUMMATIVE  EVALUATION  to  those  wi th  a  SEVERITY  for  wh ich  med ical  i n terven tion  wou ld  be  
needed  (option  2) .  Sometimes,  the  MANUFACTURER  m i gh t  al so  wan t  to  consider other 
ci rcumstances  speci fi c  to  the  MEDICAL DEVICE  and the MANUFACTURER when  selecting  the  most  
cri t i cal  HAZARD -RELATED  USE-SCENARIOS  (option  3) .  

The  i den ti f i cation  of  USER INTERFACE  e l ements  re lated  to  HAZARDS  that  i s  conducted  early  i n  
the  design  PROCESS  i s  l i kely  to  have  the  possibi l i ty  to  overlook some  importan t  HAZARD-
RELATED  USE  SCENARIOS .  Th is  i s  even  true  when  the  analysis  i s  performed  wel l  and  i t  
considers  avai lable  POST-PRODUCTION  data.  For th is  reason ,  i t  i s  importan t  to  update  the  
i den ti fi cation  based  on  the  resu l ts  of  USABILITY TESTS  o f  the  MEDICAL DEVICE  i n  development,  
wh ich  are  l i ke ly to  i den ti fy  previously  un iden ti fi ed  HAZARD-RELATED  USE  SCENARIOS .  
Un fortunately,  USABILITY TESTS  that  i nclude  on ly the  previously  i den ti f ied  HAZARD-RELATED  USE  

SCENARIOS  m igh t  not  i nclude  TASKS  i nvo lving  unacceptable  RISKS  that  were  not  previously  
recogn ized .  A HAZARD-RELATED  USE  SCENARIO  considered  to  have  an  acceptable  RISK,  perhaps  
resu l ti ng  from  a l ow l i ke l i hood  of  occu rrence  estimate,  m igh t  i n  fact  be  unacceptable.  For  th i s  
reason ,  i t  i s  recommended  to  conduct  a  series  of  FORMATIVE  EVALUATIONS  (e. g .  USABILI TY 

TESTS)  to  examine  the  most  complete  set  of  USER-MEDICAL DEVICE  i n teracti ons  practicable  i n  
order to  i denti fy  al l  HAZARD -RELATED  USE  SCENARIOS .  

I t  shou ld  be  noted  that  when  selecting  HAZARD -RELATED  USE  SCENARIOS  for  SUMMATIVE  

EVALUATION  e i ther based  on  SEVERITY  or  based  on  RISK,  some  “ low RISK”  MEDICAL DEVICES  
cou ld  seem  to  have  no  re levan t  HAZARD -RELATED  USE  SCENARIOS  to  be  considered .  Add i ti onal  
i n formation  regard ing  when  a  USABILI TY TEST  i s  not  requ i red  for  SUMMATIVE  EVALUATION  i s  
found  i n  1 7. 1 .  

The  appropriate  se lection  scheme  used  to  se lect  the  HAZARD -RELATED  USE  SCENARIOS  for  
SUMMATIVE  EVALUATION  depends  on  ci rcumstances  speci fi c  to  the  MEDICAL DEVICE  and  i s  part  of  
the  MANUFACTURER ’S  obl i gations  for due  care  and  responsibi l i ty.  

In all cases,  it is important to understand that SUMMATIVE EVALUATION also should cover a 
demonstration that USERS  are able to accomplish the intended purpose of the MEDICAL DEVICE 
as described in the USE SPECIFICATION.  
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1 2.2  Selection  of  the  HAZARD-RELATED USE  SCENARIOS  based  on  SEVERITY  

I SO 1 4971 :2007  defi nes  RISK  as  the  combination  of  the  probabi l i ty  of  occu rrence  of  HARM  and  
the  consequences  ( i . e .  SEVERITY)  o f  that  HARM .  However,  probabi l i ty  of  encoun tering  a  HAZARD  
can  be  very d i ffi cu l t  to  determ ine,  especial l y  for  a  novel  MEDICAL DEVICE  for  wh ich  no  POST-
PRODUCTION  data  are  avai lable.  For th i s  reason ,  the  se lection  of  HAZARD-RELATED  USE  

SCENARIOS  i ncluded  i n  SUMMATIVE  EVALUATION  shou ld  be  based  primari l y on  the  SEVERITY  o f  
HARM  that  cou ld  be  caused  by USE  ERROR .  I f  du ring  development  the  USER I NTERFACE  i s  
mod i fi ed  to  e l im inate  the  HAZARD  or  HAZARDOUS  S ITUATION ,  then  the  HAZARD-RELATED  USE  

SCENARIO no  l onger exists.  

I SO 1 4971 :2007  i ncludes  schemes  for  categoriz ing  SEVERITY.  Table  3  shows  one  example  
adapted  from  ISO 1 4971 :2007.  

Table  3  – Example of  five  qual i tative  SEVERITY  l evels  
(adapted  from  Table  D.3  of  ISO 1 4971 :2007)  

Common  terms  Possible  description  

Neg l i g i b l e  I nconven i ence  or  temporary d i scomfort  

M i nor Resu l ts  i n  temporary i n j u ry  o r  impai rmen t  no t  requ i ri ng  profess i onal  med i cal  i n terven ti on  

Seri ous  Resu l ts  i n  i n j u ry or  impai rmen t  requ i ri ng  profess i onal  med i cal  i n terven ti on  

Cri t i cal  Resu l ts  i n  permanen t  impai rmen t  or  l i fe - th reaten i ng  i n j u ry  

Catastroph i c  Resu l ts  i n  PATIENT  death  

 

EXAMPLE  Usi ng  the  SEVERITY  scheme  shown  i n  Tabl e  3 ,  a  MANUFACTURER  l im i ts  the  HAZARD -RELATED  USE  

SCENARIOS  i nc l uded  i n  the  SUMMATIVE  EVALUATION  to  those  wi th  a  SEVERITY  o f  “Seri ous”,  “Cri t i cal ” ,  o r  “Catastroph i c”.  

SEVERITY  estimates  are  obtained  from  the  analysis  of  HAZARDOUS  S ITUATIONS  done  accord ing  
to  I SO 1 4971 :2007  (4.3  and  4.4)  and  commun icated  to  the  IEC  62366-1  PROCESS  (as  arrow D  
i n  Fi gu re  A. 4  of  I EC  62366-1 :201 5) .  Other data can  be  i den ti fied  both  as  part  of  the  
ISO 1 4971  decis ion  making  PROCESS  and  the  IEC  62366-1  design  PROCESS .  

1 2.3  Selection  of  HAZARD-RELATED USE  SCENARIOS  based  on  other ci rcumstances 

I EC  62366-1  men tions  the  possibi l i ty  o f  us ing  other  ci rcumstances  speci fi c  to  the  MEDICAL 

DEVICE  and  the  MANUFACTURER ,  i f  data are  avai lable  and  the  scheme and  the  rationale  are  
documented.  For example,  se lection  of  the  HAZARD -RELATED  USE  SCENARIOS  to  be  i ncluded  i n  
the  SUMMATIVE  EVALUATION  can  be  based  on  RISK  l evels  (generated  from  the  combination  of  
the  probabi l i ty  of  occurrence  of  HARM  and  the  SEVERITY  o f  the  consequences  of  that  HARM )  
rather  than  on  SEVERITY  a lone.  

The  ISO 1 4971  PROCESS  can  provide  data on  the  EFFECTIVENESS  o f  exi sti ng  RISK CONTROL 

measures  that  can  j usti fy  estimating  probabi l i ty  that  the  RISK CONTROL  measure  preven ts  HARM .   

For some HAZARDS ,  the  effects  of  t ime  can  be  taken  i n to  consideration .  The  example  provided  
i n  I EC  62366-1  ( taken  from  IEC  60601 -1 -8  [1 ] )  explains  that  the  RISK  associated  wi th  an  
ALARM  CONDITION  i s  dependen t  on  the  amount  of  t ime  that  e lapses  between  the  ALARM  

CONDITION  occu rring  and  when  the  HARM  occurs.  S im i larl y,  the  RISK  associated  wi th  a  USE  

ERROR  occurring  can  depend  on  the  amoun t of  t ime  that  e lapses  between  the  USE  ERROR  
occurring  and  when  the  HARM  occurs.  Th is  resembles  the  decreasing  of  probabi l i ty  of  HARM  by  
the  amoun t of  even ts  or  RISK CONTROL  measure  breakdowns  needed  before  HARM  occurs.  

Probabi l i ty  estimates  can  also  be  deri ved  from  POST-PRODUCTION  data on  curren t  or  previous  
versions  of  the  MEDICAL DEVICE .  These  data can  be  used  to  estimate  both  probabi l i ty  of  USE  

ERROR  and  probabi l i ty  of  resu l ti ng  HARM ,  depend ing  on  the  natu re  of  data,  i ts  vo lume  and  
dependabi l i ty.  Refer to  Clause  1 9  for  fu rther  gu idance.  
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Probabi l i ty  estimates  can  also  be  derived  from  knowledge  abou t  factors  affecting  the  
probabi l i ty  of  the  occurrence  of  USE  ERROR  o r  of  the  probabi l i ty  of  the  occu rrence  of  resu l t ing  
HARM .  

1 3  Establ ish  USER INTERFACE SPECIFICATION  

1 3.1  Development  of  the  USER INTERFACE  SPECIFICATION  

The  USER INTERFACE  SPECIFICATION  i s  a  document  consisting  of  USER  INTERFACE  REQU IREMENTS .  
The  USER  INTERFACE  SPECIFICATION  can  physical ly  consist  o f  one  or  more  documents.  

USER  INTERFACE  REQU IREMENTS  are  a pri ncipal  means  to  ensu re  that  a  USER  I NTERFACE  des ign  
ascribes  to  good  USABILITY ENGINEERING  pri nciples  as  wel l  as  meets  speci fi c  needs  i den ti fi ed  
du ring  earl ier  USER  research  acti vi ti es  and  preferences  expressed  by the  i n tended  USERS .  
USER  INTERFACE  REQU IREMENTS  can  also  be  drawn  from  USABILITY ENGINEERING  resources.  
Reference  [4]  i s  a  parti cu larly  ri ch  source,  because  i t  con tains  extensive  data,  such  as  the  
s i ze  (an th ropometry)  and  streng th  (biomechan ics)  o f  human  beings  at  the  extremes  (e. g .  f i fth -
percen ti l e  female  and  n inety- fi fth -percen ti le  male)  and  i n  between .  Other sources  i nclude  
other USABILITY ENGINEERING  s tandards,  USABILITY ENGINEERING  textbooks,  and  USER I NTERFACE  
desi gn  style  gu ides.  Speci fi c,  quan ti tati ve  USER I NTERFACE  REQU IREMENTS  tend  to  be  most  
helpfu l .  

MANUFACTURERS  m igh t  develop  j ust  a  few or  many USER  I NTERFACE  REQU IREMENTS  depend ing  
on  the  extent  to  wh ich  USERS  i n teract  wi th  the  g iven  MEDICAL  DEVICE .  For example,  they m igh t  
develop  many more  USER  I NTERFACE  REQU IREMENTS  as  a  basis  for  design ing  a  ven ti lator used  
i n  cri t i cal  care  as  compared  to  an  otoscope  used  i n  a  physician 's  offi ce  to  l ook i n to  a  PATIENT 'S  
ear.  Annex I  con tains  examples  of  expressed  needs  and  associated  USER  INTERFACE  

REQU IREMENTS .   

A  USER  INTERFACE  SPECIFICATION  i s  based  on  several  RECORDS  described  earl i er,  i nclud ing :  

a)  the  USE  SPECIFICATION ;  

b)  the  known  or  foreseeable  USE  ERRORS  associated  wi th  the  MEDICAL DEVICE ;  and  

c)  the  selected  HAZARD-RELATED  USE  SCENARIOS .  

MANUFACTURERS  are  wel l  served  to  develop  a l i brary of  USER I NTERFACE  REQU IREMENTS  that  
can  be  drawn  upon ,  as  appropriate,  during  particu lar development  efforts .  The  USER 

I NTERFACE  REQU IREMENTS  shou ld  be  updated  as  new in formation  abou t  USER ’S  needs  and  
preferences  becomes  avai lable,  as  wel l  as  when  new RISKS  are  i den ti fi ed .  

The  USER  I NTERFACE  SPECIFICATION  shou ld  be  developed  ahead  of  the  USER INTERFACE ,  bu t  
then  evolve  wi th  the  ensu ing  design .  Otherwise,  i t  qu ickly  becomes  ou tdated .  

1 3.2  ACCOMPANYING  DOCUMENTATION  and  train ing  

Because  the  i nstructions  for  use  and  other ACCOMPANYING  DOCUMENTATION  are  considered  part  
o f  the  MEDICAL DEVICE ,  USER  INTERFACE  REQU IREMENTS  shou ld  be  developed  for  i nstructions  for  
use  and  other ACCOMPANYING  DOCUMENTATION  as  part  o f  the  USER  I NTERFACE  SPECIFICATION .  I t  
i s  important  that  atten tion  be  paid  to  i nstructions  for u se  and  other ACCOMPANYING  

DOCUMENTATION  requ i rements  earl y i n  development,  as  such  requ i rements  can  serve  as  
dri vers  du ring  USER  I NTERFACE  des ign ,  for  example,  when  decis ions  are  made  to  embed  
i nstructi ons  for  use  or  he lp  wi th in  the  MEDICAL DEVICE  i tse l f,  as  opposed  to  i ncorporati ng  i t  on ly  
i n  pri n ted  manuals  or  on - l i ne  i n formation .  

I EC  62366-1 :201 5,  5 . 6,  requ i res  the  USER I NTERFACE  SPECIFICATION  to  i nclude  whether 
ACCOMPANYING  DOCUMENTATION  o r  trai n ing  are  requ i red  for  the  safe  use  of  the  MEDICAL DEVICE .  
MANUFACTURERS  shou ld  determ ine  the  i nstructions  for  use  and  other ACCOMPANYING  

DOCUMENTATION  con ten t  that  i s  needed  for  each  g roup  of  USERS  i den ti f ied  for  the  MEDICAL 
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DEVICE ,  taking  i n to  consideration  the  envi ronment(s)  o f  use  of  the  MEDICAL DEVICE .  
MANUFACTURERS  shou ld  al so  determ ine  the  del i very mechan isms  ( i . e .  med ia)  that  are  most  
effecti ve  to  meet  the  parti cu lar  needs  i den ti f ied .  

MANUFACTURERS  shou ld  develop  USER INTERFACE  REQU IREMENTS  for  i n formation  for SAFETY  
material  consideri ng  al l  e lements  of  the  USE  SPECIFICATION .  Considerations  i nclude  the  amount  
of  i n formation  needed  (e. g .  book,  s i ng le  sheet  of  paper,  cards,  several  o f  these  opti ons) ,  
med ia  (e . g .  vi deo,  aud io,  e lectron ic  text,  pri n ted  text) ,  packag ing  and  storing  of  the  
i n formation  for  SAFETY  ( for l arger MEDICAL  DEVICES  th i s  cou ld  be,  for  i nstance,  a  shel f  
i ncorporated  i n to  the  MEDICAL  DEVICE  des ign) ,  attribu tes  of  the  med ia  chosen  (e. g .  mobi l i ty,  
screen  s ize,  paper weigh t,  fon t  s i ze) ,  as  wel l  as  target  read ing  l evel  for the  i n formation  for  
SAFETY  ( i . e .  based  on  general  and  heal th  l i teracy of  the  i n tended  USERS ) .  

MANUFACTURERS  shou ld  i nclude  the  acti vi t i es  related  to  the  evaluation  of  the  i n formation  for 
SAFETY  i n  the  USER I NTERFACE  EVALUATION  p lan .  

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

MANUFACTURERS  should determine the training content that is needed for each group of USERS  
identified for the MEDICAL DEVICE,  taking into consideration the environment(s) of use of the 
MEDICAL DEVICE.  MANUFACTURERS  should also determine the delivery mechanisms (i.e.  media) 
that are most effective to meet the particular training needs identified.  Training requirements 
should be expressed in terms of USER  performance,  not simply in terms of the content 
contained in the training materials.  Therefore,  requirements for training are best expressed in 
language such as “Following instruction about X,  the USER  shall be able to demonstrate 
PROCEDURE X unassisted and without errors.” Reference [17] provides detailed guidance on 
the development of training materials,  including the requirements development phase of the 
PROCESS.  

In some cases,  training requirements can be relatively simple; in others (e.g.  home dialysis 
equipment; surgical robots),  much more extensive requirements are needed.  As is the case 
with other aspects of the USER INTERFACE,  training requirements evolve over the course of 
design and should be updated as the design progresses.  

1 4  Establ ish  USER INTERFACE  EVALUATION  p lan  

1 4.1  Speci fy how the  USER  INTERFACE  design  wi l l  be  explored  and  evaluated  

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

The  USER  INTERFACE  EVALUATION  p lan  helps  to  synchron i ze  USER INTERFACE  EVALUATION  
acti vi ti es  wi th  other development  acti vi t ies.  The  plan  shou ld  i nclude  i n formation  abou t  the  
t im ing  of  the  USER INTERFACE  EVALUATIONS  and  thei r  re lationsh ips  wi th  the  overal l  development 
project.  For example,  i t  i s  importan t  that  a  prototype  i s  avai lable  pri or  to  USABILITY TEST  
execu tion .  I t  i s  therefore  vi tal  to  synchron ize  the  prototype  development  acti vi ti es  wi th  USER 

I NTERFACE  EVALUATION  acti vi t i es.  I t  i s  often  advisable  to  i n tegrate  both  sets  of  acti vi t i es  i n to  
one  pro ject  plan .  

USER  INTERFACE  EVALUATION  can  vary i n  scope  and  complexi ty.  Add i t ional  i n formation  abou t  
methods  i s  found  i n  Table  E . 1 .  Wh i le  s imple  USER  INTERFACE  EVALUATION  methods  conducted  
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as  FORMATIVE  EVALUATIONS  such  as  expert  reviews,  can  be  conducted  qu i te  cost  effecti vely,  
more  extensive  USER I NTERFACE  EVALUATIONS  can  requ i re  g reater resources  ( i . e .  t ime,  money,  
s taff,  material ,  prem ises,  test  participan ts,  etc. ) .  The  USER INTERFACE  EVALUATION  p lan  helps  to  
make  MANUFACTURERS  aware  of  resource  needs  and  to  al l ocate  necessary resources  wel l  
enough  i n  advance.  

USER  INTERFACE  con fi rmation  i nvolves  conducti ng  a  SUMMATIVE  EVALUATION—ideal ly  as  a  
fo l low-up  to  a  series  of  FORMATIVE  EVALUATIONS  u sed  to  explore  the  design—to  ensure  that  the  
USABILITY  i s  acceptable  ( i . e .  that  use-related  RISKS  have  ei ther  been  e l im inated  or  reduced  to  
an  acceptable  level ) .  Experience  among  USABILITY SPECIALISTS  suggests  that  SUMMATIVE  

EVALUATIONS  u sual l y  produce  fi nd ings  that  warran t  design  changes  when  a  MEDICAL DEVICE  
has  not  undergone  one  or more  FORMATIVE  EVALUATIONS .  

The  USER INTERFACE  EVALUATION  p lan  can  be  a  standalone  document  or  i n tegrated  i n to  the  
USABILITY ENGINEERING  pro ject  plan .  

1 4.2  FORMATIVE  EVALUATION  p lanning  

FORMATIVE  EVALUATION  i s  an  effecti ve  way to  “ fi l ter-ou t"  USER INTERFACE  des ign  shortcomings  
that  cou ld  i nduce  poten tial l y  harmfu l  USE  ERRORS .  The  appropriate  number of  FORMATIVE  

EVALUATIONS  depends  on  many factors  i nclud ing  the  MEDICAL  DEVICE ’S  complexi ty,  the  
poten tial  for  USE  ERRORS  that  cou ld  be  harmfu l ,  and  the  development  schedu le  and  budget.  To  
be  conservative,  MANUFACTURERS  can  plan  to  conduct  at  l east  2  to  3  FORMATIVE  EVALUATIONS .  
Notably,  i t  can  be  more  productive  to  conduct  many ( i . e .  more  than  2  to  3) ,  smal l -scale  
FORMATIVE  EVALUATIONS  rather  than  fewer,  large-scale  FORMATIVE  EVALUATIONS .  

Al though  FORMATIVE  EVALUATIONS  are  general l y  smal l -scale  and  i n formal  compared  to  a  
SUMMATIVE  EVALUATION ,  they tend  to  g row larger  and  more  formal  as  a  design  evolves  from  an  
early  concept  to  a  production-equ ivalen t  prototype.  Many USABILI TY ENGINEERING  practi ti oners  
choose  to  have  the  last  FORMATIVE  EVALUATION  match  the  SUMMATIVE  EVALUATION  methodology 
( i . e .  an  early  vers ion  of  a  SUMMATIVE  EVALUATION  p lan ) .  The  methodology cal l s  for  test  
participan ts  to  work i ndependen tl y  ( i . e .  wi thou t  assistance  and  wi thou t  the  ki nd  of  test  
moderator- test  parti cipan t  d ialogue  that  clari fi es  USER  preferences  du ring  many FORMATIVE  

EVALUATIONS)  and  to  perform  what  analyses  have  determ ined  to  be  the  TASKS  associated  wi th  
the  h i ghest  RISKS .  Accord ing ly,  the  last  FORMATIVE  EVALUATION  can  be  cal led  a  pre-SUMMATIVE  

EVALUATION .  I t  i s  the  time  to  d i scover any remain ing  USER INTERFACE  shortcomings  that  wou ld  
need  to  be  addressed  so  that  no  new fi nd ings  are  d i scovered  du ring  the  SUMMATIVE  

EVALUATION .  It is also a good time to assess the given MEDICAL  DEVICE'S  performance against 
established USABILITY GOALS  (related to commercialization issues and not SAFETY issues) if the 
MANUFACTURER has not already done so in preceding FORMATIVE EVALUATIONS.  

1 4.3  SUMMATIVE  EVALUATION  p lanning  

SUMMATIVE  EVALUATION  i s  used  to  con fi rm  the  SAFETY  o f  the  USER I NTERFACE .  SUMMATIVE  

EVALUATION  i s  frequen tl y a  part  o f  the  design  val idation  acti vi t ies  i n  the  development  of  a  
MEDICAL DEVICE .  

MANUFACTURERS  conduct  a  SUMMATIVE  EVALUATION  to  make  what  i s  typical l y  thei r  fi nal  
evaluation  of  a  MEDICAL  DEVICE  so  to  determ ine  whether or  not  the  USER I NTERFACE  has  
acceptable  use-related  RISK and  EFFECTIVENESS .  

The  SUMMATIVE  EVALUATION ,  vi ewed  from  an  acceptable  RISK  perspecti ve  rather than  business  
standpoin t,  seeks  to  con fi rm  that  the  USER I NTERFACE  enables  effecti ve  use  and  protects  
against  poten tial l y  harmfu l  USE  ERRORS .  Such  testing  can  on ly take  place  on  the  f i nal  or  
production -equ ivalen t  USER  INTERFACE .  A successfu l  test  generates  the  evidence  necessary to  
demonstrate  that  the  USER I NTERFACE  i s  acceptable  ( i . e .  RISK CONTROLS  are  effecti ve  and  that  
overal l  RISK  has  been  reduced  to  an  acceptable  l evel ) .  Some  AHJ  wi l l  review SUMMATIVE  

EVALUATION  resu l ts  i n  detai l .  
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The  SUMMATIVE  EVALUATION  i s  the  f i nal  check that  a  MEDICAL  DEVICE  can  be  used  safely  on  
humans,  that  i s  un less  there  i s  a  need  for  fu rther USABILITY EVALUATION  i n  a  cl i n ical  s tudy to  
produce  adequate  evidence  of  a  MEDICAL  DEVICE 'S  acceptable  use-related  RISK.  Therefore,  
such  testing  can  be  requ i red  before  a  MANUFACTURER  i s  perm i tted  to  use  the  MEDICAL  DEVICE  
i n  a  cl i n i cal  s tudy or,  l ater on ,  market  the  MEDICAL  DEVICE .  

I f  a  MANUFACTURER  has  developed  an  updated  version  of  a  pre-existi ng  MEDICAL  DEVICE ,  the  
SUMMATIVE  EVALUATION  can  focus  on  con fi rm ing  the  adequacy of  the  USER  I NTERFACE 'S  new 
portion  and/or  mod i fi cations,  presuming  that  the  balance  of  the  USER  INTERFACE  was  
previously  evaluated  by means  of  a  SUMMATIVE  EVALUATION .  Th is  i s  sometimes  referred  to  as  a  
‘bridg ing  study’ .  However,  i f  the  previous  MEDICAL  DEVICE  version  d i d  not  undergo  a  SUMMATIVE  

EVALUATION ,  the  MANUFACTURER  shou ld  conduct  a  comprehensive  SUMMATIVE  EVALUATION  to  
con fi rm  the  adequacy  of  the  en ti re  USER  I NTERFACE .  Older portions  of  the  USER  I NTERFACE  are  
not  "g randfathered"  as  far  as  USABILITY TESTING  i s  concerned ,  regard less  of  whether the  
ori g inal  MEDICAL  DEVICE 'S  has  an  exemplary use  h i story.  I t  i s  considered  USABILITY OF  

UNKNOWN  PROVENANCE  and  i s  evaluated  accord ing  to  Annex C  of  I EC  62366-1 :201 5.  

1 4.4  USABILITY TEST  p lann ing  

FORMATIVE  and  SUMMATIVE  EVALUATIONS  o ften  i nvolve  USABILITY TESTS .  These  USABILITY TESTS  

shou ld  be  planned  to  provide  the  data needed  to  evaluate  the  USER  INTERFACE .  

The  plan  for each  USABILITY TEST shou ld  be  documented  i n  the  form  of  a  protocol  that  explains  
the  goals  of  and  the  methods  to  be  used  i n  the  USABILITY TEST.  As  requ i red  i n  
I EC  623661 :201 5,  5 . 7. 1 ,  such  protocols  i nclude  descriptions  of  the  fo l l owing :  

a)  parti cipan ts  i n  the  USABILITY TEST,  to  be  representative  of  each  i n tended  USER GROUP ;  

b)  test  envi ronment  and  other  use  cond i ti ons,  to  be  represen tati ve  of  the  i n tended  USE  

ENVIRONMENTS ;  

c)  the  ACCOMPANYING  DOCUMENTATION  to  be  provided  du ring  the  USABILITY TEST,  i f  any;  and  

d )  the  train ing  to  be  provided  du ri ng  the  USABILITY TEST ,  i f  any,  and  the  m in imum  e lapsed  
t ime  between  the  train ing  and  the  beg inn ing  of  the  USABILITY TEST.  

USABILITY TEST  protocols  can  be  structured  i n  a  variety  of  ways.  Wel l -structu red  USABILITY TEST  
protocols  serve  the  importan t  purpose  of  describing  the  detai l s  of  how a  USABILITY TEST  i s  
conducted ,  thereby ensuring  i ts  qual i ty.   

1 4.5  Example  USABILITY TEST  protocol  and  report  

Table  4  con tains  an  example  USABILITY TEST  protocol  ou tl i ne.  I t  i s  j ust  one  example  and  i s  not  
i n tended  to  be  the  model  for  every type  of  USABILI TY TEST.  The  example  ou tl i ne  i s  for  a  
SUMMATIVE  EVALUATION ,  wh ich  i s  why i t  i s  so  comprehensive.  FORMATIVE  EVALUATIONS  cou ld  
have  a  shorter  protocol  wi th  a  s impler ou tl i ne  that  l eaves  ou t  some  of  the  detai l s  needed  for  
SUMMATIVE  EVALUATION .  
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Table  4  – Example  outl ine  of  a  USABILITY TEST  protocol  

I tem  nb  Protocol  el ement  

1  I n troducti on  

2  Test  pu rpose  

3  Test  method  overvi ew 

4  Test  I tems  (MEDICAL  DEVICE  and  ACCESSORIES  be i ng  eval uated  i n cl u d i ng  con fi gu rati on )  

5  Test  materi al s  (support i ng  materi al s  n eeded  for  the  test)  

6  Test  envi ronmen t  

7  Test  part i ci pan ts  (USER  GROUPS ,  n umber and  se l ect i on  cri teri a)  

8  Test  personnel  (s taff  ro l es  and  responsi bi l i t i es)  

9  Li s t  o f  TASKS  based  on  se l ected  HAZARD -RELATED  USE  SCENARIOS  

1 0  Data  co l l ecti on  techn i ques  and  methods  (both  ob ject i ve  and  subjecti ve)  

1 1  Data  anal ys i s  methods  

1 2  USABI LI TY  tes t  scri pt  (moderator  gu ide)  

1 3  Test  protocol  templates  (data  co l l ect i on  forms  necessary for  conducti ng  the  USABI LI TY TEST)  

1 4  Parti ci pan t  t rai n i ng  protocol ,  i f  requ i red  

 

When  USABILI TY TESTS  i nclude  i n formation  that  m igh t  be  subject  to  data securi ty  or  pri vacy 
ru les  or  regu lations,  these  ru les  have  to  be  considered  and  fo l l owed .  An  eth ics  commi ttee  
review and  i n formed  consent  cou ld  also  be  requ i red .  [1 8]  [1 9 ]  

USABILITY TEST  reports  can  be  structu red  i n  a  variety  of  ways.  Wel l -structu red  test  reports  are  
the  OBJECTIVE  EVIDENCE  g enerated  from  the  test  resu l ts  and  do  not  necessari l y  describe  how 
the  USER INTERFACE  problems  i den ti f ied  du ri ng  the  test  m igh t  be  so lved .  

Table  5  con tains  an  example  of  one  of  many possible  ou tl i nes  for  a  USABILI TY TEST  report.  The  
example  report  i s  su i ted  for  SUMMATIVE  EVALUATION ,  and  therefore  i s  very comprehensive.  
FORMATIVE  EVALUATIONS  can  have  shorter test  reports.  

Table  5  – Example outl ine  of  a  USABILITY TEST  report  

I tem  nb  Report  el ement  

1  Execu ti ve  summary  

2  I n troducti on  

3  Summary o f  test  pro tocol  

4  Devi at i ons  from  test  protoco l  

5  Detai l ed  test  resu l ts  (USE  ERRORS  i den ti f i ed  and  TASK  performance  data)  

6  Analys i s  o f  resu l ts  (USE  ERRORS ,  CLOSE  CALLS ,  areas  for  improvemen t)  

7  Concl us i ons  ( resu l ts  o f  USABILI TY TEST)  

 

1 5  Design  and  implement  the  USER INTERFACE  and  train ing  

1 5.1  General  

The  USER INTERFACE  des ign  shou ld  meet  the  establ i shed  USER INTERFACE  REQU IREMENTS ,  
thereby ensu ri ng  a  so lu ti on  that  i s  wel l  su i ted  to  the  i n tended  USERS ,  rather than  design ing  the  
USER  INTERFACE  primari l y  based  on  technolog ical  capabi l i ti es  and  constrain ts.  The  USER 
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I NTERFACE  des ign  PROCESS  i s  i terati ve.  Figure  2  presen ts  an  example  USER INTERFACE  des ign  
progression .  Even tual l y,  the  USER INTERFACE  des ign  l eads  to  USER INTERFACE  REQU IREMENTS  
impl i ci t l y  meeting  the  USER needs  and  ensuring  that  the  USER I NTERFACE  perm i ts  the  USER  to  
perform  acceptably  al l  HAZARD-BASED  USE  SCENARIOS .  

The  best  way to  preven t  USE  ERROR  and  the  possible  resu l ti ng  HARM  i s  to  e l im inate  a  HAZARD  
o r  HAZARDOUS  S I TUATION  al together.  Another way i s  to  produce  a  design  wi th  bu i l t- i n  
protections  against  USE  ERRORS ,  such  as  physical  guards  over a  cri ti cal  con tro l ,  an  i n terlock 
preven ti ng  acciden tal  con tro l  actions,  requ i ring  USERS  to  con fi rm  cri t i cal  actions.  These  types  
of  RISK CONTROL  measures  shou ld  be  carefu l l y  used  and  thorough ly  analysed  to  make  su re  
that  when  implemented  no  new HAZARDOUS  SI TUATIONS  are  added  such  as  delaying  operation .  

When  USE  ERRORS  occur despi te  other RISK CONTROLS ,  ALARM  SIGNALS  can  be  an  effecti ve  way 
to  d raw the  USERS ’  atten ti on  and  g i ve  them  a  chance  to  correct  the  problem  before  HARM  can  
occur.  However,  MANUFACTURERS  shou ld  avoid  making  warn ings,  i nstructi ons,  and  train ing  the  
primary means  of  preventing  USE  ERROR .   

Consisten t  wi th  the  goal  to  ensure  MEDICAL DEVICE  SAFETY  and  USABILI TY,  MANUFACTURERS  
shou ld  focus  on  producing  a  h igh-qual i ty USER  INTERFACE ,  d rawing  on  data abou t  human  
capabi l i t ies  and  preferences  that  can  be  found  i n  USABILITY ENGINEERING  s tandards  (e . g .  
references  [4] ,  [20]  [21 ]  and  [22] )  and  textbooks.  MANUFACTURERS  shou ld  also  establ i sh  
PROCEDURES  to  ensure  that  eng ineering  and  manu facturing  decis ions  take  fu l l  account  of  USER 

I NTERFACE  requ i rements.  

The  MANUFACTURER  shou ld  keep  USER  INTERFACE  des ign  from  becoming  a  bu reaucratic  
exercise  focused  more  on  producing  documents  to  fi l l  the  USABILITY ENGINEERING  FILE  than  
producing  design  excel lence.  USER INTERFACE  des ign  warran ts  a  structu red  approach ,  such  as  
that  described  i n  th is  techn ical  report.  However,  design ing  safe,  usable,  and satisfying 
MEDICAL DEVICES  cal l s  for the  appl i cati on  of  design  experti se.  
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Figure 2  – Progression  of  a  USER INTERFACE  design   
from  mul tiple  concepts to  a  few concepts  to  a  preferred  concept  

MANUFACTURERS  shou ld  design  the  ACCOMPANYING  DOCUMENTATION  and ,  i n  parti cu lar,  the  
i n formation  for  use,  i n  an  i terative  PROCESS  based  on  i terative  USABILITY EVALUATION  o f  both  
i n formation  for  SAFETY  and  the  MEDICAL DEVICE  i tse l f.  Requ i rements  can  evolve  or change  
during  the  course  of  the  USABILI TY ENGINEERING  PROCESS .  

1 5.2  Develop  conceptual  model (s)  

A MEDICAL DEVICE’S  conceptual model describes the general organization of the USER 

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

MANUFACTURERS  should be mindful that a coherent conceptual model is the foundation of a 
good USER INTERFACE design and that USERS  can help choose an appropriate one by judging 
them in more abstract forms,  such as Figure 2,  or simple instantiations,  such as alternative 

IEC  



I EC  TR  62366-2:201 6  © I EC  201 6  – 47  – 

control panel layouts or a limited set of computer screens.  USER feedback on these 
instantiations can be collected through FORMATIVE EVALUATION.  

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

1 5.3  Design  software USER INTERFACES  ( i f  appl icable)  

1 5.3.1  General  

There  are  many ways  to  approach  software  USER  I NTERFACE  des ign .  The  best  approach  m igh t  
depend  on  whether the  MANUFACTURER i s  modi fyi ng  existi ng  software  USER I NTERFACE  o r  
creating  a  new one.  Th is  subclause  describes  an  approach  to  the  latter  that  can  then  be  
tai lored ,  as  needed ,  to  apply to  the  PROCESS  o f  mod i fyi ng  an  existi ng  software  USER 

I NTERFACE .  [21 ]  

1 5.3.2  Review USER  INTERFACE  REQUIREMENTS  and  constraints  

As a precursor to  developing  the  software  USER INTERFACE ,  MANUFACTURERS  shou ld  review the  
USER  INTERFACE  REQU IREMENTS ,  wh ich  shou ld  be  rooted  i n  an  understand ing  of  USER  needs,  
MEDICAL DEVICE  USE  SCENARIOS ,  and  the  possible  USE  ENVIRONMENTS .  Sample  software-related  
USER  INTERFACE  REQU IREMENTS  for  a  hypotheti cal  MEDICAL DEVICE  (and  not  necessari l y  o ther 
MEDICAL DEVICES )  i nclude  the  fo l l owing .  

a)  Every screen  shal l  have  a  mean ing fu l  t i t l e  to  help  USERS  recogn ize  thei r  l ocation  i n  the  
software  h ierarchy and  thei r  progress  i n  the  TASK  at  hand .  

b)  When  an  on-going  function  requ i res  the  USER  to  wai t  more  than  3  s ,  the  associated  screen  
shal l  provide  a  progress  i nd icati on .  

c)  Every screen  shal l  have  at  l east  one  dynamic e lement  so  that  USERS  can  detect  i f  a  screen  
has  fai led  ( i . e .  s topped  updating ) .  

d )  Text  shal l  be  at  l east  1 4  po in t  or  larger  to  ensure  leg ibi l i ty  among  i nd ivi duals  wi th  l ess  
than  normal  vi sual  acu i ty  (e . g .  USERS  who  are  fars igh ted  and  m igh t  not  to  be  wearing  thei r  
read ing  g lasses) .  

The  review of  the  USER  INTERFACE  REQU IREMENTS  sets  the  stage  for  a  USER-cen tred  software  
USER  I NTERFACE  desi gn  effort,  wi th  al l  participants  cogn izan t  of  the  USABILI TY ENGINEERING -
related  design  expectations.  

1 5.3.3  Develop software  USER INTERFACE  structure(s)  

Bu i ld ing  on  the  conceptual  model ,  MANUFACTURERS  shou ld  explore  mu l ti ple  software  USER 

INTERFACE  s tructures  and  h igh- level  navigati on  schemes.  Th is  structu re  can  be  depicted  as  
screen  fl ows  that  depict  the  re lated  USER  navigation  methods.  The  design  focus  wou ld  be  on  
the  general  purpose  of  various  screens  types  rather than  the  functi onal  detai l  o f  any particu lar 
screen .  

The  fo l l owing  principles  from  reference  [1 0]  shou ld  be  considered  wh i le  design ing  software  
USER  INTERFACES :  

a)  su i tabi l i ty  for  the  TASK;  

b)  se l f-descripti veness;  

c)  con form i ty wi th  USER  expectati ons;  

d )  su i tabi l i ty  for  l earn ing ;  

e)  con tro l labi l i ty;  

f)  error  to lerance;  and  
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g )  su i tabi l i ty  for  i nd i vidual i zation .  

1 5.3.4  Design  wireframes 

Software  screens  and  a  navigational  s tructu re  shou ld  be  designed  to  match  the  USER 

I NTERFACE  s tructure.  One  option  for  i n i t i al  design  of  the  screens  i s  to  create  “stripped-down”  
screens,  or what  are  often  cal l ed  wi reframes,  that  present  conten t  via  generic  forms  to  
represent  screen  i tems.  These  wi reframes  can  be  used  d i rectl y  as  a  veh icle  to  faci l i tate  
d i scussion  of  the  con ten t  of  the  screens,  and  they can  be  bu i l t  i n to  working  prototypes  to  
demonstrate  the  proposed  navigational  s tructu re.  Wi th  such  an  approach ,  vi sual  design  of  the  
screens  can  proceed  i n  paral l e l  by choosing  a  few represen tati ve  screens  and  creating  
mu l ti ple  visual  design  solu tions  to  represen t  al ternati ve  approaches  to  the  “ look and  feel ”  of  
the  screens.  The  advan tage  of  th is  design  PROCESS  i s  that  i t  avoids  i nvesting  the  t ime  and  
effort  necessary for  creati ng  al ternative  vers ions  of  the  whole  array of  necessary screens.  

Thus,  wai ti ng  to  implement  a  preferred  vi sual  style  un ti l  l ater i n  the  design  PROCESS  i s  a  
common  practi ce  among  many software  USER INTERFACE  des igners.  However,  there  i s  a  RISK  
associated  wi th  use  of  wi re  frames:  prospective  USERS  and  design  reviewers  wi th in  the  
development  organ ization  m igh t  have  d i ffi cu l ty  i n terpreting  wi reframes,  s trugg l i ng  to  react  
s trictl y  to  screen  con ten t  i nstead  of  vi sual  appeal  ( i . e .  aesthetics) .  Also,  subtleties  of  the  
vi sual  designs  m igh t  s ign i fi can tl y  affect  USER  i n teractions,  someth ing  that  wou ld  not  be  
i den ti fied  by testing  sole ly  wi th  wi reframes.  Therefore,  i t  i s  common  to  strike  a  balance,  
i n i ti al l y  creati ng  s imple  screens  reflecting  a reasonably  real i stic  bu t  s t i l l  f l exible  visual  s tyle .  
Th is  approach  enables  designers  to  use  visual  design  elements,  such  as  colour and  a  more  
nuanced  arrangement  of  onscreen  features,  to  commun icate  importan t  i n formation  that  cou ld  
not  be  represen ted  i n  a  monochrome  wi reframe.  

As  d i scussed  i n  C lause  1 6,  MANUFACTURERS  shou ld  seek USER  feedback on  the  USER 

I NTERFACE  structu re  and  sample  screens  of  i ncreasing  FIDELITY.  One  approach  i s  to  conduct  a  
FORMATIVE  EVALUATION  u s ing  a  cogn i t i ve  walkth rough  – having  representative  USERS  i n terpret  
what  they see  on  static  screens  (e . g .  pri n tou ts,  d i g i tal  images,  s l i de  presen tations)  and  
describe  what  actions  they wou ld  take.  Another approach ,  made  possible  by the  avai labi l i ty  o f  
a  wide  variety  of  “rapid -prototyping ”  tools ,  i s  to  create  one  or  more  early  compu ter-based  
working  prototypes  that  i ncorporate  screens  and  the  navigati onal  s tructu re  i n to  a  “usable”  
SIMULATION  for  FORMATIVE  EVALUATION .  The  advan tage  of  the  latter  i s  that  i t  reduces  the  
chances  of  USABILI TY  problems  fai l i ng  to  become apparen t  because  of  the  un real i stic  nature  of  
s tatic  screens.  

1 5.3.5  Design  screen  templates  

After  the  appropriate  screen  con ten t  has  been  wel l  defi ned  (albei t  subject  to  fu tu re  
refi nement) ,  the  MANUFACTURER  develops  screen  templates  that  provide  a consistent  
framework for  speci fi c  screen  development.  Screen  templates  help  to  ensure  design  
consistency.  They define  the  standard ized  posi t i on  and  appearance  of  on -screen  e lements,  
such  as  t i t l es,  headings,  data l abels,  USER  prompts,  i l l ustrations,  vi sual  ALARM  SIGNALS ,  and  
data i npu t  and  ou tpu t  f i e lds.  I t  i s  typical  to  produce  5  to  1 0  templates  to  faci l i tate  the  
development  of  screens  such  as  those  that  welcome  USERS  du ri ng  mach ine  start-up,  presen t  
PATIENT/treatment  status  i n formation ,  enable  parameter ad justments,  enable  a  review of  past  
parameter values  and  ALARM  CONDITIONS ,  and  i nd icate  equ ipment  power-down .  

1 5.4  Design  hardware USER  INTERFACES  ( i f  appl icable)  

1 5.4.1  General  

Hardware  USER  INTERFACE  design  can  be  approached  i n  a  top-down  or  bottom-up  manner,  the  
former being  preferred .  The  top-down  approach  starts  by envis ion ing  how USERS  i n teract  wi th  
hardware  i n  a  broad  sense,  consideri ng  the  USER INTERFACE ’S  g eneral  organ ization ,  and  then  
sh i ft i ng  focus  to  the  detai led  hardware  e lements.  The  bottom-up  approach  selects  
componen ts  to  address  functi onal  needs  and  then  organ izes  them  in  a  l og ical  manner.  The  
l atter  approach  can  work,  bu t  m igh t  produce  a  USER INTERFACE  that  does  not  function  very wel l  
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as  an  i n tegrated  whole,  particu larl y for  complex USER INTERFACES .  I t  can  be  usefu l  for the  
design  to  be  developed  us ing  both  approaches  i n  paral le l .  [4]  [22]  

1 5.4.2  Review USER  INTERFACE  REQUIREMENTS  and  constraints  

Before  developing  the  hardware  USER INTERFACE ,  the  MANUFACTURER  shou ld  review the  USER 

I NTERFACE  REQU IREMENTS ,  wh ich  shou ld  be  rooted  i n  an  understand ing  of  USER  needs,  
MEDICAL DEVICE  USE  SCENARIOS  and  possible  USE  ENVIRONMENTS .  Examples  of  hardware-
related  USER INTERFACE  REQU IREMENTS  i nclude  the  fo l lowing :  

a)  mechan isms  shal l  not  have  exposed  pinch  po in ts;  

b)  connectors  and  connector ports  shal l  preclude  m isconnections;  

EXAMPLE   F l u i d  connectors  that  compl y  wi th  I SO  80369-1 .  [23 ]  

c)  guards  or  i n terlocks  shal l  protect  the  MEDICAL DEVICE  from  con tro l  i npu ts  by unau thorized  
USERS ;  

d )  guards  or i n terlocks  shal l  protect  the  PATIENT  o r  USER  from  un in tended  ou tpu ts  of  the  
MEDICAL DEVICE .  

1 5.4.3  Develop concept  sketches 

A hardware  USER I NTERFACE  can  take  many forms  that  reflect  d i fferen t  design  trade-offs,  such  
as  the  trade-off  between  provid ing  a  ded icated ,  su rface- level  con trol  to  actuate  a  function  
versus  compl i cating  a con tro l  panel  and  possibly  i n tim idating  new USERS .  For  th is  reason ,  i t  
can  be  beneficial  to  generate  mu l t iple  hardware  design  sketches  or  3 -D  prototypes  and  obtain  
USER  feedback on  them  (e. g .  th rough  FORMATIVE  EVALUATION ) .  Th is  feedback can  complement  
the  resu l ts  of  eng ineering  analyses  performed  to  determ ine  wh ich  concept  i s  most  prom is ing  
and  warrants  fu rther development.  Figure  3  i l l ustrates  the  progression  of  concepts  from  
mu l tiple  concepts  to  a  few concepts  to  a  preferred  concept.  

1 5.5  Design  materials  necessary for  train ing  and  train ing  

1 5.5.1  General  

I f  train ing  i s  necessary for  the  safe  use  of  the  MEDICAL DEVICE ,  the  MANUFACTURER  shou ld  
determ ine  the  scope  of  the  train ing ,  the  scope  of  the  train ing  materials  and  the  USER  GROUPS  
who  need  to  be  trained .  I n  some  cases,  the  exten t  of  train ing  can  be  s imple.  I n  o ther cases  
(e. g .  home  d ialysis  equ ipment  or  su rg ical  robots)  more  extensive  trai n i ng  can  be  needed.   

I t  i s  importan t  that  attention  i s  paid  to  train i ng  requ i rements  earl y  i n  the  development  of  a  
MEDICAL DEVICE .  Train ing  requ i rements  can  serve  as  dri vers  du ri ng  USER INTERFACE  des ign ,  for 
example,  when  decis ions  are  made  to  embed  train ing  materials  wi th in  the  MEDICAL DEVICE  
i tsel f.   

As  i s  the  case  wi th  other aspects  of  the  USER INTERFACE ,  trai n ing  requ i rements  evolve  over 
the  cou rse  of  design  and  shou ld  be  updated  as  the  design  progresses.  

1 5.5.2  Train ing  materials  

Work on  a  MEDICAL DEVICE 'S  train i ng  materials ,  such  as  embedded,  computer-based  help,  
qu ick reference  cards,  and  the  ACCOMPANYING  DOCUMENTATION ,  wh ich  i ncludes  the  i nstructions  
for  use  and  techn ical  description ,  shou ld  start  as  soon  as  practical  during  the  design  PROCESS .  
Work on  train ing  materials  cannot  be  fu l l y  developed  un ti l  the  software  and  hardware  USER 

I NTERFACE  des igns  have  matured  su ffi ci en tly.  However,  earl y conceptual  work on  the  train ing  
materials  can  clari fy  design  i ssues  such  as  the:  

a)  exten t  of  an  embedded  help  system,  wh ich  cou ld  provide  basic  or  detai led  gu idance;   

b)  need  for  on-MEDICAL DEVICE  warn ings;  and  

c)  need  for  a  s torage  space  for  the  qu ick reference  cards  and  ACCOMPANYING  DOCUMENTATION  
wi th in  or  attached  to  the  MEDICAL DEVICE  i tsel f.  
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Figure  3  – Progression  of  concepts  from  mul tiple  concepts   
to  a  few concepts  to  a  preferred  concept  

The  train ing  requ i rements  con tained  i n  the  USER  I NTERFACE  SPECIFICATION  g u ide  the  
development  of  train ing  materials .  As  the  design  PROCESS  proceeds,  those  developing  train ing  
materials  shou ld  make  use  of  the  resu l ts  of  the  TASK  and  USE  ERROR  analyses  i n  order to  
accompl i sh  the  detai led  design  of  the  trai n ing  materials .   

As  wi th  other parts  of  the  USER INTERFACE ,  i t  i s  importan t  that  train ing  materials  be  tested  i n  
FORMATIVE  EVALUATION  du ri ng  the  detai led  design  phase  and  before  SUMMATIVE  EVALUATION  o f  
the  MEDICAL DEVICE .  Th is  i s  especial l y  importan t  when  train ing  materials  are  RISK CONTROL  
measures  for the  MEDICAL DEVICE ,  wh ich  means  that  they become  in formation  for SAFETY.  
When  developing  such  i n formation  for  SAFETY,  i t  i s  importan t  to  i den ti fy  to  whom  th is  
i n formation  i s  to  be  provided  and  how i t  i s  to  be  provided .  The  MANUFACTURER  shou ld  provide  
an  explanation  of  the  RISK,  the  consequences  of  exposure  and  what  shou ld  be  done  or  
avoided  to  prevent  HARM .  

I n  developing  the  i n formation ,  the  MANUFACTURER  shou ld  consider:  

a)  the  l evel  o f  pri ori ty  appropriate  to  classi fy  an  acti on :  danger,  warn ing ,  cau tion  or  noti ce;  

b)  the  l evel  or  detai l  o f  i n formation  needed;  

c)  the  l ocation  for  the  i n formation  for  SAFETY;  

d )  the  word ing  or p ictu res  to  be  used  to  ensure  clari ty  and  understandabi l i ty;  

e)  the  immed iate  recipien ts  (e . g .  USERS ,  service  personnel ,  i nstal lers,  PATIENTS ) ;  

f)  the  appropriate  med ia for  provid ing  the  i n formation ,  (e . g .  i nstructions  for  use,  l abels) ;  and  

IEC  
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g )  the  regu latory requ i rements,  etc.  

Selection  of  train ing  med ia  i s  one  of  the  major decis ions  that  shou ld  be  made  during  the  
design  of  trai n ing  materials .  MANUFACTURERS  have  more  choices  than  ever before  i n  terms  of  
train ing  med ia,  and  d i fferen t  forms  of  med ia have  thei r  s treng ths  and  weaknesses  i n  
del i veri ng  i n formation ,  depend ing  on  the  type  of  USER ,  the  use  con text  of  the  MEDICAL DEVICE ,  
and  the  parti cu lar i n formation  being  conveyed  du ring  i nstructi on .  For example,  i t  i s  very 
d i ff i cu l t  to  teach  the  PROCEDURE  for  us ing  an  au to- in jector to  a  novice  lay  USER  based  on  
prin ted  i nstructions  alone.  To  convey adequately the  sound  and  physical  acti ons  i nvolved  i n  
del i vering  an  i n jection ,  vi deo  and  aud io  have  many advantages  over pri n t.  Reference  [1 7]  
provides  substan tial  gu idance  on  the  selection  of  med ia.  

Detai led  design  gu idance  i s  avai lable  for  the  design  of  speci fi c  types  of  trai n ing  materials .  
References  [4] ,  [1 7]  and  [24]  provide  detai l ed  USABILITY ENGINEERING  design  gu idance  on  prin t  
and  e lectron ic  USER  manuals  as  wel l  as  qu ick-start  gu ides  and  reminder cards.  The  gu idance  
i ncludes  i n formation  on  the  organ ization  of  the  material  as  wel l  as  the  word ing  and  formatting  
of  i nstructi ons.  Addi ti onal  detai led  design  gu idance  can  be  found  i n  reference  [25] .  F inal l y,  
USABILITY ENGINEERING  g u i dance  on  the  design  of  mu l ti -med ia  trai n ing  and  i nstruction  i s  
avai lable  i n  references  [1 7] ,  [26] ,  [27]  and  [28] .  

1 5.5.3  Train ing  

Al though  the  MANUFACTURER  migh t  vi ew train ing  as  someth ing  to  be  developed  once  a 
MEDICAL DEVICE  development  effort  i s  near completion ,  i t  i s  usefu l  to  consider train ing  early  i n  
the  DEVELOPMENT PROCESS .  For example,  i t  i s  importan t  to  determine  i f  al l ,  some,  or none  of  
the  i n tended  USERS  are  i n tended  to  be  trai ned  prior  to  us ing  the  g iven  MEDICAL DEVICE .  Th is  
determ ination  cou ld  have  a  strong  i n fluence  on  the  degree  to  wh ich  the  g i ven  MEDICAL DEVICE  
shou ld  be  easi l y  understandable  to  a  f i rst- time  USER  or  requ i re  a  predefined  l evel  o f  
operati onal  knowledge  and  ski l l .  The  determination  of  the  need  for  trai n ing  shou ld  be  real i stic,  
taking  i n to  considerati on  the  MEDICAL DEVICE 'S  USE  SPECIFICATION .  

The  goal  of  any MEDICAL DEVICE  train ing  i s  to  provide  the  USERS  wi th  su ffi cien t  knowledge  and  
ski l l  to  be  able  to  use  i t  i n  a  safe  and  effective  way.  Trainers  stri ve  to  move  new USERS  a l ong  
the  " l earn ing  cu rve, "  i nclud ing  getti ng  beyond  any obstacle  that  trainees  m igh t  face  i f  they try 
to  use  an  un fam i l i ar  MEDICAL DEVICE  based  on ly  on  i n tu i ti on  or re lated  experiences.  However,  
the  MANUFACTURER nei ther assume that  trainees  wi l l  immediately  master  a  g i ven  MEDICAL 

DEVICE ,  nor  that  they wi l l  recal l  al l  of  the  importan t  detai l s  at  the  t ime  at  wh ich  they need  to  
use  the  MEDICAL DEVICE .  Wh i le  the  t ime  period  between  train ing  and  actual  MEDICAL DEVICE  
u se  m igh t  be  j ust  a  few hours  i n  some  cases,  i n  other cases  the  gap  cou ld  be  a  few mon ths,  
during  wh ich  trainees  m igh t  forget  or  con fuse  portions  of  what  they l earned  abou t  using  the  
MEDICAL DEVICE .   

When  defin ing  an  appropriate  l evel  o f  trai n ing ,  the  MANUFACTURER  c lari fy  the  fo l l owing  
questions.  

a)  Who  among  the  i n tended  USERS  (defi ned  by g roup  or  sub-group)  are  i n tended  to  receive  
trai n i ng?  

b)  When  i n  the  cou rse  of  a  USER  i n troduction  to  the  MEDICAL DEVICE  formal  train ing  shou ld  
occur?  

c)  How much  train ing  wi l l  be  provided  and  how many sessions  are  needed?  

d )  The  trai n i ng  med ia  (e . g .  documents,  s l i deshows,  vi deos)?  

e)  Who  wi l l  provide  the  train ing  (e . g .  MANUFACTURER-employed  nurse  educator,  salesperson)?  

f)  What  topics  trai n i ng  wi l l  cover to  ensure  that  al l  necessary HAZARD -RELATED  USE  

SCENARIOS  are  addressed?  

g )  What  competency checks  ( i f  any)  shou ld  be  performed  to  con fi rm  that  the  trainee  i s  
prepared  to  operate  the  MEDICAL DEVICE  safely  and  effecti vely?  

h )  How much  t ime  m igh t  pass  between  train ing  and  actual  MEDICAL DEVICE  u se  ( i . e .  the  
period  of  t ime  du ring  wh ich  the  learn ing  from  train i ng  cou ld  decay)?  
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i )  I s  there  a  need  for  recurren t  train ing  sessions?  

The  MANUFACTURER  shou ld  document  the  assumptions  and  i n ten tions  l i s ted  above  i n  a  train ing  
plan  that  can  serve  as  a  foundation  for  wri t i ng  USER INTERFACE  REQU IREMENTS  – parti cu larly  
re lated  to  i n i t i al  MEDICAL DEVICE  u se  and  analysis  of  HAZARD -RELATED  USE  SCENARIOS .  The  
trai n i ng  plan  can  subsequen tl y  serve  as  a  basis  for developing  the  actual  trai n i ng  cu rri cu lum.  
Al so,  the  plan  can  gu ide  decis ions  regard ing  what  kind  of  train ing  ( i f  any)  to  g i ve  USABILI TY 

TEST  participan ts.  

MANUFACTURERS  shou ld  ensu re  th rough  testi ng  that  the  trai n ing  materials,  i n  add i ti on  to  being  
effecti ve,  do  not  create  add i t ional  HAZARDS  or  HAZARDOUS  SITUATIONS  to  the  PATIENT  or  USER .  

1 5.6  Develop  detai led  designs 

The  next  s tep  i n  the  MEDICAL DEVICE  desi gn  PROCESS  i s  to  develop  detai led  and  i n tegrated  
software  and  hardware  USER INTERFACE  designs,  as  wel l  as  the  train ing  materials  and  trai n ing .  
These  i tems  can  be  s imple  or  complex.  These  designs  shou ld  evolve  from  prel im inary 
concepts  to  a  refined  design  by means  of  i terative  development  efforts  and  evaluation  efforts  
( i . e .  FORMATIVE  EVALUATIONS ) .  Annex J ,  C lause  1 3  and  Clause  1 6  provide  add i ti onal  detai l  for 
these  efforts.  [29]   

1 5.7 Veri fy the  design  of  the USER  INTERFACE  

Design verification requires the MANUFACTURER  to confirm that the MEDICAL DEVICE design 
conforms to each element of the previously established specifications.  Design verification is a 
requirement of the product realization PROCESS  requirements of a quality management 
system.  [9] Since the USER INTERFACE is part of the MEDICAL DEVICE,  these PROCESS 

requirements suggest that the MANUFACTURER  verifies the USER INTERFACE against the USER 
INTERFACE SPECIFICATION.  This verification is not part of the USABILITY ENGINEERING PROCESS  
requirements of IEC 62366-1:2015.  

Design verification of the USER INTERFACE involves confirming that USER INTERFACE 

REQUIREMENTS—for example,  overall MEDICAL DEVICE dimensions,  display parameters such as 
font size or luminance,  control parameters such a button resistance and computer-interface 
parameters such as response time—are met.  It is restricted to those verifiable parameters 
that do not require USABILITY TESTS  to determine that they are met,  which,  in practice,  means 
that they do not entail behavioural specifications,  such as the time required to learn a 
PROCEDURE.  

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

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

1 6  Perform  FORMATIVE EVALUATIONS  

1 6.1  Conduct  mu l tiple  FORMATIVE  EVALUATIONS  

A FORMATIVE  EVALUATION  seeks  to  evaluate  USER  I NTERFACE  des igns  during  thei r  development 
( i . e .  du ring  thei r  “ formation”)  rather  than  when  they are  considered  complete.  A FORMATIVE  

EVALUATION  can  be  a  s imple  acti vi ty,  noti ng  that  the  goal  i s  to  l earn  abou t  design  solu tions’  
s treng ths  and  opportun i ties  for  improvement.  FORMATIVE  EVALUATIONS  u sual l y  takes  the  form  
of  USABILITY TESTS  (see  1 6. 2.4) ,  cogn i t i ve  walkthroughs  (see  1 6. 2.3) ,  expert  reviews  (see  E.7) ,  
and  other evaluation  techn iques.  FORMATIVE  EVALUATION  can  support  MEDICAL DEVICE  concept  



I EC  TR  62366-2:201 6  © IEC  201 6  – 53  – 

development,  refi nement and  i n form  various  types  of  design  decis ions.  FORMATIVE  EVALUATION  

i s  most  beneficial  when  conducted  i terati vely  th roughou t  the  development  of  the  MEDICAL 

DEVICE .   

FORMATIVE  EVALUATIONS  are  completed  prior  to  the  SUMMATIVE  EVALUATION  and  shou ld  be  
i n i tiated  early  i n  the  MEDICAL DEVICE  research  and  development  cycle.  At  an  earl y stage  of  
USER  INTERFACE  des ign ,  FORMATIVE  EVALUATION  serves  to  i den ti fy  design  streng ths  and  
opportun i ties  for  improvement.  At  the  l atter  s tage  of  USER  I NTERFACE  design ,  FORMATIVE  

EVALUATION  enables  the  MANUFACTURER  to  determine  whether the  MEDICAL DEVICE  meets  
SAFETY,  USABILITY,  USER and business needs  and  u l t imately  supports  successfu l  SUMMATIVE  

EVALUATION  o f  the  MEDICAL DEVICE .   

I t  i s  expected  that  FORMATIVE  EVALUATIONS  occu r i terati vely so  that  the  MANUFACTURER  can  
i den ti fy  USER  i n teraction  problems  and  implement  effecti ve  so lu tions  prior  to  the  SUMMATIVE  

EVALUATION .  

FORMATIVE  EVALUATIONS  u sual l y  i nclude  TASKS  o r  HAZARD-RELATED  USE  SCENARIOS  i n  wh ich  USE  

ERRORS  cou ld  occur and  help  to  determ ine  i f  the  RISK CONTROLS  des igned  i n to  the  MEDICAL 

DEVICE  have  been  successfu l .  

FORMATIVE  EVALUATION  data  can  i nclude:  

a)  customer preference  survey responses;  

b)  focus  g roup  participants ’  i npu ts  ( i . e .  comments) ;  

c)  USABILITY TEST  parti cipan ts ’  comments,  made  wh i le  perform ing  hands-on  TASKS  as  wel l  as  
upon  reflection  on  thei r  TASK  performance  afterward ;  and  

d )  USABILITY TEST  participan ts ’  rati ngs  and  rankings  pertain ing  to  hands-on  TASKS ,  speci fi c  
MEDICAL DEVICE  characteri stics  and  the  MEDICAL DEVICE  i n  general .  

The  MANUFACTURER  i s  requ i red  by IEC  62366-1 :201 5  to  establ i sh  and  main tain  a  USER 

I NTERFACE  EVALUATION  p l an  to  gu ide  FORMATIVE  EVALUATIONS .  Resu l ts  shou ld  be  documented  
i n  a  test  report  supported  by raw and  processed  data sets  (e. g .  a  spread  sheet  con tain ing  
TASK  performance  data)  and ,  i f  col l ected ,  video  record ings  and  photographs  of  the  test  
sessions.  Design  shortcomings  i denti f i ed  during  testing  shou ld  be  formal l y  tracked  to  ensure  
they are  resolved  and  re-evaluated  as  needed .  

I t  i s  a  best  practi ce  for  MANUFACTURERS  to  conduct  enough  FORMATIVE  EVALUATIONS  pri or  to  a  
SUMMATIVE  EVALUATION  to  m in im ize  the  l i ke l i hood  of  d i scovering  new problems.  The  goal  i s  to  
conduct  FORMATIVE  EVALUATIONS  at  a  t ime  i n  the  development  PROCESS  when  they can  have  a  
g reater l evel  o f  i n fluence  on  the  USER INTERFACE  des ign .  Perform ing  on ly the  m in imum  
possible  amount  of  USABILI TY ENGINEERING  at  the  end  of  the  development  PROCESS ,  a time  
when  designs  are  re lati vely i n flexible  and  MANUFACTURERS  are  hesi tan t  to  change  a  USER  

INTERFACE ,  i ncreases  the  l i kel ihood  that  the  SUMMATIVE  EVALUATION  wi l l  d i scover that  the  use-
related  RISKS  have  not  been  adequately  con trol led .  

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

1 6.2  Recommended  methods  for FORMATIVE  EVALUATION  

1 6.2.1  General  

There  are  number of  methods  avai lable  to  conduct  FORMATIVE  EVALUATIONS .  The  most  
common ly  used  methods  are:  

a)  various  types  of  reviews,  such  as  

– expert  reviews  (E.7) ,  
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– standards  reviews  (E. 1 7) ,  and  

– heuri sti c  analyses  (1 6. 2. 2  and  E . 1 1 ) ;  

b)  cogn i ti ve  walkthroughs  (1 6.2.3  and  E . 4) ;  and  

c)  USABILITY TESTS  ( 1 6 .2 . 4) .  

1 6.2.2  Conduct  heuristic  analysis  

During  design  development,  the  MANUFACTURER i n term i tten tl y assess  ( i . e .  i nspect  or  aud i t)  the  
evolving  USER  I NTERFACE  desi gn  based  on  establ i shed  design  principles.  The  assessment  ( the  
aforementioned  USER INTERFACE  i nspections)  can  be  conducted  i n  e i ther a  s imple  or  e laborate  
manner,  and  be  based  on  establ i shed  USABILITY ENGINEERING  pri nciples  and  MEDICAL DEVICE -
speci fi c  USER  INTERFACE  REQU IREMENTS .  Such  assessments  are  an  effecti ve  way to  detect  
design  shortcomings  at  a  s tage  when  i t  i s  re lati vely  easy and  i nexpensive  to  f i x  them  as  
compared  to  f i xi ng  them  when  a  design  i s  presumably complete.   

1 6.2.3  Conduct  cogni tive  walkthrough  

A cogn i ti ve  walkth rough  can  be  the  f i rst  s tep  taken  to  obtain  USER  feedback on  a  MEDICAL 

DEVICE ’S  USER INTERFACE .  The  techn ique  cal l s  for  a  MANUFACTURER  to  present  i ts  early  design  
so lu tion  to  a  re lati vely smal l  number of  people,  one  at  a  t ime  i n  sessions  that  m igh t  be  brief  or 
extended ,  noti ng  that  an  hour- l ong  session  i s  not  uncommon  when  on ly  a  l ower-FIDELITY  USER 

INTERFACE  prototype  (e. g .  model )  i s  avai lable.  The  earl y  design  so lu tion  m igh t  take  the  form  of  
a  s toryboard  (e. g .  a  series  of  pri n ted  screens)  or  compu ter-based  SIMULATION ,  perhaps  
complemented  by a  physical  model .  The  techn ique  depends  on  research  participan ts,  
represen ting  USERS ,  th i nking  th rough  and  verbal i z ing  thei r  though ts,  reacti ons  and  imag ined  
actions  based  on  static  or  marg inal l y  i n teracti ve  represen tations  of  the  earl y  design  solu tion .  
I n  p lace  of  touch ing  a  physical  con trol ,  the  parti cipan t  wou ld  describe  the  con tro l  action  and  
the  test  moderator wou ld  describe  the  MEDICAL DEVICE ’S  response,  or perhaps  swap one  
d rawing  for  another one  that  depicts  the  MEDICAL DEVICE ’S  new state.  

1 6.2.4  Conduct  USABILITY TESTS  

USABILITY TESTS  i nvolve  observing  USERS  wh i le  they perform  TASKS  wi th  the  MEDICAL DEVICE .  

USABILITY TESTS  i nvo lve  recru i ti ng  USERS  o f  a  speci fi c  USER GROUP  and  asking  those  USERS  to  
complete  a  set  o f  TASKS .  The  test  moderator conducts  the  USABILITY TEST  vi a  a  test  script.  The  
session  can  be  recorded  th rough  aud io  and  video  to  enable  l ater  review to  con fi rm  or 
supplement  data co l lected  du ring  the  test  session .  

USABILITY TESTS  are  usual l y  conducted  wi th  represen tati ve  USERS  perform ing  speci fi c  TASKS  o f  
i n terest  or fo l lowing  TASK-based  USE  SCENARIOS  that  i nvolve  importan t  MEDICAL DEVICE  

functions.  USABILI TY TESTS  are  normal l y  conducted  i n  s imu lated-use  cond i ti ons  that  cou ld  
affect  the  USERS ’  i n teracti ons  wi th  the  MEDICAL DEVICE .  For  some  USABILITY TESTS ,  USERS  need  
to  have  speci fi c  domain ,  product  or  appl ication -speci fi c  knowledge  and  experience.  For  
example,  when  testi ng  a  d iabetes  management  software  app,  i t  can  be  i n formative  to  use  
participan ts  who  have  been  using  paper-based  RECORDS  to  manage  thei r  d iabetes  for  many 
years.  

Choosing  an  appropriate  sample  s ize  i s  a  key consideration  when  plann ing  FORMATIVE  
EVALUATIONS  and  SUMMATIVE  EVALUATIONS  ( i . e .  USABILITY TESTS ) .  USABILITY TESTS  for  
FORMATIVE  EVALUATIONS  can  be  benefi cial  us i ng  a  smal l  sample  (e . g .  5-8)  o f  test  parti cipan ts  
represen ting  the  en ti re  USER  popu lation .  Many USABILITY SPECIALISTS  recommend  smal l  
sample  s i zes  when  conducting  FORMATIVE  EVALUATIONS  because  i t  i s  usual l y  su ffi cien t  to  
uncover major USER INTERFACE  des ign  i ssues.  Sample  s ize  i s  more  thorough ly  d iscussed  i n  
Annex A of  AAMI  HE-75:2009  [4]  and  reference  [30] .  Standard  practice  and  supporti ng  
research  stud ies  suggest  that  after  f i ve  parti cipan ts  are  tested ,  the  l aw of  d im in ish ing  retu rns  
appl i es,  where  parti cipants  wi l l  i den ti fy  the  same  design  shortcomings  wi th  i ncreasing  l i tt l e  
add i ti onal  USABILI TY  i n formation  gained  from  each  add i ti onal  parti cipan t.  Annex K con tains  
add i ti onal  i n formation  regard ing  sample  s i ze.   
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A USABILITY TEST  can  be  conducted  on  one  or  more  prototypes  wi th  varying  degrees  of  
FIDELITY  such  as  paper sketches,  wi reframes,  hardware  or  software  mock-ups,  a  functional  
prototype  or a  completed  MEDICAL  DEVICE .  A MANUFACTURER  can  also  conduct  USABILITY TESTS  
on  s im i lar  MEDICAL  DEVICES  on  the  market  to  understand  thei r  streng ths  and  weaknesses.  
Add i tional  i n formation  on  USABILITY TESTS  o f  MEDICAL DEVICES  i s  provided  i n  reference  [31 ] .  

1 6.3  Analysis  of  FORMATIVE  EVALUATION  resu l ts  

Table  6  presen ts  example  USE  ERRORS  that  cou ld  ari se  from  USER  INTERFACE  desi gn  
shortcomings  and  suboptimal  characteristics  and  be  uncovered  during  FORMATIVE  EVALUATION .  
Certain  USE  ERRORS  that  m igh t  appear to  have  been  caused  by the  USER  can  u l t imately  be  
traced  to  a  design  shortcoming .  Good  designs  take  i n to  consideration  and  l im i t  the  poten tial  
effects  of  human  fal l i bi l i t i es,  i nclud ing  such  common  and  pred ictable  ones  as  forgetti ng  a  
procedural  detai l  or  overlooking  a  vi sual  i nd icati on .  

Table  6  – USE  ERRORS caused  by  sample  USER INTERFACE  design  shortcomings 

USE  ERROR  USER  INTERFACE  design  shortcomings  

USER  p resses  the  wrong  bu tton .  Push  bu ttons  on  a  con tro l  panel  are  too  cl osel y spaced .  

USER  m i s i n terprets  the  i con  and  se l ects  the  wrong  
functi on .  

Two  i cons  on  a  software  screen  l ook too  s im i l ar.  

USER  en ters  i ncorrect  sequence  and  fai l s  to  i n i t i ate  
therapy.  

A  USER  I NTERFACE  requ i res  a  complex,  l eng thy,  and  
arb i trary  sequence  o f  bu tton  pushes  to  i n i t i ate  a  
therapy.  

USER  repeated l y opens  the  door and  presses  the  
reset  key i ns tead  o f  c l eari ng  ai r  from  the  i n fus i on  l i ne .  

I n fus i on  pump  d i splays  m i s l ead i ng  “Open  Door-Reset”  
message  when  ai r  i s  i n  the  i n fus ion  l i ne .  

USERS  fai l  to  detect  a  dangerous  i ncrease  i n  heart  
rate  because  ALARM  LIM I T  i s  set  too  h i gh  and  USERS  
do  not  l ook at  MEDICAL DEVICE  d i splay because  they 
are  over- re l i an t  on  the  ALARM  SYSTEM .  

USER -ad j usted  h i g h  and  l ow ALARM  LIM I TS  on  a  heart-
rate  mon i tor  are  not  con ti nuous l y  d i spl ayed .  

USER  cracks  catheter  connector  du ri ng  catheter  
attachment.  

Typi cal  USER -appl i ed  fo rce  exceeds  breaki ng  s treng th  
o f  catheter  connector.  

USER  fo rgot  to  repl ace  a  cri t i cal  componen t  when  
reassembl i ng  a  MEDICAL  DEVICE  af ter  c l ean i ng  i t .  

The  MEDICAL DEVICE  cou l d  be  assembled  and  powered-
up  wi th  a  cri t i cal  componen t  m i ss i ng .   

USER  i g nored  a  warn i ng  l abel  te l l i ng  the  USER  to  
d i sconnect  the  PATIENT  tu be  before  tu rn i ng  the  
MEDICAL DEVICE  o ff .  

The  MEDICAL DEVICE  d i d  no t  requ i re  the  USER  to  con fi rm  
PATI ENT  d i sconnecti on  before  poweri ng -o ff.  

USER  d i s regarded  a  warn i ng  symbo l  and  al l owed  a  
portabl e  MEDICAL DEVICE  to  run  ou t  o f  battery  power.  

The  warn i ng  symbol  was  not  su ff i ci en t l y  atten ti on -
getti ng .  

USER  fo rgot  to  con fi rm  the  new parameter sett i ngs.  The  MEDICAL DEVICE  reset  the  parameters  to  the  
previ ous  sett i ngs  after  “ t im i ng -ou t”  wi thou t  not i fyi ng  the  
USER  that  the  new setti ngs  had  been  d i scarded  and  the  
previ ous  ones  were  i n  e ffect  or  aski ng  the  USER  to  
con fi rm  the  new sett i ngs .  

 

The  MANUFACTURER shou ld  con ti nue  to  i terate  the  design  and  perform  FORMATIVE  EVALUATION  
u n ti l  i t  i s  bel ieved  that  al l  u se-re lated  RISKS  have  been  adequately  con trol led ,  no  fu rther  
refi nement  i s  needed  and  the  MEDICAL DEVICE  i s  ready to  proceed  to  SUMMATIVE  EVALUATION .   

1 7 Perform  SUMMATIVE EVALUATION  

1 7.1  General  

The  pu rpose  of  a  SUMMATIVE  EVALUATION  i s  to  evaluate  the  USABILITY  o f  the  USER INTERFACE  as  
i t  relates  to  the  successfu l  completion  of  the  TASKS  associated  wi th  the  HAZARD-RELATED  USE  

SCENARIOS .  A SUMMATIVE  EVALUATION  has  no  testable  requ i rements  i n  the  sense  used  wi th  a  
l aboratory test.  I t  i s  an  evaluati on  of  data that  usual l y  i ncludes  USABILITY TEST  data.  The  
requ i rement i s  that  the  data from  the  SUMMATIVE  EVALUATION  a l l ows  the  MANUFACTURER  to  
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conclude  that  no  fu rther  improvement of  the  USER INTERFACE  i s  necessary or practicable.  
These  resu l ts  are  then  transferred  to  the  RISK MANAGEMENT PROCESS  to  determ ine  whether the  
RESIDUAL RISK  i s  acceptable.  

A SUMMATIVE  EVALUATION  u sual l y  fo l l ows  one  or more  FORMATIVE  EVALUATIONS .  A  successfu l  
SUMMATIVE  EVALUATION  demonstrates  that  a  MEDICAL  DEVICE  i s  not  vu lnerable  to  poten tial l y  
harmfu l  USE  ERRORS .  However,  a  SUMMATIVE  EVALUATION  m igh t  reveal  that  a  MEDICAL  DEVICE  
remains  vu lnerable  to  poten tial l y  harmfu l  USE  ERRORS ,  e i ther because  USABILITY TEST  
participan ts  commi tted  USE  ERRORS  on  HAZARD-RELATED  USE  SCENARIOS  o r  because  testi ng  
revealed  a  pattern  of  CLOSE  CALLS .  Such  USABILI TY TEST  resu l ts  i nd icate  the  need  for  fu rther 
USER  I NTERFACE  improvement  and  re- testing  un less  RESIDUAL RISKS  are  deemed  to  be  
acceptable  i n  re lation  to  the  benefi t  of  us ing  the  MEDICAL DEVICE .  

SUMMATIVE  EVALUATION  g eneral l y  i nvolves  perform ing  a  USABILITY TEST  u nder cond i tions  of  
s imu lated  use.  

EXAMPLE  1  A  USABI LI TY TEST  o f  a  MEDICAL DEVICE  u s i ng  a  man iki n  as  the  PATIENT .  

EXAMPLE  2  A  USABI LI TY TEST  on  an  i n ject i on  MEDICAL DEVICE  that  does  not  con tai n  a  need le  or  any d rug .  

For some  MEDICAL DEVICES ,  i t  can  be  d i ffi cu l t  to  conduct  a  USABILITY TEST  because  i t  i s  not  
practi cable  to  s imu late  the  use  and  i t  i s  uneth ical  to  conduct  a  USABILI TY TEST  i n  actual  use.  I n  
these  cases,  i t  can  be  j usti fiable  to  use  other evaluation  methods.   

EXAMPLE  3  Expert  and  h i gh l y  experi enced  card i ac  su rgeons  can  perform  an  expert  revi ew of  a  very  speci al i zed  
card iac  su rg i cal  i ns trumen t  where  an  empi ri cal  performance  based  SUMMATIVE  EVALUATION  by  USABI LI TY TEST  o f  
heart  su rgery success  cannot  be  practi cal l y  s imu lated .  

Addi tional l y,  expert  reviews  can  be  considered  when  the  scope  of  the  SUMMATIVE  EVALUATION  
i s  l im i ted  to  m inor changes  to  the  USER I NTERFACE  that  do  not  i nvolve  HAZARD-RELATED  USE  

SCENARIOS  associated  wi th  serious  HARM  o r  i n  the  case  where  the  MEDICAL DEVICE  has  no  
HAZARD-RELATED  USE  SCENARIOS .  

USABILITY TEST  participan ts  i nclude  appropriate ly  screened  represen tati ves  of  the  g i ven  
MEDICAL  DEVICE 'S  d i stinct  USER GROUPS  (e . g .  PATIENTS ,  nu rses,  and  techn icians  who  m igh t  al l  
u se  a  home  d ialys is  mach ine) .  A typical  USABILITY TEST  protocol  cal l s  for participan ts  to  
perform  hands-on  TASKS  associated  wi th  the  selected  HAZARD-RELATED  USE  SCENARIOS .  
Sati sfying  the  goal  o f  observing  USERS  i n teract  real i sti cal ly  wi th  a  MEDICAL  DEVICE ,  wi thou t  
actual l y  del iveri ng  med ical  care,  sometimes  requ i res  e laborate  USE  ENVIRONMENT  SIMULATION .  
Otherwise,  USABILI TY TESTS  can  take  place  i n  a  SIMULATION  l aboratory or even  a con ference  
room.  

USABILITY TEST  data  co l l ected  shou ld  i nclude:  

a)  TASK  completi on  (and ,  where  related  to  SAFETY,  t ime  to  complete) ;  

b)  descriptions  of  observed  USE  ERRORS ,  CLOSE  CALLS  and use difficulties;   

c)  parti cipan ts '  comments  (e. g .  anecdotal  remarks)  abou t  thei r  MEDICAL  DEVICE  i n teracti ons;  
and  

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

USABILITY TEST data also can include: 

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

1 7.2  Conduct  a  SUMMATIVE  EVALUATION  

A SUMMATIVE  EVALUATION  i s  a  formal  acti vi ty  that  fo l l ows  a  USER  INTERFACE  EVALUATION  p lan .  
The  testi ng  shou ld  fo l low the  plan  as  precisely as  possible.  Any deviations  from  the  plan  
shou ld  be  ci ted  i n  the  associated  test  report.  
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U l timately,  there  i s  one  SUMMATIVE  EVALUATION .  I f  new problems  are  found  or known  problems  
pers ist  i n  a  SUMMATIVE  EVALUATION ,  the  evaluati on  i s  redefi ned  to  be  one  more  i n  the  series  of  
FORMATIVE  EVALUATIONS .  I n  such  a  case,  the  MANUFACTURER  shou ld  make  the  necessary 
design  refi nements  and  then  conduct  a  SUMMATIVE  EVALUATION .  

USABILITY TESTS  for  SUMMATIVE  EVALUATIONS  are  qual i tati ve  i nvestigations  that  can  be  reported  
i n  the  form  of  objecti ve  data from  observations  of  USER  i n teracti ons  wi th  the  USER INTERFACE  
and  thei r  descriptions  of  thei r  experiences  afterward .  These  data can  be  supplemented  wi th  
stati stics,  bu t  on ly  s imple  descriptive  statistics  (e . g .  USE  ERROR  coun ts,  TASK times)  rather 
than  i n feren tial  s tati sti cs  ( i . e .  con fidence  l im i ts,  s tandard  error measurements,  stati sti cal  
s ign i fi cance,  Type  I  or  I I  error rates,  etc. ) .   

To  evaluate  the  USABILITY  o f  a  MEDICAL DEVICE  as  i t  re lates  to  SAFETY,  a  USABILITY TEST  i n  a  
SUMMATIVE  EVALUATION  shou ld  have  an  appropriate  probabi l i ty  of  observing  a  USE  ERROR 

caused  by a  design  defect.  The  number of  participan ts  used  i n  the  test  (sample  s ize)  affects  
the  probabi l i ty  of  observation .  For  example,  us ing  the  methodology of  Annex K,  assuming  for  
a  USER GROUP  that  a USE  ERROR  occurs  wi th  a  probabi l i ty  of  1 5  % for  a  s i ng le  test  participan t,  
th is  USE  ERROR  wou ld  be  observed  wi th  a  probabi l i ty  of  91  % when  the  sample  s ize  i s  1 5  test  
participants.  

To  determ ine  the  appropriate  sample  s ize,  the  MANUFACTURER  shou ld  consider the  poten tial  
consequences  of  USE  ERROR ,  the  complexi ty  of  the  design  and  degree  of  s im i lari ty  to  existi ng  
MEDICAL DEVICES  as  wel l  as  the  expected  heterogenei ty  of  each  USER  GROUP .  Confidence  i n  
the  test  f i nd ings  of  the  adequacy of  a  USER  I NTERFACE  i ncreases  when  the  sample  s i ze  i s  
i ncreased .  

The  primary reasons  for  i ncreasing  sample  s izes  wou ld  be  to :  

a)  reveal  expected ly  subtle  USER  INTERFACE  design  shortcomings;  

b)  i nvolve  people  wi th  a  wider range  of  secondary selection  characteristics;  and  

c)  d raw incremental l y  more  re l iable  conclusions  abou t  a  des ign 's  meri ts  when  one  expects  
TASK  performance  and USER  preference  to  vary widely.  

Test  resu l ts  shou ld  be  documented  i n  a  report,  wh ich  can  be  augmented  by raw and  
processed  data sets  (e . g .  a  spreadsheet  con tain ing  data)  and  video  record ings  and  
photographs  of  the  test  sessions,  presuming  that  the  MANUFACTURER obtains  perm ission  from  
the  test  participan ts  to  use  thei r  images.  

1 7.3  Data  col lection  

1 7.3.1  General  

USABILITY TEST  data  co l lection  to  support  evidence  that  the  “MEDICAL DEVICE ,  as  designed ,  can  
be  used  safely  and  effecti vely”  i ncludes  USABILITY TEST  participan t:  

a)  performance  data (observational ) ;  and  

b)  comments  (subjective) .  

Observational  and  subjective  data are  complementary i npu ts  to  assessing  adequacy,  
s treng ths,  weaknesses,  SAFETY  and  EFFECTIVENESS  o f  the  USER I NTERFACE .  USE  ERRORS  are  
i nvestigated  and  explained  such  that  subjecti ve  assessment  by USABILITY  TEST  parti cipan ts  i s  
used  to  help  i den ti fy  the  root  cause  of  each  observed  USE  ERROR .  Add i t ional  i n formation  i s  
found  i n  1 7. 3 . 3 .  

1 7.3.2  Observational  data  

During  a  USABILI TY TEST  for  SUMMATIVE  EVALUATION ,  the  test  participan ts  are  asked  to  perform  
the  USE  SCENARIOS  previously  selected  (see  Clause  1 2) .  
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Wh i le  they perform  each  USE  SCENARIO ,  the  study moderator shou ld  observe  the  test  
participan ts  and  record  thei r  performance  on  each  study TASK  and  sub-TASK  or  s tep  as  one  of  
the  fo l lowing :  CORRECT USE ,  USE  ERROR ,  CLOSE  CALL  or use difficulty.  I t  i s  importan t  to  co l l ect  
the  observational  data at  a  su ffi cien t  l evel  of  i n teraction  detai l  to  enable  i den ti fi cation  of  the  
source  of  any use  problems  that  occu r.  

Du ri ng  the  SUMMATIVE  EVALUATION  session ,  i t  i s  importan t  that  the  moderator not  i n fluence  the  
parti cipan ts ’  behaviour.  The  purpose  of  SUMMATIVE  EVALUATION  i s  to  approximate  real i sti c  use  
s i tuations  so  as  to  l earn  how USERS  are  l i ke ly  to  i n teract  wi th  the  MEDICAL DEVICE  i n  actual  use.  
The  moderator  shou ld  be  neu tral  to  the  ou tcome of  the  test  and  seek to  ascertain  the  tru th .  
For  example,  the  moderator shou ld  not  ask the  participant  to  “ th ink aloud”  because  th i s  
i n terferes  wi th  real i stic  use;  however,  the  moderator shou ld  record  any comments  the  
parti cipan t  makes  spon taneously,  i f  any.  

Sometimes  i t  i s  d i ffi cu l t  to  avoid  the  occurrence  of  test  participan t  behaviour that  i s  caused  by 
the  arti fi cial  nature  of  s imu lated  use.  For example,  test  participan ts  sometimes  fai l  to  check 
the  expi ration  date  of  a  med ication  because  they do  not  expect  i t  to  have  expi red  or because  
i t  does  not  matter  s ince  the  med ication  i s  not  actual l y  del i vered  to  a  PATIENT .  The  
MANUFACTURER  shou ld  seek to  m in im ize  the  occu rrence  of  such  even ts  (sometimes  cal led  
“ test  artefacts”)  bu t  i f  the  even ts  are  unavoidable,  these  aspects  of  the  USER I NTERFACE  can  be  
assessed  th rough  KNOWLEDGE  TASK STUDIES  (see  1 7. 3 . 3 .6) .  

Not  al l  observational  data i s  necessari l y  objecti ve.  Some  assessments  of  USER  behaviou r are  
a  subjecti ve  i n terpretation  of  an  observation  based  on  professional  experti se  and  experience  
of  the  USABILITY SPECIALIST.  

1 7.3.3  Subjective  data 

1 7.3.3. 1  General  

Subjective  data shou ld  be  co l lected  th rough  debriefi ng  i n terviews  wi th  the  test  parti cipants  
fo l lowing  a  USABILITY TEST  performed  for  SUMMATIVE  EVALUATION .  S imply  coun ting  the  USE  

ERRORS  does  not  support  understand ing  of  the  root  cause  of  a  USE  ERROR ,  wh ich  can  be  on ly  
understood  wi th  clari f i cation  deri ved  from  the  perspecti ve  of  the  test  parti cipan ts  i nvolved  wi th  
the  USE  ERROR .  

Post  USABILITY TEST  i n terview data can  be  used  to  establ i sh  the  root  causes  where  USERS  
were  observed  to  commi t  a  USE  ERROR ,  experience  CLOSE  CALLS  or  have use difficulties  
completi ng  importan t  USER TASKS .  Post  USABILI TY TEST  i n terview data i s  o ften  the  best  or  on ly  
avai lable  data for  assessing  USE  ERRORS ,  CLOSE  CALLS  or use difficulties  that  occurred  bu t  
were  not  observed  du ri ng  testi ng .  The  purpose  of  the  i n terview i s  to  i den ti fy  unobserved  use  
problems  and  also  any errors  i n  perception  or cogn i t ion  that  the  test  parti cipan ts  m igh t  have  
made  because  such  errors  are  not  observable.  Obtain ing  the  USER ’S  perspective  i n  an  
i n terview provides  i n formation  to  help  determ ine  whether the  observed  USE  ERROR ,  CLOSE  CALL 

or use difficulty m igh t  have  been  caused  by an  error  of  perception  or cogn i ti on .  I t  i s  al so  
essen tial  for determ in ing  whether previously  unknown  use-related  HAZARDS  exi st  i n  the  design  
of  the  USER  INTERFACE .  

Post  USABILITY TEST  i n terview data col l ecti on  shou ld  be  “acti ve”  rather than  “passive”  such  that  
test  parti cipants  are  asked  questions  d i rectl y  by test  moderators  rather than  being  s imply 
al lowed  to  comment  vo lun tari l y,  g i ven  rating  scale  i nstruments  or  i nvi ted  to  respond  to  
e lectron ic  questi onnai res  or  su rveys.  Care  needs  to  be  taken  to  ask the  questi ons  i n  an  
unbiased  way so  as  to  not  l ead  the  participan ts.   

1 7.3.3.2  Impression  of  the  overal l  use of  the  MEDICAL DEVICE  

Test  participan ts  shou ld  be  asked  and  al l owed  to  respond.  Th is  data i s  valuable  because  
USERS  can  be  aware  of  speci fi c  concerns  as  wel l  as  posi t i ve  impressions  regard ing  thei r  use  
of  the  MEDICAL DEVICE  that  are  valuable  for  evaluating  the  SAFETY  and  EFFECTIVENESS  o f  use  
as  wel l  as  ease  of  use  and  USER  sati sfaction .  
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1 7.3.3.3  Instances  of  confusion  or  d i fficu l ty 

Test  parti cipants  shou ld  be  asked  and  al l owed  to  respond .  Th is  data i s  valuable  because  
USERS  can  be  aware  of  speci fi c  concerns  as  wel l  as  posi t i ve  impressions  regard ing  thei r  use  
of  the  MEDICAL DEVICE  that  are  valuable  for  evaluating  the  SAFETY  and  EFFECTIVENESS  o f  use  
as  wel l  as  ease  of  use  and  USER  sati sfaction .  

1 7.3.3.4  USE  ERRORS  and  CLOSE  CALLS  observed  during  simulated  use  testing  

USE  ERRORS ,  wh ich  occur du ring  s imu lated  use  USABILITY TESTS ,  shou ld  be  fo l l owed  up  by 
co l lecting  subjecti ve  data to  enable  clari fi cation  and  root  cause  analysis  of  the  USE  ERROR  that  
i ncludes  essen tial  experience  and  i ns igh t  from  test  participants.  Likewise,  USE  ERRORS  shou ld  
be  s im i larl y  fo l l owed  up  as  wel l  as  to  determ ine  i f  previously  unknown  use-related  HAZARDS  
exi st  i n  the  design  of  the  USER INTERFACE .  

1 7.3.3.5  CLOSE CALLS  (not  observed)  

Test  parti cipants  shou ld  be  asked  whether they experienced  CLOSE  CALLS  s i nce  the  CLOSE  

CALL  can  be  “cogn i ti ve”  and  m igh t  not  have  been  observable.  I f  test  parti cipan ts  report  such  
CLOSE  CALLS ,  the  i n terview shou ld  proceed  to  1 7. 3 . 3 .4.  

1 7.3.3.6  KNOWLEDGE TASK STUDY  data  

Some HAZARD -RELATED  USE  SCENARIOS  cannot  be  evaluated  by on ly  us ing  observation  i f  TASKS  
i nvo lve  importan t  knowledge  USERS  need  to  operate  the  MEDICAL DEVICE  SAFELY  and  effectively.  
KNOWLEDGE  TASK STUDIES  assess  the  con ten t  of  the  ACCOMPANYING  DOCUMENTATION  as  i t  wou ld  
be  typical l y  used  by USERS  du ring  actual  use  and  the  knowledge  that  i s  necessary for  USERS  
to  enable  safe  and  effecti ve  use  of  the  MEDICAL DEVICE .  

1 7.4  Data  analysis  

I t  i s  common  for  SUMMATIVE  EVALUATIONS  to  resu l t  i n  the  occu rrence  of  some  USE  ERRORS ,  
CLOSE  CALLS  and use difficulties  suggesting  that  no  MEDICAL DEVICE  or  i ts  USERS  are  perfect.  
USE  ERRORS ,  CLOSE  CALLS  and use difficulties  can  reflect  USER INTERFACE  des ign  shortcomings  
( i . e .  f l aws) .  Sometimes,  they reflect  shortcomings  i n  the  test  parti cipan ts’  behaviour,  such  as  
conscious  d isregard  for  the  i nstructions  for use,  wh ich  are  not  necessari ly  re lated  to  the  USER 

I NTERFACE  des ign  or  wi th i n  the  MEDICAL  DEVICE  MANUFACTURER 'S  con tro l .  

Al though  human  beings  are  imperfect,  i t  i s  i nappropriate  to  b lame  the  USER  when  problems  
occur du ring  SUMMATIVE  EVALUATION .  The  key i n  any analysis  of  USE  ERRORS ,  CLOSE  CALLS  or 
use difficulties  i s  to  i n tensely  search  for a  design-based  root  cause  before  attribu ting  the  USE  

ERROR  to  the  USER .  

USABILITY TESTS  are  mostly  qual i tati ve  rather  than  a  statistical l y  based  acti vi ty.  Any and  al l  
USABILITY  problems  uncovered ,  particu larl y  those  found  i n  a  SUMMATIVE  EVALUATION ,  shou ld  be  
thorough ly  analysed  to  determ ine  root  causes,  and  thei r  impact  on  HAZARD -RELATED  USE  

SCENARIOS  shou ld  be  carefu l l y  considered .  Regard less  of  the  root  cause(s) ,  the  
MANUFACTURER  shou ld  conduct  a  fo l l ow-up  RISK ANALYSIS  o f  al l  USE  ERRORS ,  CLOSE  CALLS  and 
use difficulties  that  ari se  du ring  a  SUMMATIVE  EVALUATION .  Root  cause  analysis  of  MEDICAL 

DEVICE  USE  ERRORS  i s  d i scussed  i n  detai l  i n  reference  [32] .  

The  MANUFACTURER  shou ld  l ook for  any new USE  ERRORS  o r  i n teracti on  d i ff i cu l ti es  that  wou ld  
suggest  the  need  for  a  design  change.  I f  new HAZARDS ,  HAZARDOUS S ITUATIONS  or  HAZARD-
RELATED  USE  SCENARIOS  are  d iscovered  or improvement  i s  necessary and  practicable,  then  
I EC  62366-1 :201 5  i nstructs  the  MANUFACTURER  to  perform  add i tional  USABILITY ENGINEERING  
e ffort.  

Al ternatively,  th i s  analysi s  m igh t  determ ine  that  no  improvement  i s  necessary and  practicable  
for  the  tested  MEDICAL DEVICE .  I EC  62366-1 :201 5  then  i nstructs  the  MANUFACTURER  to  perform  
a RESIDUAL RISK EVALUATION  accord ing  to  ISO 1 4971 :2007.  
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Mod i fi cations  of  the  USER  INTERFACE  implemented  after a  SUMMATIVE  EVALUATION  requ i re  
fo l low-up USABILI TY EVALUATION .  I f  the  change  i s  m inor,  a  desktop  analysis  m igh t  be  a  
su ffi cien t  means  of  con fi rmation ,  bu t  on ly  i f  the  mod i fi cation  does  not  i ncrease  the  use-related  
RISK  and does not create the potential for new use difficulties.  

EXAMPLE  1  Revi s i ng  an  on -screen  prompt's  word i ng .  

EXAMPLE  2  Graph i cal l y  enhanci ng  a  warn i ng  by  capi tal i z i n g  the  s i gnal  word  "WARNING" .  

EXAMPLE  3  Change  i n  l ogo  or  brand i ng .  

However,  even  such  m inor mod i fi cations  m igh t  warran t  fo l l ow-up  USABILITY TESTS ,  parti cu larl y  
to  con fi rm  that  a  previously  detected  USER  i n teracti on  problem  has  been  resolved .  For 
example,  i f  an  i n i t i al  USABILITY TEST  showed  that  USERS  m isread  a  bu tton  label ,  the  
MANUFACTURER  wou ld  probably  need  to  conduct  a  fo l low-up test  to  demonstrate  that  they 
cou ld  re l iably  read  the  new bu tton  l abels.  

More  often ,  and  parti cu larly  regard ing  major design  mod i fi cations,  the  best  way to  con fi rm  that  
use-related  RISKS  have  been  adequately contro l led  i s  to  conduct  a  fo l l ow-up  SUMMATIVE  

EVALUATION .  R I SK CONTROLS  wi th  far-reach ing  effects  on  USER  i n teractions  m igh t  warran t  
conducting  a  complete  SUMMATIVE  EVALUATION ,  essential l y  repeating  the  previous  SUMMATIVE  

EVALUATION  that  i s  redefi ned  as  a  FORMATIVE  EVALUATION .  For smal l  mod i fi cations  wi th  l im i ted  
effects  on  USER  i n teraction ,  a  smal ler  scale,  supplemental  USABILITY TEST  i nvo lvi ng  fewer test  
participan ts  and  perhaps  fewer TASKS  than  the  i n i ti al  SUMMATIVE  EVALUATION  can  be  su ffi ci en t.  

I n  unusual  cases,  the  MANUFACTURER  migh t  need  to  study the  MEDICAL DEVICE  i n  actual  use.  
Such  stud ies  are  l i ke ly to  i nvolve  unobtrusive  observation  of  USER-MEDICAL DEVICE  i n teractions,  
and  possibly  fo l l ow-up i n terviews  wi th  the  MEDICAL DEVICE  USERS ,  over a  l onger period  of  
MEDICAL DEVICE  u se  than  i s  common  i n  s imu lated-use  testi ng .  Annex F  con tains  add i t ional  
i n formation .  

Sample  USE  ERRORS  and  possible  root  causes  for  those  USE  ERRORS  are  l i s ted  i n  Table  7.  
Wh i le  i n  th i s  example  the  USE  ERRORS  are  described  briefl y  and  i n  a  generic  manner,  actual  
USE  ERROR  descripti ons  shou ld  be  described  i n  as  much  detai l  as  possible.  

Table  7  – Sample  USE  ERRORS  and  their  root  causes 

Sample  USE  ERROR  Sample  root  cause  for  the  USE  ERROR  

1  parti ci pan t  ( 1  n u rse)  d i d  not  properl y  secu re  the  
syri nge  i n  i ts  ho l der 

The  syri nge  cl amp  requ i red  re lat i ve l y  h i gh  fo rce  to  
secu re  the  syri nge.  The  n u rse  tri ed  to  engage  the  
c l amp,  bu t  was  no t  ab le  to  appl y enough  force.   

3  parti ci pan ts  (1  n u rse,  2  PATIENTS )  s topped  the  
treatmen t  rather than  paus i ng  the  treatment  

Al l  th ree  USERS  d rew upon  pri or  experi ence  u s i ng  a  
s im i l ar  MEDICAL DEVICE  to  operate  the  new MEDICAL  

DEVICE ,  bu t  the  new MEDICAL  DEVICE  d i d  not  work the  
same  way ( i . e .  there  was  negat i ve  transfer) .  

1  parti ci pan t  ( 1  techn i ci an )  prog rammed  ten  t imes  the  
i n tended  dose  because  he  d i d  not  add  a  decimal  po i n t  
when  en teri ng  the  prescri bed  f l ow rate  

Smal l  text  on  the  d i spl ay was  i l l eg i b le  to  the  USER 
who  had  m i nor  vi s i on  impai rmen t  (m i l d  cataract) .  H e  
d i dn ’ t  real i ze  the  decimal  po i n t  was  m i ss i ng .  

1  parti ci pan t  ( 1  PATIENT )  d i d  no t  detect  ( i . e .  not i ce)  
that  the  MEDICAL DEVICE  s topped  even  though  the  
MEDICAL DEVICE  repeated l y  presen ted  a  h i gh - frequency 
ALARM  S IGNAL  

ALARM  S IGNAL  frequency too  h i gh  to  be  heard  by  
i nd i vi dual  wi th  h i gh  frequency heari ng  l oss  
(presbycusi s ) .  

2  parti ci pan ts  (1  phys i ci an ,  1  n u rse)  d i d  no t  connect  
the  l i ne  to  the  port  

USABI LI TY TEST  artefact:  The  test  parti ci pan t  
m i sunderstood  the  TASK  posed  by  the  test  moderator.  

NOTE   USABI LI TY TEST  artefacts  are  act i ons  i nduced  by  an  
art i f i c i al i ty  that  wou l d  not  be  presen t  i n  an  actual  USE  

SCENARIO .  
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1 8 Document  the  USABILITY ENGINEERING  project  

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

a)  an executive summary; 

b)  a summary of the USE SPECIFICATION; 

c)  a description of the USER INTERFACE; 

d)  a summary of known use problems; 

e)  a description of the HAZARD-RELATED USE SCENARIOS  evaluated and why they were chosen; 

f)  a summary of FORMATIVE EVALUATIONS; 

g )  a summary of the SUMMATIVE EVALUATION; and 

h )  a conclusion.  

Annex D provides additional information regarding USABILITY ENGINEERING  project end 
products.  

1 9  POST-PRODUCTION  review and  analysis  

According to ISO 14971,  POST-PRODUCTION surveillance is required by the RISK MANAGEMENT 
PROCESS.  This includes evaluating data related to USE ERROR  in order to identify strengths and 
shortcomings of the USER INTERFACE.  However,  the PROCESS  of POST-PRODUCTION surveillance 
is not included in IEC 62366-1.  The design and development PROCESS  in IEC 62366-1  for the 
design and development of a MEDICAL DEVICE ends prior to the POST-PRODUCTION stage.  

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

In general,  USE ERRORS  in the field are underreported.  This can in part be attributed to the 
workload involved for RESPONSIBLE ORGANIZATIONS  to file reports and the effort needed by a 
lay USER  to file a complaint.  MANUFACTURERS  should include in the instructions for use contact 
information for USERS  to report ADVERSE EVENTS  and complaints.  

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

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

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

a)  What happened (i.e.  what was the unexpected or unwanted result)? 

b)  Was there PATIENT or USER  HARM? 
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c)  Who was the USER  (i.e.  which USER PROFILE)? 

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

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

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

g )  What other contributing elements,  such as other MEDICAL DEVICES  if any were being used 
at the time of the event?  

Some of this information is sometimes missing in actual filed complaints.  When this happens,  
those initiating a complaint should be asked to provide this information.  

The complaint categories relating to MEDICAL DEVICE failure generally relate to physical 
MEDICAL DEVICE components.  USE ERROR  complaint categories generally relate to the TASK flow 
when utilizing the MEDICAL DEVICE.  As a result,  the MANUFACTURER  might need to translate 
from the failure identified in a complaint to a related USE ERROR.  

The MANUFACTURER  should anticipate customer complaints and map them to previously 
identified USE ERRORS.  This mapping should be done by taking the USE ERRORS  and creating a 
relationship in the complaint system to the complaint category items.  This mapping allows 
trending of complaints against known USE ERRORS.  

The mapping can create at least two types of relationships: 

– a complaint code connected to one USE ERROR; 

– a complaint code connected to several USE ERRORS.  It can be possible to estimate a 
distribution of the USE ERRORS,  or at least identify one or two as the most likely USE 
ERRORS,  based on knowledge from e.g.  previous or existent products on the market.  

Some complaints can lack sufficient clarity to identify the related USE ERROR.  

Once the MANUFACTURER has obtained information about complaints as well as CLOSE CALLS  or 
customer dissatisfaction it should be transferred to those responsible for analysing USE ERROR.  
The MANUFACTURER  should attempt to establish the root cause of the USE ERROR.  Information 
from complaints sometimes does not have sufficient detail,  in which case RISK ANALYSIS  and 
other tools such as TASK ANALYSIS  can help.  However even without a clear root cause,  it is 
useful to monitor USE ERROR  trends.  

The MANUFACTURER  should then decide whether to initiate actions,  based on the result of this  
assessment including any root cause analysis.  Often it is not possible to base the decision 
directly on the reported frequency of occurrence of USE ERROR and the POST-PRODUCTION 
surveillance data do not allow more than trending of reported numbers.  In addition,  POST-
PRODUCTION surveillance data can be misleading because events often go unreported.  For 
some MEDICAL  DEVICES,  it can be possible to estimate an under-reporting factor,  which can 
permit an estimated frequency of USE ERROR to be determined.   

Criteria for initiating action should in any case include whether: 

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

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

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

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

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

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

 
Recommended  reading  l ist  

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

I EC  TR  61 258:2008,  Guidelines for the development and use of medical electrical equipment 
educational materials  

I SO IEC  Gu ide  63:201 2,  Guide to the development and inclusion of safety aspects in 
International Standards for medical devices  

I SO 701 0,  Graphical symbols – Safety colours and safety signs – Safety signs used in 
workplaces and public areas  

I SO 9000,  Quality management systems – Fundamentals and vocabulary 

I SO 9001 ,  Quality management systems – Requirements  

I SO 9241 -1 1 : 1 998,  Ergonomic requirements for office work with visual display terminals 
(VDTs) – Part 11: Guidance on usability 

I SO 1 61 42-1 :201 6,  Medical devices – Recognized essential principles of safety and 
performance of medical devices – Part 1: General essential principles and additional specific 
essential principles for all non-IVD medical devices and guidance on the selection of 
standards  

EN  1 041 :2008,  Information supplied by the manufacturer of medical devices  
EN  1 041 :2008/Amd1 :201 3  

BEYER ,  H . ,  HOLTZBLATT ,  K. ,  (1 998)  Contextual Design: defining customer-centred systems.  
Morgan  Kaufmann  Publ i shers  I nc,  San  Francisco  CA.  

BROWN ,  D.  (1 996)  The challenges of user-based design in a medical device market.  I n  D .  
Wixon  and  Ramey (Eds. ) ,  Fie ld  Methods  Casebook for  Software  Design .  New York:  Wi ley,  
pp.  1 57-1 76.  

DUMAS ,  J .  and  REDISH ,  J . ,  ( 1 999)  A Practical Guide to Usability Testing  (Revised  Ed i t ion ) ,  
Exeter,  UK,  I n tel lect.  

FLEISHMAN ,  E.  A. ,  and  QUAINTANCE ,  M.  K.  (1 984)  Taxonomies of human performance: The 
description of human tasks.  Orlando:  Academic  Press.    

HACKOS ,  J .  and  REDISH ,  J .C.  (1 998)  User and Task Analysis for Interface Design.  605  Th i rd  
Avenue,  New York,  NY 1 01 58-001 2:  John  Wi ley &  Sons.  

KLE IN ,  G.  A. ,  ORASANU ,  J . ,  CALDERWOOD ,  R. ,  and  ZSAMBOK,  C.  E.  (1 993)  Decision Making in 
Action:   Models and Methods.  Norwood ,  NJ :  Ablex  Publ i sh ing  Corp.  

MEISTER ,  D.  (1 985)  Behavioral Analysis and Measurement Methods.  New York:  John  Wi ley & 
Sons.  

N I ELSEN  J ,  (1 993)  Usability Engineering.  San  D iego:  Academic  Press,  I nc.  
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NORMAN ,  D.  (1 990)  The Design of Everyday Things.  New York,  NY:  Doubleday.  

NORMAN ,  D.A.  (201 0)  Living with complexity.  Cambridge:  The  M IT Press.  

REASON ,  J .  (1 990)  Human Error.  Cambridge,  England:  Cambridge  Un ivers i ty  Press.  

REDMILL ,  F.  and  RAJAN ,  J .  (1 997)  Human Factors in Safety-Critical Systems.  Oxford :  
Bu tterworth -Heinemann .   

ROUSE ,  W.  B.  (1 990)  Designing for human error: Concepts for error tolerant systems.  I n  H .  R.  
Booher (Ed . ) ,  MANPRINT: An approach to system integration.  New York:  Van  Nostrand  
Reinhold .  

RUBIN ,  J . ,  (1 994)  Handbook of Usability Testing: How to Plan,  Design,  and Conduct Effective 
Tests,  New York,  NY,  Wi ley.  

SALVENDY,  G.  (Ed i tor) .  ( 1 997)  Handbook of Human Factors and Ergonomics.  New York:  John  
Wi ley &  Sons.  

SANDERS ,  M. ,  and  MCCORMICK E. ,  (1 993)  Human Factors in Engineering and Design.  New York:  
McGraw H i l l .  

SCHULER ,  D.  and  NAMIOKA ,  A.  (1 993)  Participatory Design: Principles and Practices.  H i l l sdale,  
NJ :  Lawrence  Erlbaum  Associates.  

SHNEIDERMAN ,  B. ,  PLAISANT,  C. ,  COHEN ,  M.  and  JACOBS ,  S.  (201 0) .  Designing the User 
Interface: Strategies for Effective Human-Computer Interaction.  (5th  ed . ) .  Men lo  Park,  CA:  
Add ison  Wesley.  

WEINSTOCK,  C.  B.  and  GOODENOUGH ,  J .  B.  (2009) .  Towards an Assurance Case Practice for 
Medical Devices.  P i ttsburgh :  Carneg ie  Mel lon .  

ZHANG ,  J . ,  PATEL ,  V.  L. ,  JOHNSON ,  T.  R. ,  CHUNG ,  P. ,  and  TURLEY,  J .  P.  (2005)  Evaluating and 
predicting patient safety for medical devices with integral information technology.  I n  Advances  
i n  Patien t  Safety  (vo l .  2) ,  Wash ing ton ,  DC:  AHRQ.  p.  323.  
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Annex B  
( in formative)  

 
External  resources to  identi fy known  problems 

B.1  General  

A sample  of  external  resources  provid ing  access  to  reports  of  MEDICAL DEVICE  USER INTERFACE  
problems  lead ing  to  HARM  are  l i s ted  below.  The  sample  resources  are  l i s ted  by reg ion ,  bu t  a  
thorough  assessment  of  known  problems  shou ld  have  a g lobal  reach .  Th is  l i st  i s  not  
exhausti ve.  A MANUFACTURER  i s  not  expected  to  review every possible  database  or  
i n formation  source.  A MANUFACTURER  shou ld  con tact  the  au thori ty  having  j u ri sd iction  i n  the  
markets  i n  wh ich  they i n tend  to  d istribu te  thei r  MEDICAL DEVICE  for  gu idance  on  re levant  
i n formation  sources.  

NOTE  1  Depend i ng  on  the  type  o f  MEDICAL  DEVICE ,  there  can  be  many more  resou rces  u pon  wh i ch  to  d raw 
i ns i gh ts  abou t  po ten ti al  u se- re l ated  probl ems.  

NOTE  2  I n  some  cases,  u se-re lated  problem  reports  do  not  expl i ci t l y  c i te  o r  descri be  USER  I NTERFACE  p robl ems.  
Rather,  they descri be  an  even t  wi thou t  provi d i ng  substan ti al  detai l s  that  wou l d  suggest  there  i s  a  USER  I NTERFACE  
des i gn  i ssue.  Moreover,  search i ng  databases  us i ng  terms  such  as  human  factors  or  USABILI TY ENG INEERING  can  not  
resu l t  i n  f i nd i ngs .  Consequen t l y,  anal ysts  can  need  to  conduct  a  broader search  for  probl ems  and  anal yse  each  
case  to  determ ine  i f  they suggest  a  pert i nen t  probl em  to  be  avoi ded .  

B.2  Austria  

CIRS  des  Österreich ischen  Roten  Kreuzes  (Rettungs-  und  Kranken transportd ienst)  

B.3  Germany 

PaSIS  (Patien tensicherhei ts-  und  I n formationssystem)  Fachüberg rei fendes  I nciden t  
Management  System  

CIRSmed ical  Deu tsch land  (Ärztl i ches  Zen trum  fü r Qual i tät  i n  der Med iz i n  ÄZQ)  

Krankenhaus-CIRS-Netz  Deu tsch land  (ÄZQ,  Aktionsbündn is  Patien tensicherhei t,  Deu tsche  
Krankenhaus  Gesel l schaft,  Deu tscher Pflegerat)  

CIRSmedical  WL (Ärztekammer Westfalen-Lippe,  ÄZQ)  

CIRS-AINS – CIRSmedical  Anästhesiolog ie  (Beru fsverband  Deu tscher Anästhesisten ,  
Deu tsche  Gesel lschaft  fü r Anästhesio log ie  und  I n tensivmed iz in ,  ÄZQ)  

Netzwerk CIRS-Berl i n  (Ärztekammer Berl i n ,  ÄZQ)  

CIRS zu r präkl in ischen  Notfal lmed iz in  

CIRS-Päd iatrie  (Beru fsverband  der Kinder-  und  Jugendärzte(BVKJ) ,  ÄZQ)  

Feh ler-Berich ts-  und  Lernsystem  fü r  Hausarztpraxen  ( I nsti tu t  fü r Al l gemeinmediz in ,  
Frankfu rt/M ,  Techn iker Kasse)  

Feh lerberich tssystem  des  KDA fü r  d ie  Al tenpflege  

CIRS  der gesetz l i che  Unfal l vers icherung  im  Feuerwehrd ienst  

http://www.roteskreuz.at/site/cirs/
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CIRS  Rettung  (bundeswei tes  CIRS  Netzwerk Rettungs-  und  Notarztd ienst)  

BfArM 's  Fie ld  Correcti ve  Actions  database,  avai lable  at  
h ttp: //www.bfarm.de/Si teG lobals/Forms/Suche/EN/kunden in fo_Fi l tersuche_Formu lar_en .h tm l?
nn=3497560  

B.4 Sweden  

Reidar i nciden ts  and  acciden ts  database,  avai lable  at  h ttp: //www. reidar. se  

B.5  Swi tzerland  

CURRENT – Cri t i cal  I nciden t  Reporting  & Reacting  NETwork (CH)  

B.6 Uni ted  Kingdom 

NHS's  Serious  I ncident  Reporting  and  Learn ing  Framework (SIRL)  database,  avai lable  at  
h ttp: //www.nrls . npsa.nhs. uk/report-a-patien t-safety- inciden t/ 

B.7 Uni ted  States 

FDA's  Manufacturer  and  User Faci l i ty  Device  Experience  (MAUDE)  database,  avai lable  at  
h ttp: //www.accessdata. fda. gov/scripts/cdrh /cfdocs/cfmaude/search . cfm .  

FDA's  Med ical  Device  Reporti ng  (MDR)  Program  Search ,  avai lable  at  
h ttp: //www.accessdata. fda. gov/scripts/cdrh /cfdocs/cfMDR/Search .cfm .  

FDA's  Adverse  Even t  Reporting  Data Fi les,  avai lable  at  
h ttp: //www. fda.gov/MedicalDevices/Safety/ReportaProblem/ucm1 24064.h tm .  

FDA's  MedSun :  Med ical  Product  Safety Network,  avai lable  at  
h ttp: //www. fda.gov/MedicalDevices/Safety/MedSunMedicalProductSafetyNetwork/defau l t. h tm .  

CDRH  Med ical  Device  Recal ls ,  avai lable  at  
http: //www.accessda ta . fda . gov/scripts/cd rh/cfdocs/cfRES/res. cfm .  

CDRH  Alerts  and  Notices  (Med ical  Devices) ,  avai lable  at  
h ttp: //www. fda. gov/MedicalDevices/Safety/AlertsandNotices/defau l t. h tm .  

CDRH  Publ i c  Heal th  Noti fi cations,  avai lable  at  
h ttp: //www. fda. gov/MedicalDevices/Safety/AlertsandNotices/Publ i cHeal thNoti fi cations/defau l t.
h tm .  

CDRH  Safety Commun ications,  avai lable  at:  
h ttp: //www. fda. gov/MedicalDevices/Safety/AlertsandNotices/defau l t. h tm .  

ECRI 's  Med ical  Device  Safety  Reports,  avai lable  at  h ttp: //www.mdsr.ecri . org /.  

The  I nsti tu te  of  Safe  Med ical  Practices  ( ISMP's)  Med ication  Safety  Alert  Newsletters,  
avai lable  at  h ttp: //www. ismp.org /Newsletters/defau l t. asp.  

The  Join t  Commission 's  Senti nel  Even ts,  avai lable  at  
h ttp: //www. jo in tcommission .org /sen tinel_even t. aspx.  

http://www.bfarm.de/SiteGlobals/Forms/Suche/EN/kundeninfo_Filtersuche_Formular_en.html?nn=3497560
http://www.bfarm.de/SiteGlobals/Forms/Suche/EN/kundeninfo_Filtersuche_Formular_en.html?nn=3497560
http://www.reidar.se/
http://www.cirrnet.ch/
http://www.nrls.npsa.nhs.uk/report-a-patient-safety-incident/
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/search.cfm
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfMDR/Search.cfm
http://www.fda.gov/MedicalDevices/Safety/ReportaProblem/ucm124064.htm
http://www.fda.gov/MedicalDevices/Safety/MedSunMedicalProductSafetyNetwork/default.htm
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfRES/res.cfm
http://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/default.htm
http://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/PublicHealthNotifications/default.htm
http://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/PublicHealthNotifications/default.htm
http://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/default.htm
http://www.mdsr.ecri.org/
http://www.ismp.org/Newsletters/default.asp
http://www.jointcommission.org/sentinel_event.aspx
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Annex C 
( in formative)  

 
Developing  USABILITY GOALS for commercial  purposes 

C.1  General  

The  main  objective  accord ing  to  I EC  62366-1  i s  USABILITY  as  i t  re lates  to  SAFETY,  wh ich  
impl ies  that  pu rpose  for  USABILITY EVALUATIONS  i s  to  m i t i gate  RISKS  associated  wi th  CORRECT 

USE  and  USE  ERRORS .  However for strictly commercial purposes,  a MANUFACTURER  can 
establish USABILITY GOALS  for a MEDICAL DEVICE in development because such goals can 
concentrate USER INTERFACE designers on the important TASK of engineering USABILITY into a 
MEDICAL DEVICE,  rather than treating USABILITY as a vague and elusive outcome.  However,  
while establishing and endeavouring to meet such goals is the preferred USABILITY 

ENGINEERING  practice,  setting USABILITY GOALS  is not an essential component of a USABILITY 
ENGINEERING  project.  

Importantly,  evidence that USABILITY GOALS  have been met should not be cited as evidence of 
acceptable use-related RISK,  specifically because data such as TASK performance times and 
subjective ratings are not necessarily good indicators of acceptable RISK.  For example,  a 
USABILITY TEST participant might give a MEDICAL DEVICE a high rating for TASK EFFICIENCY (i.e.  
speed of use),  unconscious of having taken quite a long time to perform the TASK.  

The USABILITY GOAL  limitation discussed above does not mean that TASK time is unimportant.  
In fact,  in cases such as using an AED to rescue a person in heart failure,  TASK time is critical.  
However,  a  certain  fai lu re  rate  ( i . e .  1 0  % of  USABILI TY TEST  parti cipan ts  d id  not  del i ver a  shock 
wi th in  a  cri ti cal  t ime  l im i t)  does  not  necessari l y  represen t  a  passing  performance  from  a 
SAFETY  perspective.  Any such  fai l u res  warrant  a  RESIDUAL RISK EVALUATION .  

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

– objectively measuring USERS’ TASK performance,  and 

– seeking USERS’ opinions about the MEDICAL DEVICE,  respectively.  

Broadly speaking,  objective goals carry more weight than subjective goals within a 
development team because of the value placed on objective performance as compared to 
perceived MEDICAL DEVICE performance.  However,  a MEDICAL DEVICE that scores highly in 
objective USABILITY measures can be rejected by USERS  based on subjective measures (e.g.  if 
USERS  perceive a MEDICAL DEVICE to be difficult to use).  

C.2  Objective goals  

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

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

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

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

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

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

MANUFACTURERS  are dissuaded from establishing objective goals focused on the rate of 
successful TASK completion for the same reason that goals focused on USE ERROR  rates are 
problematic.  Such goals conflict with the premise that USE ERRORS  and TASK failures are 
fundamentally unacceptable at any rate,  and warrant follow-up RISK ASSESSMENT and possibly 
further RISK CONTROL.  The exception might be when such goals pertain to TASKS  that have 
absolutely no RISK ramifications but are important from a business standpoint.  

C.3  Subjective goals  

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

Sample goals that employ a 1-7 rating scale (1  = poor,  7 = excellent): 

– at least 80 % trained USERS  shall rate the MEDICAL DEVICE'S  overall ease of use as 5,5 or 
better; 

– at least 80 % USERS  shall rate the computer display screens' visual appeal as 5,0 or better; 

– at least 80 % untrained USERS  shall rate the usefulness of the online help content as 4,5 or 
better.  

Note that the sample percentages and average ratings presented above are only examples of 
how to set target performance levels,  rather than benchmarks for general use.  Each 
MANUFACTURER  should set performance levels that are appropriate to the MEDICAL DEVICE in 
development.  Also,  note that USABILITY GOALS  might or might not be associated with RISK-
related TASKS; those that could result in negative clinical effects (including injury or death) if 
not performed correctly.  Regardless,  as stated earlier,  MANUFACTURERS  should not cite 
meeting the established goals as evidence of the MEDICAL DEVICE'S  acceptable use-related 
RISK.  The perception of SAFETY is not evidence of SAFETY.  Therefore,  while the MANUFACTURER  

might choose to measure TASK performance against established USABILITY GOALS  during a 
SUMMATIVE EVALUATION (i.e.  confirmation),  the results should be segregated from data 
providing evidence of acceptable use-related RISK.  

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

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

Note that establishing USABILITY GOALS  and then testing to see if a MEDICAL DEVICE meets them 
is primarily a way to bring discipline to the PROCESS  of engineering USABILITY into a MEDICAL 
DEVICE.  Setting such goals can help ensure that MANUFACTURERS  pay attention to a MEDICAL 
DEVICE'S  USABILITY in addition to its acceptable use-related RISK.  
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Annex D 
( in formative)  

 
USABILITY ENGINEERING  project  end  products 

Th is  techn ical  report  recommends  producing  mu l ti ple  USABILITY ENGINEERING  pro ject  end  
products  ( l i sted  at  the  end  of  each  methodology subclause) .  The  key word  i s  “recommends, ”  
noti ng  that  the  pu rpose  of  th is  techn ical  report  i s  to  promote  good  USABILITY ENG INEERING  
rather  than  tu rn  the  USABILI TY ENGINEERING  PROCESS  i n to  a  paperwork generati on  exercise.  
The  main  objecti ve  of  any USABILITY ENGINEERING  pro ject  i s  to  produce  a  MEDICAL DEVICE  that  
i s  safe,  usable,  and satisfying  to the USERS.  Wi th  th is  goal  i n  m ind ,  th i s  annex suggests  wh ich  
end  products  the  AHJ  (e. g .  EU ’s  Noti fi ed  Bod ies,  testing  organ izations)  m igh t  ci te  as  evidence  
of  compl iance  wi th  the  PROCESS  speci fied  i n  I EC  62366-1 :201 5.  Table  D . 1  summari zes  the  
USABILITY ENGINEERING  pro ject  end  products.  

Table  D.1  – USABILITY ENGINEERING  project  end  products  (1  of 2)  

USABILITY ENG INEERING  project  acti vi t i es  and  end  products  

I n formation  
recommended   

by th i s  techn ical  
report  

I n formation  
requ i red  by 

IEC  62366-1 :201 5  

Prepare  USE  SPECIFICATION  

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

X   

USE  SPECIF ICATION  X  X  

I den ti fy  USER  I NTERFACE  characteri st i cs  re l ated  to  SAFETY  and  poten ti al  USE  ERRORS  

TASK ANALYSIS  X  

FUNCTION ANALYSIS  X  

USER  I NTERFACE  characteri s ti cs  re l ated  to  SAFETY  and  
poten ti al  USE  ERRORS  

X  X  

I den ti fy  known  or  foreseeable  HAZARDS  or  HAZARDOUS  S I TUATIONS  

HAZARD analysis X  

Collection and analysis of existing  POST-PRODUCTION and 
POST-PRODUCTION surveillance information   

X  

Known  or  foreseeable  HAZARDS  o r  HAZARDOUS  S I TUATIONS  X  X  

I den ti fy  and  descri be  HAZARD -RELATED  USE  SCENARIOS  

Reports of research conducted X  

HAZARD -RELATED  USE  SCENARIOS  X  X  

Se l ect  H AZARDS  or  H AZARDOUS S I TUATIONS  

Analysis of HAZARD-RELATED USE SCENARIOS  X  

HAZARD -RELATED  USE  SCENARIOS  fo r  SUMMATIVE  EVALUATION  X  X  

Establ i sh  USER  I NTERFACE  SPECIFICATION  

Analysis of USER  needs and preferences X  

USER  I NTERFACE  SPECIFICATION  X  X  

Establ i sh  USER  I NTERFACE  EVALUATION  plan  

Plan for FORMATIVE EVALUATION X  

Plan for SUMMATIVE EVALUATION X  

USER  I NTERFACE  EVALUATION  plan  X  X  
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Table  D.1  (2 of 2)  

USABILITY ENG INEERING  project  acti vi t i es  and  end  products  

I n formation  
recommended   

by th i s  techn ical  
report  

I n formation  
requ i red  by 

IEC  62366-1 :201 5  

Perform  USER  I NTERFACE  des i gn ,  implemen tati on  and  FORMATIVE  EVALUATION  

USER INTERFACE X  

Instructional materials X  

Materials necessary for training X  

FORMATIVE  EVALUATION  test  pro toco l s ,  i f  any X   

FORMATIVE  EVALUATION  USABI LI TY TEST  reports ,  i f  any X  X  

Perform  SUMMATIVE  EVALUATION  o f  the  USABI LI TY  o f  the  USER  I NTERFACE  

SUMMATIVE  EVALUATION  test  protoco l  X X 

SUMMATIVE  EVALUATION  test  report  X X 

Document the  USABILITY ENGINEERING project 

USABILITY ENGINEERING report X  
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Annex E 
( in formative)  

 
USABILITY ENGINEERING  methods 

E.1  General  

Many methods  ( i . e .  techn iques,  tools ,  methodolog ies)  he lp  USABILITY ENGINEERING  
practi t i oners  design  safer  and  more  usable  MEDICAL DEVICES .  No  s i ng le  method  i s  best  i n  al l  
s i tuations,  and  several  d i fferen t  ones  are  typical l y  used  during  MEDICAL DEVICE  des ign .  
Decis ions  abou t  wh ich  methods  shou ld  be  used  at  what  stages  i n  the  design  cycle  are  based  
on  the  USABILITY ENGINEERING  i ssues  of  the  design  and  are  best  made  by USABILITY 

SPECIALISTS .  

USABILITY ENGINEERING  techn iques,  too ls ,  and  methodolog ies  that  generate  objecti ve,  
aud i table  data are  preferred .  However,  both  objective  and  subjecti ve  data are  importan t  to  a  
comprehensive  understand ing  of  a  design ’s  successfu l  and  l ess  successfu l  featu res  and  
characteri stics.  

When  USABILI TY ENGINEERING  acti vi t i es  i nclude  i n formation  that  m igh t  be  subject  to  data 
securi ty or  pri vacy ru les  or  regu lations  these  ru les  have  to  be  considered  and  fo l l owed .  An  
eth ics  commi ttee  review and  i n formed  consent  cou ld  also  be  requ i red .  Such  reviews  are  
normal l y  performed  i n  advance  of  USER  research ,  FORMATIVE  EVALUATIONS  and  SUMMATIVE  

EVALUATIONS  because  proper human  subject  protecti on  i ncludes  ensu ri ng  that  research  
parti cipan ts  have  completed  a  proper consen t  and  assen t  form ,  are  aware  of  the i r  ri gh ts,  and  
are  aware  of  any RISKS  ( i nclud ing  m inor ones  such  as  men tal  s tress)  posed  by the  research  
acti vi ty.  The  fact  that  USER  research ,  FORMATIVE  EVALUATIONS  and  SUMMATIVE  EVALUATIONS  

rarely  i nvolve  the  del i very of  actual  med ical  care  i s  immaterial .  Each  person  i n tended  to  act  
wi th  the  MEDICAL DEVICE  (e . g .  for  transportation ,  s torage;  i nstal lation ;  operation ;  main tenance  
and  repai r;  and  d isposal )  shou ld  be  treated  as  poten tial  USER .  Annex F  provides  add i ti onal  
i n formation  on  stud ies  i n  cl i n ical  settings.  

Du ri ng  s i te  vi s i ts ,  i t  i s  advan tageous  to  take  vi deo  and/or photographs  for  l ater  reference,  
presuming  that  the  MANUFACTURER obtains  the  necessary perm ission(s)  to  do  so  and  observes  
al l  l ocal  pri vacy requ i rements  regard ing  the  protection  of  PATIENTS ’  i den ti t ies  and  heal th  
i n formation .  General l y,  i t  i s  improper to  photograph  PATIENTS  wi thou t  permission ,  as  wel l  as  
photograph  MEDICAL DEVICES  (e . g .  PATIENT  mon i tor,  MRI  scanner)  that  d i splay i n formation  that  
cou ld  be  l i nked  to  a  parti cu lar PATIENT .  Sometimes,  researchers  obtain  perm ission  to  b lu r  the  
faces  of  research  participan ts  appearing  i n  photographs  and  vi deos  that  can  be  viewed  by a  
wider aud ience  than  j ust  the  MEDICAL DEVICE  development  team  members.  

Th is  Annex presents  several  of  the  major USABILITY ENGINEERING  methods  i n  alphabetical  
order.  Table  E . 1  suggests  when  speci fi c  methods  can  be  appl ied  to  g reatest  effect.  
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Table  E. 1  – Recommended  appl ication  of  USABILITY  methods 

Method  
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Advi sory panel  revi ews   E . 2  X X X X X X X  X 

Brai nstorm  USE  SCENARIOS  E . 3   X  X   X     

Cogn i t i ve  walkth rough  E . 4  X  X   X    X  

Con textual  i nqu i ry  E . 5  X X X     X  

Day- i n - the- l i fe  anal ys i s  E . 6  X X X      

Expert  revi ews  E . 7    X  X  X X X   

FMEA and  FTA E . 8  X X X X X X X  X 

Focus  g roups   E . 9  X X X X X X   

FUNCTION  ANALYSI S   E . 1 0  X X X X X   X  

Heu ri s ti c  anal ys i s  E . 1 1  X  X   X  X  X  

Observati on  E . 1 2  X X X  X   X  X 

One-on -one  i n tervi ews  E . 1 3  X X X X X X X  X 

Parti ci patory  des i gn  E . 1 4  X  X   X     

PCA anal ys i s  E . 1 5  X X X  X   X  X 

S I MULATION  E . 1 6  X X X X X  X   

Standards  revi ews  E . 1 7    X  X  X X X   

Surveys   E . 1 8  X  X   X   X  X 

TASK ANALYSI S  E . 1 9  X X X X X X X  X 

Time-and-moti on  s tud i es  E . 20  X X X X X    

USABI LI TY TESTS  1 6 . 2 . 4  X    X   X   

Workl oad  assessmen t  E . 21  X X X X X    

 

E.2  Advisory panel  reviews 

I n  some  cases  – particu larl y  when  conducting  a  l ong - term  and  cri ti cal  development  pro ject  – a  
MANUFACTURER  can  choose  to  convene  an  advisory panel .  An  advisory panel  can  i nclude  5  to  
1 0  people  ( the  total  number of  people  i s  not  cri t i cal )  who  have  d i verse  perspectives  on  the  
MEDICAL  DEVICE  i n  development.  Care  shou ld  be  taken  to  i nclude  represen tati ve  USERS  on  the  
panel ,  not  j ust  " though t  l eaders”  or  “key opin ion  l eaders”  and  favoured  cl ien t  representatives  
who  m igh t  provide  skewed  i npu t  regard ing  USER  characteristics  and  needs.  

Conven ing  an  advisory panel  earl y  – perhaps  from  the  development  pro ject's  i nception  – and  
often  du ring  the  development PROCESS  enables  the  MANUFACTURER  to  co l lect  i npu t  from  
i nd ividuals  who  develop  a  progressively deeper l evel  o f  i ns igh t  i n to  design  i ssues  and  trade-
offs  than  those  i nd ividuals  who  m igh t  participate  i n  on ly  one  i n terview or  USABILI TY TEST  
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session .  However,  an  advisory panel ’s  i npu t  and  feedback i s  not  a  substi tu te  for  i npu t  and  
feedback from  other prospective  USERS  who  are  i n i t ial l y  naïve  abou t  the  MEDICAL  DEVICE  i n  
development  ( i . e .  people  who  have  “fresh  eyes”) .  

E.3  Brainstorm  USE SCENARIOS  

One  method  for  i den ti fying  HAZARD-RELATED  USE  SCENARIOS  i s  to  conduct  a  creati ve  exercise,  
such  as  brainstorm ing  wi th  separate  g roups  of  development  personnel  and  i n tended  USERS  o f  
the  g iven  MEDICAL DEVICE ,  wh ich  draws  upon  the  participants’  creativi ty  and  perhaps  MEDICAL 

DEVICE  domain  knowledge  to  i den ti fy  possible  HAZARD-RELATED  USE  SCENARIOS .  Du ring  such  
sessions,  participan ts  suggest  USE  ERRORS  that  they can  imag ine  occu rri ng  i n  various  USE  

SCENARIOS  i nclud ing  unusual  bu t  s ti l l  foreseeable  ones.  The  parti cipants’  imag inations  can  be  
stimu lated  by structu red  exercises  and  can  employ device  models,  such  as  asking  
participan ts  to  th ink of  USE  ERRORS  that  m igh t  occur when  USERS  are  rush ing  or  fati gued,  when  
there  i s  a  power fai lu re,  or  when  an  un trained  or  i nexperienced  USER  attempts  to  use  the  
MEDICAL DEVICE ,  for  example.  During  such  exercises,  a  participan t  m igh t  suggest  a  USE  ERROR  
that  then  stimu lates  others  to  th i nk of  add i ti onal  USE  ERRORS .  I t  helps  to  consider MEDICAL 

DEVICE  i n teractions  on  a  step-by-step  basis ,  wh ich  i s  why i t  i s  usefu l  to  perform  a  TASK 

ANALYSIS  ahead  of  t ime,  thereby enabl i ng  researchers  to  d i rect  parti cipants’  atten ti on  to  
predetermined  steps.  

E.4 Cogni tive  walkthrough  

A cogn i ti ve  walkth rough  i nvolves  a  researcher attempting  to  determ ine  what  i s  expected  of  the  
USER  by:  

– walking  th rough  a  pre l im inary design  completi ng  the  TASKS  as  though  the  researcher i s  the  
USER ;  

– l ead ing  subject  matter  experts  th rough  these  TASKS ;  or 

– l ead ing  represen tative  USERS  th rough  these  TASKS  (sometimes  referred  to  as  a  plu ral i sti c  
evaluation ) .  

The  goal  i s  to  determ ine  whether USERS  understand  what  they need  to  do  for  each  TASK,  sub-
TASK  or  s tep  and  whether they understand  when  a  correct  or  i ncorrect  course  of  action  has  
been  taken .  

I n  a  plu ral i sti c  evaluation ,  the  researcher gu ides  the  USER  th rough  a  TASK  by  describi ng  how 
they wou ld  perform  a  TASK  based  on  drawings  and  models  presented .  The  researcher’s  j ob  i s  
to  bri ng  the  static  USER INTERFACE  “ to  l i fe”  by describing  how the  MEDICAL  DEVICE  wou ld  
respond  to  USER  i npu ts.  

The  evaluation  can  use  USER INTERFACE  desi gn  i l l ustrations,  such  as  drawings  (prin ted  or  on  a 
compu ter screen)  of  a  con tro l  panel  and  various  screens  that  wou ld  appear on  a  compu ter-
based  d isplay.  Occasional l y,  a  non-functi onal  hardware  model  can  complement the  drawings  
to  g i ve  the  USERS  a  more  complete  sense  for MEDICAL DEVICE  hardware  USER I NTERFACE .  

A  cogn i ti ve  walkth rough ,  wh ich  i s  wel l  su i ted  to  pre l im inary design  evaluati ons,  can  produce  
su rpris i ng ly detai led  and  usefu l  i ns igh ts  abou t  a  USER  INTERFACE  des ign 's  streng ths  and  
opportun i t ies  for  improvement.  Add i ti onal  i n formation  i s  found  i n  1 6. 2. 3 .  

E.5  Contextual  inqu i ry 

A common  and  effective  way to  l earn  abou t  USERS  i s  to  observe  them  i n teracting  wi th  i tems  of  
i n terest  (e. g .  su rg ical  i nstrument,  PATIENT  mon i tor,  hospi tal  bed ,  software  appl i cation ,  g lucose  
meter) ,  perhaps  wh i le  they perform  TASKS  s im i lar  to  those  that  are  i n tended  to  be  performed  
us ing  the  MEDICAL  DEVICE  i n  development.  For example,  a  team  developing  a  home  therapy 
MEDICAL  DEVICE  (e . g .  peri toneal  d ialys is  mach ine)  m igh t  vi s i t  a  cl i n ic  to  observe  d ialys is  
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PATIENTS  who  normal ly  help  thei r  careg ivers  (d ialysis  nu rses  and  techn icians)  prepare  the  
d ial ys is  equ ipment  for  use.  Al ternati vely,  the  researchers  m igh t  vi s i t  d i al ys is  PATIENTS  at  home  
to  observe  them  admin ister thei r  own  treatments.  As  another example,  a  team  developing  a  
m in imal l y  i nvasive  surg ical  i nstrument,  such  as  an  endoscope,  m igh t  vi s i t  hospi tals  to  observe  
su rgeons  operating  wi th  s im i lar  MEDICAL  DEVICES .  I n  some cases,  the  USER  research  team  
m igh t  create  a  video  RECORD  o f  the  USER  acti vi t i es  of  i n terest  to  enable  subsequen t  analyses.  
Video  from  mu l ti ple  viewpoin ts  can  be  very usefu l  when  perform ing  detai led  analyses  (e . g .  
t ime-motion  analysis) .  

The  kind  of  research  described  above  i s  o ften  termed  con textual  i nqu i ry  or  ethnograph ic  
research .  The  choice  of  term  depends  on  the  researchers’  professional  backgrounds,  speci fi c  
s tyle  of  observation ,  and  data col lection  practices.  The  many varieti es  of  USER  research ,  
presuming  that  each  i s  performed  wel l ,  can  produce  an  equ ivalen t  set  o f  USERS '  needs.  

Researchers  shou ld  keep  i n  m ind  that  a  USE  ENVIRONMENT  i s  much  more  than  a  workspace  to  
be  described  j ust  i n  arch i tectu ral  terms.  The  term  USE  ENVIRONMENT  i n  th is  techn ical  report  
refers  more  broad ly to  the  overal l  con text  of  use,  i nclud ing  arch i tectural ,  social ,  and  cl imatic  
factors.  USE  ENVIRONMENT  analysis  shou ld  i nclude  the  captu re  of  USE  ENVIRONMENT  
characteristics  that  impact  the  TASKS  performed  wi th  the  MEDICAL DEVICE  be ing  designed  as  
wel l  as  any i n fl uence  on  HAZARD -RELATED  USE  SCENARIOS .  I f  practi cable,  the  MANUFACTURER  
shou ld  estimate  the  probabi l i ty  of  occurrence  of  the  HAZARD -RELATED  USE  SCENARIO as  wel l  as  
the  probabi l i ty  of  i t  l ead ing  to  HARM .  F i gu re  E . 1  i l l ustrates  a  USE  ENVIRONMENT  wi th in  a  hospi tal ,  
wh ich  cou ld  p lace  special  USER INTERFACE  requ i rements  on  a  MEDICAL  DEVICE .  

 

Figure E.1  – Sample  of  a  USE  ENVIRONMENT  wi th in  a  hospi tal  

I n  some  cases,  i t  i s  usefu l  to  perform  what  some  researcher term  a  day- in - the- l i fe  analysis  – 
perform ing  extended  USER  observations.  Add i tional  i n formation  i s  found  i n  E .6  and  reference  
[34] .  

E.6  Day-in-the-l i fe  analysis  

A Day- I n -The-Li fe  (D ITL)  analysis  i s  typical l y  performed  i n  the  early  stages  of  a  MEDICAL  
DEVICE  design .  Other terms  for  a  D ITL i nclude  PROCESS  analyses  and  m ission  analyses.  D ITL 
analysis  i s  appropriate  for  new MEDICAL  DEVICES  as  wel l  as  updates  to  cu rren t  MEDICAL  
DEVICES .  The  pu rpose  of  D ITL analysis  i s  to  d i scover and  document how USERS  i n teract  wi th  a  
MEDICAL  DEVICE  du ri ng  an  average  day.  Such  an  analysis  helps  to  i den ti fy  the  detai l s  of  how 
USERS  i n teract  wi th  a  g i ven  MEDICAL  DEVICE  du ri ng  dai l y  use,  i nclud ing  the  most  frequent  
MEDICAL  DEVICE- re lated  TASKS  and  thei r  sequence,  the  con texts  i n  wh ich  USERS  perform  TASKS  
and  re lated  USABILITY  i ssues.  Such  an  analysis  m igh t  be  particu larly  appropriate  when  
evaluating  a MEDICAL  DEVICE ,  such  as  a  portable  g lucose  meter,  wh ich  i s  used  several  t imes  a  
day and  possibly  i n  various  envi ronments.  

IEC  
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I f  there  are  several  USER  GROUPS  that  m igh t  use  the  product  d i fferen tly,  then  separate  D ITL 
analyses  shou ld  be  completed  for  each  USER  GROUP .  I n  add i ti on ,  D ITL analyses  shou ld  beg in  
wi th  a  scenario  where  everyth ing  goes  “as  expected”  ( i . e .  the  MEDICAL  DEVICE  works  as  
expected  [No  ALARM  SIGNALS ,  and  no  unplanned  even ts  occu r i n  the  person ’s  l i fe ] ) .  I t  shou ld  
subsequen tly  be  expanded  to  i nclude  l i kely  and/or s i gn i fi can t  events  that  cou ld  occur  due  to  
MEDICAL  DEVICE  mal functi ons  or  unplanned  USER  even ts.  The  D ITL analysis  provides  a usefu l  
i npu t  i n to  both  FUNCTION  ANALYSIS  and  TASK ANALYSIS .  

The  analysis  i s  performed  by i den ti fying  al l  o f  the  i n teractions  that  a  USER  has  wi th  the  
MEDICAL  DEVICE  over a  24-hour period .  USER  j obs,  TASKS ,  behaviours,  and  needs  are  i den ti fi ed .  
Typical l y,  analysts  start  wi th  the  f i rst  i n teraction  after  the  USER  wakes  up  i n  the  morn ing  and  
then  ch ron icles  al l  o ther s ign i fi can t  MEDICAL  DEVICE  i n teractions  that  cou ld  occur  du ring  the  
day.  For example,  i f  the  MEDICAL  DEVICE  i s  an  i nsu l i n  pump,  the  fi rst  USER  i n teraction  wi th  the  
MEDICAL  DEVICE  m i gh t  be  to  check h is/her b lood  g l ucose  level  prior  to  eating  breakfast  or  
exercis i ng .  

The  method  used  to  co l lect  D ITL data i s  determ ined  by whether the  MEDICAL  DEVICE  i s  
revolu tionary (new product) ,  or  evolu tionary (enhancement to  a  MEDICAL  DEVICE  a l ready on  the  
market) .  For new MEDICAL  DEVICES ,  prospecti ve  USERS  can  be  i n terviewed  or  participate  i n  
focus  g roups.  The  MEDICAL  DEVICE  concept  i s  represen ted  to  USERS  and  feedback i s  sough t  
around  the  functi ons  and  featu res  they m igh t  wan t,  and  when ,  where,  and  how they m igh t  use  
the  product.  Care  needs  to  be  taken  i n  the  earl y phases  of  i nqu i ry  to  not  provide  a  speci fi c  
design  for  the  MEDICAL  DEVICE  concept,  bu t  rather determ ine  what USER  needs  m ight  be  met 
( i . e .  what  functions  are  needed ,  not  how they shou ld  be  implemented) .  For  enhanced  MEDICAL  
DEVICES ,  i n terviews  of  cu rren t  USERS ,  focus  g roups  or by conducting  ethnograph ic  research  
are  options.  The  focus  shou ld  be  on  determ in ing  how curren t  MEDICAL  DEVICES  are  being  used ,  
what problems  are  encoun tered ,  and  on  what add i tional  capabi l i t ies  m igh t  be  added  to  
improve  u ti l i ty,  USABILITY  and/or acceptable  use-related  RISK.  

The  resu l ts  of  a  D ITL analysis  can  be  used  to  i den ti fy:  

– those  MEDICAL  DEVICE  functions  that  are  used  most  frequen tl y;  

– the  con texts  i n  wh ich  they are  experienced;  

– the  sequence  i n  wh ich  functions  are  typical l y  performed;  and  

– the  gaps  i n  functional  design ,  USABILI TY  and  acceptable  use-related  RISK  that  cou ld  be  
i ncluded  or  mod i fied  to  improve  product  USABILITY  and  acceptable  RISK.  

The  format  for the  analysis  can  be  g raph ical  (e . g .  f l ow chart)  or  narrative.  

E.7 Expert  reviews 

Expert  reviews  depend  on  the  knowledge  and  experience  of  USABILITY SPECIALISTS  to  i den ti fy  
design  streng ths  and  weaknesses  and ,  subsequen tl y,  ci te  opportun i ti es  for  design  
improvement.  An  expert  review can  be  performed  on  design-concept  sketches,  working  
prototypes,  and  even  MEDICAL DEVICES  a l ready i n  use.  I n  the  case  of  an  expert  review of  an  
un fi n ished  design ,  many serious  design  shortcomings  can  be  detected  early  and  wi thou t  
i ncu rri ng  the  h i gher costs  normal ly  associated  wi th  USABILITY TESTS .  However,  i f  appl ied  alone,  
th is  techn ique  i s  un l i kely  to  detect  al l  o f  the  design  shortcomings.  Also  see  standards  reviews  
E. 1 7.  

E.8 FMEA and  FTA 

Among  the  most  widely used  of  the  RISK ANALYSIS  too ls  are  fai l u re  modes  and  effects  analysis  
(FMEA)  and  fau l t  tree  analysis  (FTA) .  FMEA helps  to  define,  i den ti fy,  and  reduce  the  
probabi l i ty  of  “ fai l u re  modes”  (known  or  poten tial  fai l u res  and  errors  of  the  MEDICAL DEVICE  i n  
i ts  con text  of  u se) .  Fai lu re  modes  caused  by i nadequate  USABILI TY  are  possible  USE  ERRORS  
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that  cou ld  occu r du ring  the  preparation  and  use  of  the  MEDICAL DEVICE .  Each  fai l u re  mode  has  
the  fo l l owing  3  componen ts:  

– occurrence  ( frequency or probabi l i ty  of  fai lu re) ;  

– SEVERITY  (seriousness  of  the  HARM  that  cou ld  resu l t  from  the  fai lu re) ;  and  

– EFFECTIVENESS  o f  the  RISK CONTROL  measure.  [35]  

E.9  Focus  g roups 

Simi lar  to  one-on-one  i n terviews,  focus  g roups  provide  an  effecti ve  techn ique  for 
understand ing  the  perceptions,  opin ions,  be l i efs  and  atti tudes  of  MEDICAL DEVICE  USERS  and  
PATIENTS .  Un l ike  one-on -one  i n terviews,  focus  g roups  engage  mu l t iple  people  at  a  t ime,  
provid ing  the  opportun i ty  for  parti cipants  to  d i scuss  topics  wi th  each  other du ring  the  g roup 
session .  Sessions  are  led  by a  moderator and  typical l y  engage  4  to  8  participan ts.  The  
moderator i s  responsible  for  setti ng  the  scope,  i n troducing  d iscussion  topics  or  exercises,  
ensuring  that  al l  parti cipan ts  are  reasonably engaged ,  and  keeping  the  d i scussion  al i gned  
wi th  study objecti ves.  Participan ts  provide  thei r  perspecti ve  and  opin ions,  i n  d i scussion  wi th  
the  moderator and  other participan ts  i n  the  g roup.  

Depend ing  upon  the  research  goals,  focus  g roups  can  be  conducted  early  i n  the  USER 

research  phase  of  a  MEDICAL DEVICE ’S  development,  or  during  design  conceptual i zation .  Focus  
g roups  can  be  used  to  so l i ci t  opin ions  and  atti tudes  abou t  an  existi ng  MEDICAL DEVICE  or  
design  concept,  to  explore  attribu tes  of  MEDICAL DEVICE  design  that  are  importan t,  or  to  define  
requ i rements  that  a  design  needs  to  meet  to  gain  USER  or  PATIENT  acceptance.  Moreover,  
focus  g roups  need  not  adhere  to  a  questi on -answer format.  The  moderator  can  adm in ister 
questionnai res,  have  parti cipan ts  provide  rati ngs  or  compare  competing  MEDICAL DEVICES ,  or  
conduct  hands-on  exercises  wi th  MEDICAL DEVICE  prototypes.  These  acti vi t ies  can  faci l i tate  
g roup d i scussions.  

A research  study can  i nclude  mu l ti ple  i n terview sessions,  i nclud ing  dozens  of  participan ts  i n  
total .  Group  participan ts  can  be  se lected  to  i nclude  a  heterogeneous  g roup  of  MEDICAL DEVICE  
USERS  or  PATIENTS  i n  the  hope  that  d i verse  opin ions  stimu lates  d iscussion  and  generate  new 
i ns igh ts.  Group members  can  also  be  more  homogeneous  wi th  parti cipants  sharing  s im i lari t ies  
i n  thei r  education ,  train i ng ,  age,  or MEDICAL DEVICE  experience  i n  an  effort  to  i den ti fy  a  
common  perspective  or  explore  detai l s  more  fu l l y.  

To  conduct  a  successfu l  focus  g roup study,  the  researcher needs  to  clearly  define  the  study 
goals.  A d iscussion  gu ide  can  be  used  to  organ ize  d iscussions  around  topics  of  i n terest.  To  
m in im ize  bias  and  avoid  narrowing  a  d iscussion  too  qu ickly,  the  d i scussion  shou ld  start  
broadly  before  tackl i ng  speci fi c  questi ons  or  i ssues.  

USER  researchers  who  employ th i s  techn ique  shou ld  be  m indfu l  that  g roup  dynamics  and  
i nd ividuals  wi th  strong  personal i t i es  and  unusual  perspecti ves  can  dom inate  d iscussion .  That  
i s  why i t  i s  importan t  to  conduct  mu l ti ple  focus  g roups  and  for  moderators  to  manage  
d i scussions  effecti vely.  

E.1 0  FUNCTION  ANALYSIS  

FUNCTION  ANALYSIS  g enerates  the  i ns igh ts  necessary to  decide  what  exclusive  and  shared  
roles  the  MEDICAL DEVICE  and  USER  p lay i n  the  MEDICAL DEVICE 'S  overal l  operati on .  The  f i rst  
s tep  i s  to  determ ine  the  g i ven  MEDICAL DEVICE 'S  requ i red  functions.  The  second  step  i s  to  
consider the  kinds  of  functions  best  performed  by MEDICAL DEVICES  versus  humans.  The  fi nal  
s tep  i s  to  al l ocate  functi ons  appropriately  to  the  MEDICAL DEVICE  or  USER  based  on  thei r  
particu lar streng ths  and  l im i tati ons.  For  example,  MEDICAL DEVICES  are  good  at  con ti nuously  
mon i toring  parameter  values  and  generating  ALARM  CONDITIONS  i f  anyth ing  exceeds  a  pre-set  
l im i t,  and  good  at  detecting  unusual  patterns  i n  data sets,  such  as  a  combination  of  vi tal  s i gn  
values  that  i nd icate  PATIENT  d i stress.  Add i tional  i n formation  i s  found  i n  9 . 3 .  
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E.1 1  Heuristic  analysis  

Heuristi c  analysis  [36]  i s  a  special i zed  type  of  expert  review.  The  techn ique  cal l s  for one  or  
more  USABILITY SPECIALISTS  – perhaps  th ree  – to  conduct  an  i ndependen t  expert  review of  a  
g i ven  design 's  USER  I NTERFACE  based  on  se lected  USABILITY ENGINEERING  des ign  heuristi cs,  
such  as  those  found  i n  references  [4]  and  [36]  us ing  thei r  professional  j udgment.  After 
i den ti fying  design  shortcomings,  each  USABILITY SPECIALIST estimates  the  degree  of  the  
shortcoming  and  describes  i n  general  terms  a  poten tial  so lu tion .  Final l y,  the  USABILITY 

SPECIALISTS  compare  thei r  f i nd ings,  develop  consensus  fi nd ings,  and  document  thei r  f i nd ings  
i n  a  report.  Add i ti onal  i n formation  i s  found  i n  1 6. 2. 2.  

E.1 2  Observation  

Observation ,  a  USABILITY ENGINEERING  techn ique  that  i s  d i scussed  earl i er,  i s  a  powerfu l  way to  
i den ti fy  poten tial  HAZARD-RELATED  USE  SCENARIOS .  Observation  g i ves  an  understand ing  of  the  
use  of  MEDICAL DEVICES  i n  the  real  envi ronment.  Observers  need  to  ensu re  that  they do  not  
i n terfere  wi th  the  workflow or  natu ral  behaviou r,  wh ich  can  bias  the  resu l ts .  Duri ng  
observations,  i t  i s  possible  to  study how the  USER  actual ly  acts  and  hand les  the  MEDICAL 

DEVICE .  Through  observations,  i t  i s  possible  to  gain  knowledge  abou t  behaviours  that  the  USER  
i s  not  aware  of  and  therefore  cannot  clearl y  arti cu late  i n  an  i n terview.  

I t  can  be  d i ffi cu l t  to  f i nd  i nsti tu tions  and  i nd ividuals  who  are  wi l l i ng  to  permi t  such  
observations.  Such  observations  also  pose  the  d i lemma of  researchers  decid i ng  what  to  do  i f  
they observe  a  HAZARD -RELATED  USE  SCENARIO that  i s  l ead ing  to  HARM .  Accord ing ly,  
researchers  can  choose  to  perform  such  observations  wi th  the  support  o f  a  cl i n i cian  who  can  
i n terpret  even ts  – perhaps  unobtrusively ci t i ng  HAZARD-RELATED  USE  SCENARIOS  when  they 
occur – and  i n tervene  when  necessary to  preven t  HARM .  

Observations  of  people  at  work can  be  fo l l owed  immediately  (as  i n  the  case  of  con textual  
i nqu i ry) ,  or  perhaps  at  a  l ater hou r du ri ng  the  same workday,  by i n terviews  (see  E. 1 3)  
i nvolving  the  observed  i nd ividuals.  Such  i n terviews  can  focus  on  the  streng ths,  shortcomings,  
and  opportun i t ies  for  improvement of  the  MEDICAL  DEVICES  i n  use,  and  perhaps  broader,  
system  i n tegrati on  i ssues  as  wel l .  

E.1 3  One-on-one in terviews 

One-on-one  i n terviews  are  an  effecti ve  techn ique  for  gathering  qual i tati ve  i n formation  abou t  
MEDICAL DEVICE  u se.  I n terviews  i nvolve  an  i n terviewer (a  researcher)  and  an  i n terviewee  (a 
subject  matter expert,  MEDICAL DEVICE  USER ,  or  PATIENT) .  I n terviews  fo l low a  question -answer 
model ,  bu t  are  conversational .  The  researcher l eads  the  i n terview,  by i n troducing  topics  and  
i n i t iati ng  d iscussion  th rough  questi ons.  The  i n terviewee  provides  thei r  though ts,  opin ions,  
atti tudes,  and  bel i efs  i n  response.  

Depend ing  on  the  research  goals,  one-on-one  i n terviews  can  be  conducted  earl y i n  the  USER  
research  phase  of  a  MEDICAL DEVICE ’S  development,  or  during  design  conceptual i zation .  
I n terviews  can  be  used  to  i den ti fy  characteristics  that  defi ne  d i fferen t  USER  or  PATIENT  g roups.  
I n terviews  can  also  be  used  to  map ou t  cl i n ical  workflows  or  typical  usage  scenarios,  to  
i den ti fy  problems  and  frustrations  wi th  existi ng  MEDICAL DEVICES ,  to  gather  opin ions  and  
atti tudes  abou t  d i fferen t  aspects  of  MEDICAL DEVICE  u se,  to  explore  design  concepts,  and  to  
answer speci fi c  questions  abou t  a  design  or design  i ssue.  An  i n terview study typical l y 
i ncludes  a  sample  of  i n terviewees.  Larger samples,  wi th  20  or  more  i n terviewees,  can  provide  
a  heterogeneous,  bu t  represen tati ve  m ix  of  subject  matter  experts,  MEDICAL DEVICE  USERS ,  or  
PATIENTS .  Smal ler  samples,  wi th  6  to  8  i n terviewees,  can  be  used  to  evaluate  perceptions  of  a  
relati vely homogenous  g roup  who  share  a  common  characteri stic  that  affects  MEDICAL DEVICE  
u se,  such  as  a  j ob  profi le,  speci fi c  d i sabi l i ty,  or  age  range.  

An  i n terview plan  shou ld  speci fy  i f  the  i n terview i s  p lanned  to  be  a  structu red  i n terview an  
unstructured  or  hybri d  of  the  two.  Structured  i n terviews  fo l l ow a  l i s t  o f  prepared  questions  and  
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an  unstructu red  i n terview does  not.  Du ri ng  each  i n terview,  there  shou ld  be  at  l east  one  
question  offeri ng  responden ts  the  opportun i ty  to  provide  open  feedback on  any topic  they 
consider  germane  to  the  overal l  d i scussion .  

To  conduct  a  successfu l  i n terview,  the  researcher shou ld  clearl y define  the  i n terview goals,  
d raft  an  appropriate  i n terview gu ide,  and  effecti vely  manage  the  dynamics  of  each  i n terview.  
The  i n terview gu ide  i ncludes  questions  organ ized  around  d iscussion  topics.  I n terviews  shou ld  
fo l l ow the  gu ide  bu t  al l ow for unscripted  d i scussion  to  explore  i n terviewee  responses.  
Questions  shou ld  be  short  and  open-ended .  I n terviewers  shou ld  keep  the  d iscussion  
conversational  and  frame  questions  i n  a  way that  encourages  the  i n terviewee  to  re late  to  thei r  
own  experience,  wi thou t  l ead ing  or b iasing  thei r  responses.  Researchers  shou ld  l im i t  each  
i n terview to  no  more  than  two  hours.  When  completed ,  i n terviews  shou ld  be  analysed  to  
i den ti fy  patterns  or  themes,  and  to  catalogue  the  fu l l  range  of  participan t  responses.  

I n terviews  can  be  conducted  i n  person ,  wh ich  i s  usual l y  optimal ,  or  possibly  remotely  via  
te lephone  or  video  con ference.  The  remote  commun ication  option  can  be  the  most  cost-
effective  and  rapid  way to  i n teract  wi th  prospecti ve  MEDICAL  DEVICE  USERS  i n  mu l t iple  
geograph ic  l ocati ons,  wi th  national  borders  posing  l i ttl e  obstacle  to  usefu l  data col lection ,  and  
wi th  l anguage  d i fferences  read i l y  overcome by engag ing  i n terpreters.  However,  conducting  
USER  research  i n -person  i s  most  l i ke ly  to  produce  better resu l ts  because  face-to- face  
commun ication  i s  o ften  more  nuanced  and  i n formati ve.  

I n terviews  enable  the  researcher to  co l lect  the  USERS ’  perspecti ves,  wh ich  can  complement  
bu t  cannot  necessari l y  replace  observations  (see  E. 1 2) .  The  two  research  methods  generate  
d i fferen t  types  of  i n formation ,  wh ich  can  sometimes  rei n force  each  other ( i . e .  when  the  
i n terview data con fi rm  the  researcher’s  observations) .  However,  at  o ther t imes,  the  
i n formation  generated  by each  method  m igh t  con fl i ct  and  the  USER ’S  reported  reasons  for  
observed  acti vi t i es  m igh t  be  qu i te  d i fferen t  from  the  reasons  presumed  by the  observer.  

E.1 4 Participatory design  

Participatory design  seeks  to  provide  subjects  wi th  the  means  to  i l l ustrate  or  demonstrate  
thei r  i deal  MEDICAL DEVICE  rather  than  re l yi ng  on  the  subjects  to  imag ine  and  verbal l y describe  
thei r  vi s ion .  Depend ing  on  the  stage  of  development,  the  best  parti cipatory design  tool  can  
range  from  a  schemati c  set  o f  con fi gurable  bu i ld ing  block modu les  represen ting  known  
techn ical  constrain ts  to  USER INTERFACE -speci fi c  features  that  are  part  of  a  con fi gurable  study 
model .  

One  participatory design  method  cal l s  for  represen tati ve  USERS  to  combine  s imple  blocks  
represen ting  techn ical  components  (e. g .  motors,  e lectron ics,  bladders,  batteries,  s torage,  etc. )  
i n to  desi red  forms,  as  wel l  as  to  p lace  USER INTERFACE  featu res  (e . g .  bu ttons,  i nd icators,  
knobs,  etc. )  i n to  desi red  arrangements.  Another method  i s  to  provide  USERS  wi th  a  functional  
MEDICAL DEVICE  (e . g .  a  su rg ical  tool  that  cau teri zes  t i ssue)  and  ask them  to  shape  associated  
features,  such  as  the  tool ’s  g ripping  su rface,  or  posi t ion  add i ti onal  componen ts,  such  as  a  
cable,  i n  the  desi red  l ocation .  The  techn ique  can  be  adapted  to  enable  research  parti cipants  
to  compose  screens  for  compu ter d isplays.  

When  performing  parti cipatory design  stud ies,  i t  i s  importan t  to  te l l  the  USERS  abou t  the  
MEDICAL DEVICE ’S  con text  of  use  and  any i nvio lable  techn ical  constrain ts.  Researchers  prompt 
the  USERS  to  rational i ze  thei r  creations  and  photog raphed  the  USERS ’  i deal i zed  designs.  Later,  
researchers  l ook for  preference  patterns  among  the  i deal i zed  designs  to  generate  USER 

I NTERFACE  REQU IREMENTS  and  i n form  subsequen t  design  efforts .  

E.1 5  PCA analysis  

One  method  to  i den ti fy  the  poten tial  for  USE  ERRORS  based  on  TASKS  ANALYSIS  i s  cal l ed  PCA 
analysis .  The  method  of  PCA analysis  i s  deri ved  from  the  model  of  USER-MEDICAL DEVICE  
i n teraction  that  i s  depicted  i n  Figu re  E . 2.  S ince  the  method  suggests  to  work along  the  th ree  
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componen ts  of  USER  i n teractions  “perception”,  “cogn i ti on”  and  “acti on”  i t  i s  referred  to  as  PCA 
analysis .  
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Figure  E.2  – Model  of  USER-MEDICAL DEVICE  i n teraction  

For conducting  a  PCA analysis ,  the  TASKS  are  decomposed  down  to  the  level  o f  i nd ividual  
USER  i n teractions.  I nd ivi dual  USER  i n teractions  are  decomposed  i n to:  

– USER  perception ;  

EXAMPLE  1  Heari ng  an  ALARM  S IGNAL ,  read i ng  text  on  a  screen ,  feel i ng  a  bu tton  c l i ck.  

– cogn i ti ve  steps;  and  

EXAMPLE  2  Recal l i ng  i n formati on ,  perform i ng  men tal  cal cu l at i ons ,  appl yi ng  ru l es  to  reach  a  deci s i on .  

– action .  

EXAMPLE  3  Se l ecti ng  a  menu  opti on ,  press ing  a  bu tton ,  add i ng  f l u i d  to  a  reservo i r.  

Th is  decomposi t ion  helps  the  MANUFACTURER  to  understand  what  each  TASK  requ i res  from  the  
USER  i n  terms  of  perception ,  cogn i t i ve,  and  physical  l oad .  A USE  ERROR  i s  l i kely to  occu r i f  the  
USER  i s  unable  to  meet  one  of  those  TASK  requ i rements.  Thus,  poten tial  use  problems  can  be  
i den ti fi ed  and  become  easi l y  apparent  by asking  the  fo l l owing  th ree  questions:  

– “What  i f,  the  USER  i s  unable  to  perceive  x?”  

– “What  i f,  the  USER  i s  unable  to  i n terpret/process  y”  

– “What  i f,  the  USER  i s  unable  to  perform  the  action  z?”  

By repeating  to  ask these  th ree  questi ons  for every step i n  a  TASK  sequence,  a  pre l im inary l i s t  
o f  poten tial  use  problems  can  be  compi led .  Not  al l  o f  these  use  problems  m igh t  resu l t  i n  a  USE  

ERROR  and  not  al l  o f  the  i den ti fi ed  poten tial  USE  ERRORS  m igh t  be  SAFETY- re lated .  

NOTE  As  explai ned  i n  Annex  A  – 3 . 21  o f  I EC  62366-1 :201 5,  a  USE  ERROR  i s  always  bound  to  erroneous  acti on  or  
i nacti on .  E rroneous  percepti on  o r  cogn i t i on  are  not  consi dered  a  USE  ERROR  bu t  can  be  a  cause  for  a  USE  ERROR .  

However,  the  l i s t  i s  a  beg inn ing  of  understand ing  unexpected  actions  USERS  cou ld  do  wi th  the  
MEDICAL DEVICE  and  helps  i den ti fy  those  USE  ERRORS  that  are  connected  to  HAZARDOUS 

S ITUATIONS .  
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E.1 6  S IMULATION  

S IMULATION  (as  described  here)  refers  to  an  arti fi cial  heal thcare  envi ronment  that  i s  
su ffi cien tly  real i sti c  to  support  testing  at  various  stages  of  MEDICAL DEVICE  development,  from  
early  stage  conceptual i zation  th rough  SUMMATIVE  EVALUATION  to  the  evaluation  of  reported  USE  

ERRORS  i n  marketed  MEDICAL DEVICES .  S IMULATION  requ i res  a physical  envi ronment  i n  wh ich  
cl i n icians  or PATIENTS  can  i n teract  natural l y  wi th  a  MEDICAL DEVICE  or  prototype.  H igh -FIDELITY  
s imu lators  effecti vely  emu late  such  MEDICAL DEVICE  USE  ENVIRONMENTS  as  a  PATIENT 'S  h ome,  
cl i n ic  treatment room,  operating  room,  emergency department,  i n tensive  care  un i t,  d ialysis  
un i t,  or  transport  hel i copter.  An  operating  room  s imu lator,  for  example,  i ncludes  al l  o f  the  
equ ipment  and  suppl ies  found  i n  an  operating  room  (bed ,  tables,  l i gh ts,  e lectrocau tery un i t,  
l aparoscopic  equ ipment,  anaesthesia  mach ine,  d rapes,  su rg ical  i nstruments,  etc. )  as  wel l  as  
human  actors  (also  cal l ed  confederates) ,  i f  needed.  I f  the  MANUFACTURER were  evaluating  a  
su rg ical  MEDICAL DEVICE ,  the  actors  m igh t  be  an  anaesthesiolog ist,  scrub  techn ician  and  
ci rcu lati ng  nu rse,  provid ing  prompts,  i n terrupti ons,  d i stracti ons,  and  other attribu tes  that  are  
considered  essen tial  (e . g .  based  on  the  HAZARD ANALYSIS )  to  evaluate  the  MEDICAL DEVICE  
u nder a  range  of  h igh  use,  h i gh  RISK,  h i gh  cost,  or  o ther cond i ti ons.   

Depend ing  on  the  goals  of  the  SIMULATION ,  the  s imu lated  “PATIENT”  can  be  played  by another 
actor (a  “standard ized  PATIENT”)  or  by  a  man ikin .  S IMULATION  man ikins  range  from  fu l l y  
i nan imate  plastic  “dummies”  wi th  on ly  a  physical  human  resemblance,  to  very soph isticated  
compu ter con tro l led  e lectromechan ical  systems  that  can  talk,  tear,  sweat,  breathe,  and  
man i fest  al l  o f  the  typical l y  measured  physio log ical  “vi tal  s i gns”  of  a  real  human .  Figu re  E . 3  
demonstrates  examples  of  PATIENT  SIMULATION .  

   
IEC 

Figure  E.3  – In fant  manikin  used  in  a  neonatal  care  un i t  simu lator ( left) ,   
test  participant  simu lating  an  auto-in jector (centre)   

and  an  adu l t  manikin  used  in  a  surgery SIMULATION  (right)  

Conducting  h i gh -FIDELITY  SIMULATIONS  i s  expensive  and  thus  shou ld  be  done  selectively,  wi th  
good  preparation ,  and  on ly  by those  wi th  appreciable  experience.  Like  a  USABILITY TEST,  the  
fi rst  s tep  i s  to  create  a  robust  p lan .  S IMULATIONS  are  based  on  “scenarios, ”  wh ich  are  scripts  
that  describe  the  goals  of  the  SIMULATION ,  al l  o f  the  “props”  needed ,  a  s tory or  i nstructions  for  
the  SIMULATION  participan t  (e. g .  a  nu rse  or  a  PATIENT) ,  and  step-by-step  i nstructions  for  the  
eng ineers  runn ing  the  SIMULATION  scenario ,  i nclud ing  what  to  do  at  each  step  when  the  
participant  behaves  i n  d i fferen t  ways.  The  eng ineers  runn ing  the  SIMULATION  and  design  
teams  typical l y view the  participants  du ri ng  the  SIMULATION  from  beh ind  a one-way m i rror 
and/or on  video.  I n  fact,  a  cri ti cal  aspect  of  a  SIMULATION  i s  the  use  of  h igh -qual i ty,  mu l ti -ang le,  
aud io-video  record ing  that  can  often  be  annotated  i n  real  t ime  by the  design  team.  

E.1 7 Standards  reviews 

A standards  review cal l s  for  one  or more  USABILI TY SPECIALISTS  to  assess  a  USER INTERFACE  
accord ing  to  establ i shed  USABILITY ENGINEERING  practi ces,  such  as  those  described  i n  
Reference  [4]  as  wel l  as  style  gu ides.  Standards  reviews are  re lati vely  qu ick and  cost-
effecti ve,  bu t  can  yie ld  on ly a  superficial  understand ing  of  USER  INTERFACE  i ssues  that  are  
better  assessed  by means  of  USABILITY TESTS ,  for example.  Also  see  expert  reviews,  E. 7.  
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Topics  for  i nclus ion  i n to  standards  review i nclude:  

– physical  aspects  of  the  design  (s ize,  weigh t,  form  factor,  etc. ) ;  

– con tro l  requ i rements  ( type  of  con trols,  force  acti vation ,  l im i ts ,  s i ze  and  spacing  
requ i rements,  etc. ) ;  

– i n formation  d isplay requ i rements  ( fon t  s i ze  and  styles,  use  of  co lours,  l ocation  and  
arrangement of  i n formation ,  use  of  abbreviations,  use  of  aud i tory and  tacti l e  d i splays,  etc. ) ;  
and  

– ALARM  SIGNALS  ( l oudness,  use  of  co lour,  ALARM  SIGNAL  i nacti vation ,  where  and  how 
presen ted ,  etc.  

E.1 8 Surveys 

Conducting  a  su rvey (e . g .  adm in istering  a  questi onnai re)  i s  a  fast  and  re lati vely  i nexpensive  
way to  col l ect  i n formation  from  people  who  m igh t  al ready use  a  g i ven  MEDICAL DEVICE  or  m igh t  
use  i t  i n  the  fu tu re.  Surveys  can  be  adm in istered  i n  person ,  over the  phone,  or via  the  I n ternet,  
for  example.  H igh ly  structured  su rveys,  s im i lar  to  h i gh ly structu red  i n terviews,  requ i re  
responden ts  to  answer questions  that  have  a  constrained  l i s t  of  possible  responses.  Less  
structu red  su rveys,  s im i lar  to  l ess  structu red  i n terviews,  al low responden ts  to  g i ve  expansive  
responses  to  open-ended  questions.  

E.1 9  TASK ANALYSIS  

The  goal  o f  a  TASK ANALYSIS  i s  to  develop  an  understand ing  of  how factors  cou ld  faci l i tate  or  
h inder USER  performance.  A TASK ANALYSIS  i s  used  to  study the  i n teractions  between  a  USER  
and  a  MEDICAL DEVICE  to  ach ieve  a  desi red  resu l t.  

A  TASK ANALYSIS  can  decompose  a  TASK  i n to  i ts  sub-TASKS  and  d i screte  steps  and  one  
g raph ical  representation  i s  shown  i n  Figu re  E . 4.  For example,  the  TASK  o f  prog ramming  a  
MEDICAL DEVICE  m i gh t  be  reduced  to  en tering  PATIENT  data,  en tering  a dose  concen trati on ,  
en tering  a  start  t ime,  and  then  con fi rm ing  the  selections.  Once  the  MANUFACTURER has  
generated  a  complete  l i s t  of  s teps  requ i red  to  perform  each  TASK,  fu rther analysis  techn iques  
can  be  appl i ed  to  evaluate  how wel l  USERS  are  able  to  perform  the  steps.  Examples  m igh t  
i nclude  read ing  numbers  on  a  d isplay,  hearing  ALARM  SIGNALS  (perceptual  i npu t) ,  i n terpreting  
the  mean ing  of  an  i con  or  aud i tory ALARM  SIGNAL  (cogn i ti ve  processing )  and  tu rn ing  a  knob  to  
a  particu lar setting  (physical  action ) .  A comprehensive  TASK ANALYSIS  not  on ly  provides  i nsigh t  
i n to  USER  TASKS  that  he lp  the  MANUFACTURER  develop an  appropriate  USER  I NTERFACE  des ign ,  
bu t  al so  provide  the  foundation  for  the  analysis  of  use-related  R ISK.  TASK ANALYSIS  can  also  
aid  i n  the  creation  of  USE  SCENARIOS .  

The  i nd ividual  s teps  i n  the  i n teraction  between  the  USER  and  the  USER  I NTERFACE  are  cal led  
operati ons.  The  functions  are  described  as  nodes  and  sub  nodes.  The  USER  operati on  that  
can  l ead  to  a  USE  ERROR  l ead ing  to  HARM  are  fu rther  analysed.  Figure  E .4  i s  an  example  
h ierarch ical  TASK  analysis .  

Cogn i ti ve  TASK ANALYSIS  focuses  on  USERS ’  cogn i t i ve  PROCESSES  such  as  thei r  men tal  models  
of  MEDICAL DEVICE  operation .  [37]  [38]  The  techn ique  g i ves  MANUFACTURERS  a  sense  for  the  
cogn i ti ve  demands  placed  on  USERS  as  they perform  the  TASKS  that  the  MEDICAL DEVICE  
replaces,  supplements,  or  requ i res.  Cogn i ti ve  TASK ANALYSIS  can  also  be  used  to  evaluate  
how us ing  the  MEDICAL DEVICE  changes  how USERS  th ink about  the  PROCESSES  i nvo lved .  

A TASK ANALYSIS  that  breaks  down  TASKS  to  i den ti fy  the  i nd ividual  s tages  of  perception ,  
cogn i ti on  and  acti on  i s  referred  to  as  PCA analysi s ,  E . 1 5.   
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Figure  E.4  – Example  h ierarch ical  TASK ANALYSIS  

E.20 Time-and-motion  stud ies 

Time-and-motion  stud ies  are  one  of  the  earl i est  techn iques  practiced  rou tinely by USABILITY 

SPECIALISTS  s i nce  the  early  1 900s.  The  techn ique  cal l s  for documenting  USER-MEDICAL DEVICE  
i n teractions  over t ime,  wh ich  can  reveal  what  MEDICAL DEVICE  featu res  and  USE  ENVIRONMENT  
characteristics  faci l i tate  versus  h inder TASKS .  I t  i s  also  an  appropriate  way to  determ ine  i f  
USERS  are  able  to  complete  TASKS  wi th in  the  avai lable  t ime  as  wel l  as  what  TASKS ,  sub-TASKS  
o r  s teps  are  consuming  the  most  t ime  or  possibly  are  being  performed  i n  a  rush .  

E.21  Workload  assessment 

USER  performance  can  be  impai red  by excessively h igh  or  l ow workloads.  MEDICAL DEVICE  u se  
can  affect  workload,  and  workload  can  affect  how USERS  i n teract  wi th  the  MEDICAL 

DEVICE .  [39]  [40]  Workload  assessment ai ds  i n  evaluati ng  or  pred icting  the  worker’s  cogn i ti ve  
capaci ty for add i ti onal  TASKS .  Workload  can  be  measured  using  psycholog ical  techn iques  (e . g .  
subjective  assessments,  perhaps  obtained  wi th  questionnai res) ,  procedural  techn iques  (e. g .  
effects  on  standard ized  performance  metrics) ,  or  physio log ical  techn iques  (e . g .  changes  i n  
heart  rate) .  Workload  assessment methods  general l y  need  to  be  VALIDATED  and  can  be  
techn ical l y  complex and  t ime  consuming  to  perform.  
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Annex F 
( in formative)  

 
USABILITY ENGINEERING  studies in  cl in ical  settings 

F.1  General  

MANUFACTURERS  shou ld  determ ine  i f  the i r  systematic  appl i cation  of  USABILI TY ENGINEERING  
practices  during  the  MEDICAL DEVICE  development  PROCESS  has  generated  su ffi cien t  evidence  
that  i n tended  USERS  are  able  to  i n teract  wi th  a  g i ven  MEDICAL DEVICE  i n  a  safe  manner.  Some  
AHJ  can  requ i re  evidence  that  a  MEDICAL DEVICE ’S  u se-related  RISK  i s  acceptable  before  
perm i tti ng  a  MANUFACTURER  to  market  the  MEDICAL DEVICE .  

Typical l y,  a  SUMMATIVE  EVALUATION  report  provides  evidence  of  acceptable  USABILITY.  Th is  
statement  presumes  that  the  MANUFACTURER ’S  USABILITY TESTS  focused  on  the  appropriate  
HAZARD-RELATED  USE  SCENARIOS .  I f  there  i s  i nsu fficien t  evidence  of  acceptable  use-related  
RISK,  an  AHJ  can  ask a  MANUFACTURER  to  conduct  fo l l ow-on  USABILI TY TESTS  i n  actual  cl i n i cal  
use  to  generate  the  requ i red  evidence.  

I n  most  cases,  SUMMATIVE  EVALUATION  i n  wh ich  participan ts  perform  HAZARD-RELATED  USE  

SCENARIOS  i n  s imu lated  use  cond i ti ons  generate  ample  evidence  of  acceptable  use-related  
RISK,  presuming  that  the  MEDICAL DEVICE  i s  i ndeed  safe  to  use.  However,  i n  some cases,  a  
USABILITY TEST  – even  when  i t  generates  en ti rel y posi ti ve  fi nd ings  – does  not  provide  complete  
assurance  of  a  MEDICAL DEVICE ’S  acceptable  use-related  RISK.  An  assurance  gap  m ight  resu l t  
from  the  MANUFACTURER ’S  i nabi l i ty  to  s imu late  al l  HAZARD-RELATED  USE  SCENARIOS  i nvolving  the  
MEDICAL DEVICE .  I n  parti cu lar,  the  MANUFACTURER  m i gh t  not  be  able  to  s imu late  key aspects  of  
actual  PATIENT  treatment.  Th is  ou tcome  suggests  the  need  to  assess  a  MEDICAL DEVICE ’S  
acceptable  use-related  RISK  when  i t  i s  i n  actual  bu t  l im i ted  use  before  i t  receives  clearance.  

F.2  Sample study in  the  cl in ical  envi ronment 

Assume  the  MEDICAL DEVICE  i s  a  large  vo lume  i n fusion  pump (LVP) .  Al so  assume  that  the  
SUMMATIVE  EVALUATION  was  i nsu fficien t  to  assess  several  RISK CONTROLS ,  i nclud ing  the  abi l i ty  
of  the  ALARM  SYSTEM  to  draw USERS ’  atten tion  i n  noisy and  busy USE  ENVIRONMENTS .  

An  appropriate  fo l l ow-on  study of  actual  MEDICAL DEVICE  u se  cou ld  i nvolve:  

Assign ing  a human  factors  research  team  to  observe  cl i n icians  set  up  and  use  the  LVP  in  
mu l tiple  USE  ENVIRONMENTS ,  i ncl ud ing  operating  rooms,  several  types  of  i n tensive  care  un i ts,  
l ow-acu i ty  un i ts ,  emergency departments,  and  ambu lances.  Such  observations  cou ld  take  
place  over several  days  or weeks  to  produce  a  robust  set  of  RISK-related  observations.  The  
appropriate  study du ration  depends  on  such  factors  as  the  frequency of  MEDICAL DEVICE  u se  
and  the  desi red  number of  USERS  and  use  observations.  Some  of  the  standards  of  care  
appl i ed  du ring  a USABILITY TEST  m igh t  apply wel l .  Speci fi cal l y,  i t  m igh t  be  su ffi cien t  to  observe  
≥  1 5  represen tatives  of  each  d i sti nct  USER  popu lation .  Depend ing  on  the  type  of  MEDICAL 

DEVICE ,  i t  m igh t  be  good  to  observe  each  USER  perform  TASKS  at  l east  2-3  t imes.  However,  i t  
m igh t  be  possible  to  conduct  an  effective  bu t  smal ler  scale  study depend ing  on  the  natu re  of  
the  USER  i n teractions  of  i n terest  that  cou ld  not  be  fu l l y  assessed  by means  of  a  USABILITY TEST.  

Conducting  cl i n ician  i n terviews  as  a  fo l l ow-on  to  the  aforementioned  observations.  Rather 
than  talking  to  a  cl i n ician  wh i le  she  or  he  performs  MEDICAL DEVICE -re lated  TASKS ,  an  i n terview 
cou ld  be  conducted  upon  TASK  completion ,  du ring  a  spare  moment  i n  the  cl i n ician ’s  workday,  
or du ring  a  schedu led  i n terview at  the  end  of  the  cl i n i cian ’s  workday.  

Col lecti ng  objecti ve  and  subjective  data such  as  descriptions  of  USE  ERRORS  and  any 
associated  HARM ,  anecdotal  comments  abou t  a  MEDICAL DEVICE ’S  performance,  and  responses  
to  i n terview questions.  
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The  MANUFACTURER  cou ld  complement  the  above  acti vi t ies  wi th  observations  of  MEDICAL 

DEVICE  train ing  acti vi t ies,  taking  note  of  any USE  ERRORS  and  CLOSE  CALLS .  The  study ou tcome 
cou ld  be  a  standalone  report,  s im i lar  to  a  USABILITY TEST  report,  wh ich  focuses  on  the  
EFFECTIVENESS  o f  the  RISK  CONTROL  measures  re lated  to  USABILITY.  

Fo l l ow-on  stud ies  of  MEDICAL DEVICES  u sed  at  home  are  l i ke ly to  vary from  stud ies  of  MEDICAL 

DEVICES  u sed  i n  heal thcare  envi ronments  ( i . e .  hospi tals ,  cl i n i cs,  physicians’  o ffi ce,  and  rescue  
veh icles) .  For example,  researchers  m igh t  need  to  schedu le  home  vis i ts  to  observe  d i rectl y  
USERS  perform ing  TASKS .  Home vi s i ts  m igh t  be  augmented  by having  MEDICAL DEVICE  USERS  
keep  a  j ou rnal  documenti ng  the  qual i ty  of  the i r  i n teracti ons  wi th  the  evaluated  MEDICAL DEVICE  
and  particu larl y  abou t  any USE  ERRORS  and  CLOSE  CALLS  experienced .  Technology also  
provides  the  option  to  remotely observe  and  i n terview home USERS  as  they i n teract  wi th  the  
MEDICAL DEVICE  o f  i n terest.  As  a  f i nal  s tep  i n  the  fo l l ow-on  human  factors  study,  
MANUFACTURERS  shou ld  analyse  any observed  USE  ERRORS  and  CLOSE  CALLS  i n  the  same  way 
they treat  the  resu l ts  of  a  SUMMATIVE  EVALUATION .  

Any i nvestigation  i nclud ing  human  subjects,  l i ke  PATIENTS  and  med ical  s taff,  s tudy i s  l i kely  to  
requ i re  approval  from  an  i nsti tu tional  review board  or  eth ics  commi ttee,  i n formed  consen t  and  
carefu l  coord inati on  wi th  med ical  care  i nsti tu tions  to  ensure  good  access  to  MEDICAL DEVICE  
USERS  and  proper conduct  accord ing  to  l ocal  pri vacy regu lations.  MANUFACTURERS  are  
rem inded  that  there  i s  a  s tandard  for good  cl i n ical  practice  for cl i n ical  i nvestigation  of  MEDICAL 

DEVICES  for  human  subjects.  [1 8]  [1 9 ]  
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Annex G  
( in formative)  

 
USER PROFILE  

USER  PROFILES  provide  designers  wi th  i n formation  that  they can  use  to  shape  a  MEDICAL 

DEVICE ’S  USER I NTERFACE  such  that  i t  faci l i tates  effective  MEDICAL DEVICE  u se  for  the  people  
who  are  i n tended  to  use  i t .  For example,  speci fyi ng  that  some  USERS  have  m i ld  to  moderate  
dexteri ty  impai rments  wou ld  suggest  design ing  con trols  so  that  thei r  operati on  does  not  
requ i re  fi ne  motor con tro l .  As  another example,  speci fying  that  some  USERS  have  l ow l i teracy 
suggests  re in forcing  text  i nstructions  wi th  i l l ustrations  and  us ing  s imple,  non- techn ical  
term inology i n  ACCOMPANYING  DOCUMENTATION .  

USER  PROFILES  can  be  generated  i n  many d i fferen t  formats  and  levels  of  detai l .  Sometimes,  a  
USER  PROFILES  can  be  described  on  hal f  a  page  of  text  or  by a  bu l leted  l i s t.  One  example  for a  
more  detai led  USER PROFILE  i s  con tained  i n  Table  G . 1 .  

Table  G .1  – Sample  USER  PROFILE  (1  of 2)  

Reg istered  nurses  (practicing  i n  the  USA)  

Occupati onal  
descri pti on  

Reg i s tered  nu rses  (RNs)  work d i rectl y  wi th  PATIENTS  and  the i r  fam i l i es .  They are  the  
primary po i n t  o f  con tact  between  the  PATIENT  and  the  worl d  of  heal thcare,  bo th  at  the  
bedsi de  and  i n  ou t-PATIENT  se tt i ngs .  RNs  perform  frequen t  PATIENT  eval uati ons ,  i n cl u d i ng  
mon i tori ng  and  tracki ng  vi tal  s i g ns ,  perform ing  PROCEDURES  su ch  as  I V  pl acemen t,  
ph l ebotomy,  and  adm in i steri ng  med i cati ons .  Because  the  RN  i s  i n  much  more  regu l ar  
con tact  wi th  PATIENTS  than  are  phys i ci ans ,  the  RN  i s  u sual l y  f i rs t  to  noti ce  probl ems  or  
rai se  concerns  abou t  PATIENT  prog ress .  RNs  devel op  the  day- to -day nu rs i ng  care  pl ans  
both  i n  hospi tal  and  for  care  after  d i scharge  by  PATIENTS ,  the i r  fam i l i es  and  vi s i t i n g  nu rses.  
Wh i l e  there  i s  a  nat i onal  componen t  to  RN  trai n i ng  (cu lm i nati ng  i n  the  NCLEX l i cens i ng  
exam) ,  s tate  l aws  determ i ne  an  RN ’s  formal  responsi bi l i t i es .  Nonethel ess ,  because  o f  the  
re lati vel y  broad  nu rs i ng  j ob  descri pti on  fo r RNs,  the  parti cu lar  work envi ronmen t  
determ i nes  what  the  dai l y  rou t i ne  i s . 3)   

RNs  m i gh t  manage  the  work o f  o ther nu rses ,  i n cl ud i ng  RNs,  l i censed  practi cal  nu rses ,  and  
practi cal  n u rses  (nu rse  ai ds) .  They can  al so  trai n  nu rses  on  the  detai l s  o f  nu rs i ng  practi ce  
and  how to  u se  equ i pment,  servi ng  the  ro l e  of  preceptor.  

Demog raph i c  
characteri s ti cs  

Gender:  Over 93  %  o f  RNs  are  female  and  7  %  are  male .  

Age  range:  (22-65+)  years ,  averag i ng  47  years .  

Educati on :  2 -year  o r  4-year  co l l ege  deg ree  i s  a  m i n imum .  Some  nu rses  have  advanced  
deg rees  (e . g .  Master  o f  sci ence  i n  nu rs i ng )  and  mu l t i pl e  add i t i onal  cert i f i cati ons  (e . g .  
advanced  l i fe  support,  cert i f i cat i on  as  a  cri t i cal  care  nu rse) .  

Phys i cal  
characteri s ti cs  

Hand  l eng th :  95th -percen ti l e  mal e  (40  year  o l d ,  Ameri can ,  2000) :  20 , 6  cm  (8 , 1  i n . )   

H and  l eng th :  5 th -  percen ti l e  female  (40  year o l d ,  J apanese,  2000) :  1 5 , 8  cm  (6 , 2  i n . )   

Both  mal es  and  female  m i gh t  have  l ong  hai r.  

Many females  have  l ong  f i ngernai l s .  

Abou t  8  %  of  mal es  and  0 , 5  % o f  women  have  co l ou r- impai red  vi s i on .  

 

____________ 

3)  Adapted  from  Nu rs i ng  j ob  descri pti ons:  h ttp: //www. studen tdoc. com/nu rs i ng - j ob-descri pti on . h tm l ,  ci ted  201 0-09-
1 6.  
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Table  G .1  (2 of 2)  

Reg istered  nurses  (practicing  i n  the  USA)  

Ski l l s  Usual l y  ski l l ed  at  u s i ng  MEDICAL DEVICES  th at  have  an  embedded  compu ter and  so ftware  
USER  I NTERFACE .  S ti l l ,  a  decreasi ng  proporti on  o f  RNs  are  l ess  comfortabl e  operati ng  
compu ter-based  MEDICAL  DEVICES  than  thei r  younger co l l eagues,  pri nci pal l y  because  they 
are  l ate-adopters  o f  compu ter-based  technol ogy and  d i d  not  “g row up  on  them . ”  

Capable  o f  devel opi ng  accu rate  men tal  model s  o f  moderatel y  complex  software  USER  

I NTERFACES  and  are  l i ke l y  to  devel op  a  moderate  to  h i g h  l evel  o f  ski l l  navi gate  wi th  i t .  

L i ke  other types  o f  nu rses ,  are  i ncl i ned  to  fo l l ow s tandard  operati ng  PROCEDURES .  

Often  devel op  “work-arounds”  to  overcome  repeati ng  problems  and  i neff i ci enci es .  

Typi cal l y  exh i b i t  a  “can -do”  att i tude  regard i ng  the  performance  o f  u n fam i l i ar  TASKS  
because  “someone  has  to  get  ‘ i t ’  done. ”  

Are  sometimes  cal l ed  upon  to  exerci se  creati vi ty  to  deal  wi th  one-of-a-ki nd  d i ff i cu l t i es  and  
do  so  e ffect i vel y.  

Spend  a  cons i derabl e  amoun t  o f  the i r  workday documen ti ng  the i r  work.  

Have  su ffi ci en t l y  g ood  math  ski l l s  to  determ i ne  dose  rates,  for  example .  

Expected  to  speak Eng l i sh  f l uen t l y.  

M i g h t  re l y  too  heavi l y  on  au tomati on ,  especial l y  i f  the  RN  i s  younger  and  l ess  experi enced  
at  manual  techn i ques.  M i gh t  experi ence  d i ff i cu l t i es  i f  they are  th rust  i n to  s i tuat i ons  
requ i ri ng  them  to  perform  TASKS  manual l y.  

Poten ti al  
impai rmen ts  

Some  RNs  – part i cu l arl y  those  i n  thei r  m i d -40s  and  o l der  – can  have  a  reduced  abi l i ty  to  
focus  on  near  obj ects  ( far  s i gh tedness  due  to  one  form  of  presbyopia)  and ,  therefore,  
requ i re  read i ng  g l asses  that  they m i gh t  not  have  them  avai l abl e  at  the  po i n t  o f  PATIENT  
care .  

Some  RNs  – part i cu l arl y  mal es  i n  thei r  earl y  50s  and  o l der  – m i gh t  have  a  prog ress i ve  
deg ree  of  h i gh  frequency heari ng  l oss  ( i . e .  presbycussi s ) ,  wh ich  can  l im i t  sound  percepti on  
to  frequencies  ≤  3  000  Hz.  

Some  RNs  – part i cu larl y  those  i n  thei r  m i d -50s  and  o l der  – m i gh t  have  o f  dexteri ty  and  
s treng th  l im i t i ng  cond i t i ons,  su ch  as  tremor and  arth ri t i s .  

Some  RNs  m igh t  have  m i nor  short- term  memory probl ems  that  are  typi cal l y  a  functi on  of  
advanci ng  age  bu t  not  cons i dered  cl i n i cal l y  s i g n i f i can t  or  an  occupati onal  d i squal i f i cat i on .  

Ol der nu rses  are  l i ke l y  to  have  age-rel ated  presbyopia  (d i ff i cu l ty  focus i ng  on  cl ose  obj ects  
wi thou t  weari ng  correcti ve  l enses) .  

Ol der nu rses  m i gh t  have  some  deg ree  o f  os teoarth ri t i s .  

Performance  
shapi ng  factors  

A  majori ty  o f  RNs  have  a  h i gh  workl oad  that  l eads  them  to  work as  qu i ckl y  as  poss i bl e  and  
mu l t i task.  

RNs  are  taugh t  to  check thei r  work carefu l l y,  such  as  checki ng  the  sett i n gs  en tered  i n to  an  
i n fus i on  pump.  Often ,  they are  requ i red  to  have  a  co l l eague  check thei r  work ( i . e .  perform  
a  doubl e-check) .  

RNs  are  prone  to  pay atten t i on  to  on -product  warn i ngs  when  they are  un fam i l i ar  wi th  a  
MEDICAL DEVICE .  Such  warn i ngs  are  prone  to  become  “ i nvi s i b l e”  after  a  short  peri od  of  
habi tuati on .  

As  e ffect i ve  t ime  managers,  RNs  tend  to  l earn  as  much  abou t  how to  use  a  MEDICAL DEVICE  
as  needed  to  “make  i t  work”  i n  the  expected  USE  SCENARIOS .   

For  th i s  reason ,  they become  masters  at  the  frequen t  TASKS  and  m i gh t  remain  re l at i ve  
novi ces  o r  on l y  moderate l y  ab le  and  con f i den t  at  perform i ng  i n frequen t  TASKS ,  some  of  
wh i ch  m i g h t  be  l i fe-cri t i cal .  

Learn i ng  s tyl e  Most  RNs  prefer  to  l earn  to  use  new MEDICAL  DEVICES  by  be i ng  shown  how i t  works  by  a  
knowledgeable  co l l eague  or  MANUFACTURER ’S  represen tati ve.  

I n -servi ce  trai n i ng  sess i ons  typi cal l y  l asts  20  m i n  to  40  m i n  and  m i gh t  i nvol ve  a  l im i ted  
deg ree  of  hands-on  u se  o f  the  g i ven  MEDICAL  DEVICE  d ue  to  the  number  o f  nu rses  attend i ng  
i nd i vi dual  sess i ons .  

A  l im i ted  proport i on  o f  RNs  wi l l  take  the  t ime  to  thorough l y  read  a  MEDICAL DEVICE ’S  
ACCOMPANYING  DOCUMENTATION .  They are  more  l i ke l y  to  refer  to  an  ACCOMPANYING  

DOCUMENTATION  o r  ask a  co l l eague  for  he l p  when  they are  deal i ng  wi th  a  probl em  that  they  
cannot  resol ve  by immed iate ,  d i rect  acti ons.  

RNs  val ue  qu i ck re ference  and  troubl eshooti ng  g u i des  to  deal  wi th  common  and  complex  
probl ems.  
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Annex H  
( in formative)  

 
USE ENVIRONMENT  descriptions 

USE  ENVIRONMENT  descriptions  provide  designers  wi th  i n formation  they can  use  to  shape  a  
MEDICAL DEVICE ’S  USER INTERFACE  to  faci l i tate  effecti ve  MEDICAL DEVICE  u se  i n  the  expected  
USE  ENVIRONMENTS .  For example,  an ti cipating  that  some  USERS  operate  a  MEDICAL DEVICE  i n  
d im  l i gh ting  cond i t ions  wou ld  suggest  backl igh ti ng  a  MEDICAL DEVICE ’S  d i splay and  placing  
l arger- than-usual ,  h igh  con trast  labels  on  i ts  manual  con tro ls .  As  another example,  
an ti cipating  that  some  USERS  operate  a  MEDICAL DEVICE  i n  a  noisy envi ronment wou ld  suggest  
provid ing  visual  ALARM  SIGNALS  as  wel l  as  aud i tory ALARM  SIGNALS  that  are  su ffi cien tl y l oud  or  
d i stincti ve  to  preven t  those  sounds  from  being  d i ffi cu l t  to  d istingu ish  from  the  ambien t  noise.  

USE  ENVIRONMENTS  can  be  generated  i n  many d i fferen t  formats.  One  example  format for  a  USE  

ENVIRONMENT i s  con tained  i n  Table  H . 1 .  

Table  H .1  – Sample  USE ENVIRONMENT  (1  of 2)  

I n tensive  care  un i t  

Arch i tectu ral   A  majori ty  o f  i n tens i ve  care  un i ts  cons i s ts  o f  a  cen tral  c l i n i c i an  workstati on  su rrounded  by  
PATI ENT  rooms  or  bays .  

A  cen tral  c l i n i ci an  workstati on  u sual l y  has  coun ters  and  desks  to  serve  as  stand i ng  and  
s i tt i ng  workstati ons,  respecti ve l y.  

F l oors  are  u sual l y  covered  by  smooth  t i l e  or  vi nyl .  

Equ ipment,  
fu rn i tu re ,  and  
suppl i es  

PATIENT  rooms  or  bays  are  typi cal l y  equ i pped  wi th  a  movable  hospi tal  bed ,  an  over-bed  
table ,  and  one  o r  more  chai rs  to  accommodate  vi s i tors .   

Headwal l s  provi de  med i cal  gases  (e . g .  ai r,  oxygen ) ,  e l ectri cal  receptacl es ,  moun ti ng  po i n ts  
or  shel ves  for  equ i pmen t  (e . g .  mu l t i -parameter PATIENT  mon i tor) ,  and  s torage  for  
emergency suppl i es.   

Equ ipment  i s  o ften  exposed  to  rough  hand l i ng  du ri ng  emergenci es.  

Equ ipment  m i gh t  be  spl ashed  wi th  f l u i ds  (e . g .  b l ood ,  u ri ne,  I V  so l u t i ons,  c l ean i ng  
so l u ti ons) .  

Personnel  A  cen tral  s tat i on  can  be  occupi ed  by  mu l t i pl e  phys i ci ans ,  nu rses ,  and  n u rse  ass i s tan ts .   

Add i t i onal  h ospi tal  personnel ,  such  as  techn i ci ans  and  PATIENT  t ransporters,  en ter  and  exi t  
an  i n tens i ve  care  un i t  frequen tl y.  

PATIENTS  can  have  mu l t i p l e  vi s i tors  (e . g .  fam i l y  members ,  fri ends)  of  any age.  

Li gh ti ng   At  vari ous  t imes  o f  day,  a  PATIENT  room  or  bay can  be  bri gh t l y  l i t  (e . g .  1 50  l x) ,  l ess  bri g h t l y  
l i t  (e . g .  50  l x  to  1 00  l x) ,  o r  d im l y l i t  (e . g .  1 0  l x)  such  as  du ri ng  med i cal  PROCEDURES  
performed  at  the  beds i de ,  dayt ime  care,  and  n i gh t  t ime  care,  respecti ve l y.   

Overhead  l i g h t i ng  i s  o ften  complemen ted  wi th  headwal l  l i g h ts.   

Some  i n tens i ve  care  un i ts  recei ve  d i rect  sun l i g h t  vi a  wi ndows  and  skyl i g h ts .  

Noise  Sound  l evel  vari ance  i s  part l y  a  functi on  o f  the  t ime  of  day,  daytime  u sual l y  be i ng  a  no i s i er  
t ime  o f  day than  n i gh t  t ime.   

S teady backg round  ( i . e .  ambien t)  no i se  sou rces  i ncl ude  peopl e  commun icati ng  and  movi ng  
th roughou t  the  i n tens i ve  care  un i t,  ven ti l ati on  no i se,  overhead  pages,  vari ous  MEDICAL  

DEVICES ,  and  te l evi s i ons.  

Ambien t  sound  l eve l  range  at  the  cen tral  s tat i on  i s  normal l y  50  dBA to  70  dBA.   

Ambien t  sound  l eve l  range  i n  a  PATI ENT  room  or  bay i s  normal l y  50  dBA to  65  dBA.   

Cl imate  Temperatu re  range  i s  normal l y  1 8  °C  to  21  °C.  

Re lati ve  hum id i ty  range  i s  normal l y  1 0  % to  50  %  

Poten ti al  
d i s tracti ons  

Personnel  m i gh t  be  d i s tracted  by  PATIENT  care  emergenci es ,  hal lway meeti ng ,  te l ephone  
cal l s ,  overhead  pages,  and  other  even ts .  
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Table  H .1  (2 of 2)  

I n tensive  Care  Un i t  

Photos  

 
Cen tral  workstati on  ( l e ft )  and  i n tens i ve  care  un i t  bay ( ri g h t)  
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Annex I  
( in formative)  

 
USER INTERFACE REQUIREMENTS  

USER  INTERFACE  REQU IREMENTS  are  derived  from  USER  needs  and  are  used  to  prescribe  a  USER 

INTERFACE  design  that  meets  human  factors  design  principles,  such  as  those  found  i n  
s tandards  and  textbooks.  Presumably,  development  teams  treat  USER I NTERFACE  

REQU IREMENTS  i n  the  same  manner as  other requ i rements,  such  as  those  establ i shed  for  
power systems,  e lectron ic  ci rcu i ts,  and  software  code.  

Sample  USER INTERFACE  REQU IREMENTS  are  con tained  i n  Table  I . 1 .  

Table  I . 1  – Sample  USER INTERFACE  REQUIREMENTS  

USER  INTERFACE  e l ement  Expressed  USER  need  USER  INTERFACE  REQUIREMENT  

Con tro l  panel  bu ttons  Bu ttons  shou ld  be  l arge  enough  so  
that  you  do  not  h i t  the  wrong  one  
acci den tal l y.  

Con tro l  pane l  bu ttons  shou l d  be  at  
l east  1 , 5  cm  tal l  and  wi de.  

Con tro l  pane l  bu ttons  shou l d  be  
spaced  at  l east  2  cm  apart  
(measu red  cen tre- to-cen tre) .  

D i splay  I  wou l d  l i ke  the  most  importan t  
parameters  to  s tand  ou t  so  I  can  
read  them  from  a  d i stance.  

Primary treatmen t  parameters  shal l  
be  l eg ib l e  from  a  d i stance  o f  6  m  
( i . e .  across  the  room) .   

Hand le  I  wou l d  l i ke  the  su rg i cal  
i ns trumen t’ s  hand l e  to  f i t  my smal l  
hand .  

The  hand le  shal l  accommodate  
USERS  wi th  vari ous  s i ze  hands  
( rang i ng  from  the  f i rst-percen ti l e  
female  to  the  n i nety-n i n th -
percenti l e  mal e  i n  terms  o f  hand  
l eng th  and  bread th ) .  

Menu  opti ons  I t  wou l d  be  good  i f  the  cu rren tl y  
se l ected  menu  i tem  was  h i gh l i g h ted  
i n  some  way or  another to  be  
d i s ti nct .  

H i gh l i gh t  the  cu rren tl y  se l ected  
opti on  i n  a  l i s t  o f  opti ons .  

On -screen  i n formati on  I  wan t  to  be  able  to  te l l  th e  
d i fference  ri g h t  away between  
i n formati on  that  I  am  j u st  supposed  
to  read  versus  do  someth i ng  wi th .  

D i fferen ti ate  read-on l y d i spl ays  
from  those  that  al l ow USERS  to  ed i t  
data.  

On -screen  i n formati on  I  wou l d  l i ke  to  l ook at  the  screen  
and  see  how much  more  t ime  i s  l e ft  
i n  the  treatment.  

The  treatmen t  t ime  remai n i ng  shal l  
be  d i spl ayed  con ti nuous l y on  the  
mai n  mon i tori ng  screen  ( the  resti n g  
screen  that  appears  wh i l e  the  
equ ipmen t  i s  runn i ng  
i ndependen tl y) .  

Package  pu l l - tab  I t  shou ld  be  obvious  how to  open  
the  ou ter  p l ast i c  package  to  access  
the  tubi ng  set.   

The  ou ter  package  shou l d  have  a  
l arge,  vi sual l y  conspi cuous  pu l l -
tab.  

Qu i ck reference  card  I  do  not  l i ke  to  have  to  read  l ong  
i ns tructi ons  for u se  to  l earn  abou t  
the  bas i c  s teps.  I  prefer  to  skim  a  
card  that  bri efl y  and  g raph i cal l y  
te l l s  me  what  I  need  to  know.  

A  qu i ck re ference  card  shou ld  
i ns truct  USERS  h ow to  perform  
frequen t  and  importan t  TASKS .  

A  qu i ck reference  card  shou ld  
provi de  i ns tructi ons  i n  bo th  
g raph i cal  and  textual  fo rms.  

Scro l l i ng  menus  I  do  not  l i ke  to  have  to  scro l l  down  
l ong  l i s ts .  I t  takes  up  t ime  and  i s  
annoyi ng .   

P resen t  at  l east  fou r  menu  opti ons  
at  a  t ime  on  a  scro l l i ng  menu .  
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Annex J  
( in formative)  

 
Model  the USER INTERFACE   

J .1  General   

Best USABILITY ENGINEERING  practice calls for the early and frequent participation of end-USERS  
in the USER INTERFACE design PROCESS.  Building a series of increasingly sophisticated USER 
INTERFACE models as a design evolves from the preliminary to near-final stage is an essential 
step toward meeting this goal.  Moreover,  many USER INTERFACE designers find that they do 
well to build prototypes as they design,  enabling them to get a feel for a USER INTERFACE’S  
dynamic characteristics and adjust them as needed.  

J .2  Develop prel iminary prototype(s)  

An early USER INTERFACE prototype can take several forms depending on whether it is a 
hardware device,  software application,  or hybrid.  MEDICAL DEVICE’S  incorporating a software 
USER INTERFACE (e.g.  PATIENT monitors,  infusion pumps,  glucose meters) can be presented in 
the form of a paper-based “storyboard” or a computer-based slideshow (e.g.  slide 
presentation),  perhaps complemented by a non-working hardware model (i.e.  what industrial 
designers call a block model).  A computer-based slideshow enables the MANUFACTURER to 
incorporate some dynamic effects,  such as moving between screens in response to selecting 
onscreen targets and dynamically updating certain onscreen information.  Hardware-only 
MEDICAL DEVICES  are readily presented to USERS  in the form of the aforementioned block 
models,  which might be hand-made using high-density foam or wood or 3-D printed.  

Noting that limited prototypes,  such as those described above,  are usually adequate to serve 
their intended purpose,  MANUFACTURERS  might find it just as easy to produce higher FIDELITY 
prototypes.  Building better (i.e.  higher FIDELITY)  prototypes can produce better results,  but 
care needs to be taken to ensure that the development team does not exclude considering 
any promising design options prematurely because the prototyping effort would be too 
expensive.  

J .3  Develop a  refined  prototype 

As a design matures,  the prototypes usually do too,  typically taking the form of increasingly 
interactive electronic prototypes (i.e.  computer-based SIMULATIONS)  and physical models that 
might have some working parts.  The advantage of using a modelling tool (e.g.  Adobe Flash,  
Microsoft PowerPoint,  Microsoft Visual Basic) as opposed to the final development tool is that 
it usually speeds up the prototyping effort and enables rapid design iteration without concern 
for discarding software code that took a lot of programming effort.  Figure J.1  demonstrates 
software prototyping of a USER INTERFACE.  

As a design becomes more refined,  prototype refinement should keep up to support effective 
design reviews and USABILITY TESTS.  For example,  refined prototypes might have more 
advanced capabilities such as: 

– fully functional menus; 

– automatically updating data fields; 

– carefully timed transitions from screen to screen; 

– virtual hardware controls that switch position; and 

– accurate auditory ALARM SIGNALS.  



I EC  TR  62366-2:201 6  © I EC  201 6  – 93  – 

  

Figure  J .1  – USER INTERFACE  designers  using  prototyping  software 
to  bu i ld  and  test  a  USER  INTERFACE  

J .4  Develop a  speci fication  prototype 

Near the end of the software USER INTERFACE development PROCESS,  the MANUFACTURER can 
abandon SIMULATION in favour of having USERS  interact with and provide feedback on a 
working version of the actual software that is embedded in representative hardware.  However,  
there might still be considerable value in building a specification prototype that illustrates the 
final design’s appearance and interactive characteristics.  Such prototypes can be an excellent 
asset,  enabling MANUFACTURERS  to view USER INTERFACES  as the designers intend them to 
look and function,  and reducing the chance that the concept is misinterpreted or details that 
are difficult to communicate in writing alone are overlooked.  

J .5  Prepare a  style  gu ide 

A style guide can be an effective means to document the rules governing a particular USER 
INTERFACE design effort.  Its purpose is to promote USER INTERFACE design consistency in 
altogether new designs and future modifications to them.   

Style guide content can include: 

– design rationale; 

– CONCEPTUAL MODEL DIAGRAM and description; 

– USER INTERFACE structure diagram and description; 

– software USER INTERFACE design rules and examples; 

– screen templates; 

– dynamic effect descriptions; 

– hardware USER INTERFACE design rules and examples; 

– control panel layouts; 

– USER  support and feedback rules; 

– font types and sizes; 

– colour palette; 

– icon/symbol library; and 

– nomenclature (i.e.  standard terminology).  
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Annex K 
( in formative)  

 
USABILITY TEST  sample size 

Th is  Annex describes  considerati ons  for  se lecting  sample  s i ze  for  USABILITY TESTS .  I t  depicts  
sample  s ize  recommendations  i n  both  g raph ical  and  table  based  forms.  The  main  perspective  
i s  to  show the  basis  for  sample  s ize  for  USABILITY TESTS  for  FORMATIVE  EVALUATION ,  bu t  also  to  
offer  rational i zation  for  test  sample  s ize  for  USABILITY TESTS  for  SUMMATIVE  EVALUATION .  

Table  K. 1  shows  g raph ical l y  the  exponen tial  decrease  of  the  cumu lati ve  probabi l i ty  of  
detected  problems  as  the  number of  parti cipan ts  i ncreases  when  sample  s ize  i s  g reater than  
1 0 .  Annex L  provides  add i ti onal  i n formation  for  i den ti fying  d isti nct  USER  GROUPS .  

NOTE  1  MANUFACTURERS  are  d i scou raged  from  perform i ng  power anal yses  to  determ ine  sample  s i zes  because  
USABI LI TY TESTING  and  the  resu l t i n g  data  are  not  parti cu l arl y  wel l  su i ted  to  stat i s ti cal  anal yses.  Rather,  the  s tandard  
practi ce  i s  to  exam ine  al l  test  f i nd i ngs  to  determ ine  i f  there  i s  a  need  for des i gn  improvemen t,  d i sregard i ng  the  
s tati s ti cal  s i g n i f i cance  o f  even ts  (e . g .  USE  ERRORS ) .  

Another benefi t  o f  i terative  design  i s  that  mu l tiple  rounds  of  FORMATIVE  EVALUATION  effecti vely 
i ncrease  cumu lati ve  sample  s i ze  and  con fidence  i n  detecting  USABILITY  defects.  The  i terati ve  
improvements  i n  design  th rough  FORMATIVE  EVALUATIONS  are  another j usti fi cation  for  smal ler  
SUMMATIVE  EVALUATION  sample  s izes.  

One  example  of  perform ing  a  quanti tati ve  USABILI TY TEST  for  FORMATIVE  EVALUATION  i s  a  test  
that  compares  two  or  more  al ternative  designs  (e. g .  d i splay type  or  ALARM  SIGNALS ) .  I n  th is  
case,  a  l arger sample  s i ze  wi th  the  statistical  power to  detect  USER  performance  d i fferences  
can  be  needed  to  make  re l iable  design  al ternative  decis ions.  

Table  K. 1  i l l ustrates  the  probabi l i ty  of  observing  at  l east  one  i nstance  of  a  USE  ERROR  as  a  
function  of  sample  s i ze  and  underlying  popu lation  USE  ERROR  rates.  The  underlying  popu lation  
USE  ERROR  rate  can  never be  known  and  has  to  be  estimated .  Th is  table  i s  an  adaption  of  a  
s im i lar  table  AAMI  HE75.  [4]  The  principles  apply  to  sample  s izes  for  USABILITY  TESTS  for  both  
FORMATIVE  and  SUMMATIVE  EVALUATIONS .  

Table  K. 1  was  generated  from  Equation  (K. 1 ) .  

 R  =  1  – (1  – P)n  (K. 1 )  

where   

R   i s  the  cumu lative  probabi l i ty  of  observing  or  detecting  a  USABILITY  problem  (see  
Fi gu re  K. 1 ) ,  

P   i s  the  probabi l i ty  of  a  s i ng le  test  parti cipan t  having  a  USABILITY  problem  (or the  underlyi ng  
USABILI TY  defect  probabi l i ty) ,  and   

n   i s  the  number of  test  parti cipants  i n  the  evaluation .  
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Key  

R  Cumu lat i ve  probabi l i ty  o f  detecti ng  a  USABI LI TY  p robl em  

N N umber of  test  part i ci pan ts  i n  the  evaluati on  

NOTE  R  i s  g enerated  from  Equati on  (K. 1 ) .  As  shown ,  i t  u ses  the  underl yi ng  probabi l i ty  o f  a  s i ng l e  USABILI TY TEST  
part i ci pan t  showi ng  a  USABILI TY  probl em ,  P,  o f  0 , 25.  

Figure  K.1  – Number of  test  participants  needed  in  a  USABILITY TEST  
for  FORMATIVE  EVALUATION  

Table  K. 1  i l l ustrates  how smal l  sample  s izes  can  be  used  satisfactori l y  to  i den ti fy  USABILITY  
defects.  I t  shows  the  cumu lati ve  probabi l i ty  of  a  USABILITY  defect  ( the  i nstance  of  a  USE  ERROR  
bei ng  commi tted)  being  detected  i n  a  USABILITY TEST,  g i ven  the  underlying  probabi l i ty  that  a  
s ing le  test  parti cipant  wou ld  show a particu lar problem  for a  g i ven  TASK.  Th is  table  appl ies  to  
al l  kinds  of  popu lations  and  types  of  USABILI TY TESTS .  For  example,  i f  the  underlying  (assumed  
true  popu lati on  value)  probabi l i ty of  a  s i ng le  test  parti cipant  having  a  USABILITY  problem  i s  
0 , 25,  then  the  cumu lative  probabi l i ty  of  detection  i s  0 , 82  wi th  s i x  test  participan ts.  Again ,  
many USABILI TY  defects  can  be  d i scovered  i n  FORMATIVE  EVALUATIONS  wi th  sample  s izes  i n  the  
range  of  f i ve  to  e igh t  participan ts.  When  sample  s ize  reaches  1 5,  the  probabi l i ty  of  detecting  
at  l east  one  occurrence  of  a  USABILI TY  defect  i ncreases  to  0 , 91  i f  the  underlying  probabi l i ty  for 
one  participan t  i s  as  l ow as  0 , 1 5.  The  main  po in t  o f  th i s  table  i s  not  to  suggest  that  large  
sample  s izes  of  1 00  are  always  needed  for  USABILITY TESTS ,  bu t  on ly  that  there  are  trade-offs  
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that  need  to  be  considered  when  using  various  sample  s izes.  Fu rther considerations  on  the  
use  of  s tati stics  for  determ in ing  USABILI TY TEST  sample  s ize  can  be  found  i n  Annex A of  
AAMI  HE75:2009  [4]  as  wel l  as  references  [30] ,  [41 ] ,  [42]  and  [43] .  

NOTE  2  At  l east  one  AHJ  recommends  i ncl ud i ng  1 5  part i ci pan ts  per  d i s t i nct  USER GROUP  i n  a  USABILI TY TEST  fo r  
SUMMATIVE  EVALUATION .  [44]  

Table  K.1  – Cumulative probabi l i ty of  detecting  a  USABILITY  problem  

Values  i n  % 

USABILITY  
defect  

probabi l i ty 
of  

occurrence 

Number  of  test  part i c ipants  

1  2  3  5  6  7  8  1 0  1 5  20  25  50  75  1 00  

1 , 0  1  2  3  5  6  7  8  1 0  1 4  1 8  22  39  53  63  

3 , 0  3  6  9  1 4  1 7  1 9  22  26  37  46  53  78  90  95  

5 , 0  5  1 0  1 4  23  26  30  34  40  54  64  72  92  98  99  

1 0  1 0  1 9  27  41  47  52  57  65  79  88  93  99  1 00  1 00  

1 5  1 5  28  39  56  62  68  73  80  91  96  98  1 00  1 00  1 00  

25  25  44  58  76  82  87  90  94  99  1 00  1 00  1 00  1 00  1 00  

50  50  75  88  97  98  99  1 00  1 00  1 00  1 00  1 00  1 00  1 00  1 00  

75  75  94  98  1 00  1 00  1 00  1 00  1 00  1 00  1 00  1 00  1 00  1 00  1 00  

90  90  99  1 00  1 00  1 00  1 00  1 00  1 00  1 00  1 00  1 00  1 00  1 00  1 00  
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Annex L 
( in formative)  

 
Identi fying  d istinct  USER  g roups 

A USABILI TY TEST  cal l s  for a  sample  of  representati ve  USERS  to  i n teract  wi th  a  g i ven  MEDICAL 

DEVICE .  Test  p lanners  need  to  select  a  sample  that  yi elds  h igh -qual i ty  f i nd ings  wh i le  being  
l im i ted  i n  s i ze  to  save  resources.  

Because  the  sample  of  represen tati ve  USERS  shou ld  i nclude  al l  i n tended  USER  g roups,  
MEDICAL DEVICE  MANUFACTURERS  need  to  determ ine  the  number of  d i sti nct  USER  popu lations  for 
a  g i ven  MEDICAL DEVICE  before  determ in ing  how many represen tative  USERS  to  engage  i n  a  
USABILITY TEST.  Annex K con tains  add i tional  i n formation  regard ing  sample  s i zes.  

A test  p lanner m igh t  conclude  that  al l  MEDICAL DEVICE  USERS  f i t  i n to  one  d i stinct  USER  
popu lation :  people  who  use  the  g iven  MEDICAL DEVICE .  I n  some cases,  th i s  conclusion  m igh t  
reflect  the  desi re  to  conduct  the  smal lest,  l east  expensive  USABILITY TEST  rather than  a  l arger,  
more  expensive  USABILITY TEST that  reflects  the  true  d ivers i ty of  i n tended  MEDICAL DEVICE  
USERS .  More  often ,  a  USER  popu lation  has  several  sub-popu lations  that  are  easy to  
d i fferen tiate  when  consideri ng  the  i n tended  USERS ’  occupational  backgrounds,  expected  
knowledge  and  ski l l  l evels,  and  MEDICAL DEVICE  u se  patterns.  Sample  USER  g roups  (sub-
popu lations)  associated  wi th  various  types  of  MEDICAL DEVICES  i nclude  the  fo l lowing .  

EXAMPLE  1  1  USER  GROUP :  t rai ned  physi ci ans;  

EXAMPLE  2  2  USER  GROUPS :  trai ned  nu rses ,  u n trai ned  nu rses ;  

EXAMPLE  3  3  USER  GROUPS :  asymptomati c  adu l ts ,  symptomati c  adu l ts ,  l ay  careg i vers;   

EXAMPLE  4  4  USER  GROUPS :  phys i ci ans ,  nu rses  worki ng  i n  h i gh  acu i ty  sett i ngs  (e . g .  i n tens i ve  care  un i ts ) ,  n u rses  
worki ng  i n  l ow-acu i ty  se tt i ng s  (e . g .  med i cal /su rg i cal  u n i ts ) ,  PATIENTS ;  

EXAMPLE  5  5  USER  GROUPS :  ch i l d ,  ado lescen t,  adu l t ,  e l derl y,  heal thcare  profess i onal  (PATIENT  educator) ;  and  

EXAMPLE  6  6  USER  GROUPS :  adu l ts  wi th  no  impai rmen ts ,  adu l ts  wi th  vi sual  impai rmen ts,  adu l ts  wi th  heari ng  
impai rmen ts ,  adu l ts  wi th  dexteri ty  impai rments,  adu l ts  wi th  m i l d  cogn i t i ve  impai rmen ts,  l ay  careg i vers.  

The  USER  PROFILES  developed  earl y i n  the  USABILITY ENGINEERING  progress  can  be  used  to  
support  USER  GROUP  defi n i t i on  decis ions  for  USABILI TY TESTING .  
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I ndex of  defined  terms 

NOTE  The  I SO On l i ne  Browsing  P l atform  (OBP) 8  and  the  I EC  E l ectroped i a 9  provi de  access  to  many of  these  
terms  and  defi n i t i ons .   

ACCESSORY  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   3. 1  

ACCOMPANYING  DOCUMENTATION  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   I EC  62366-1 :201 5,  3.2  

ADVERSE  EVENT  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 . 2  

ALARM  CONDITION   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 . 3  

ALARM  LIM IT  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   3.4  

ALARM  SIGNAL  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   3.5  

ALARM  SYSTEM   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   3.6  

CLOSE  CALL  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 . 7  

CONCEPTUAL MODEL D IAGRAM   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   3.8  

CORRECT USE   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   I EC  62366-1 :201 5,  3.3  

EFFECTIVENESS   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   I EC  62366-1 :201 5,  3.4  

EFFICIENCY  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   I EC  62366-1 :201 5,  3.5  

FIDELITY  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   3.9  

FORMATIVE  EVALUATION   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   I EC  62366-1 :201 5,  3.7  

FUNCTION  ANALYSIS   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   3. 1 0  

HARM   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   ISO 1 4971 :2007,  2.2  

HAZARD   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   ISO 1 4971 :2007,  2.3  

HAZARD-RELATED  USE  SCENARIO  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   I EC  62366-1 :201 5,  3.8  

HAZARDOUS  S ITUATION   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   ISO 1 4971 :2007,  2.4  

I NTENDED  USE   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   ISO 1 4971 :2007,  2.5  

KNOWLEDGE  TASK STUDY  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 . 1 1  
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