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i i  

CIE  Techn ical  Notes  (TN)  are  concise  in formative  techn ical  papers,  wh ich  ei ther have  been  
prepared  by a  TC,  i n  wh ich  case  they wi l l  usual ly form  on ly a  part  of the  ou tpu ts  from  that TC,  
or through  the  auspices  of a  D ivis ion  Reportersh ip.  

Th is  Techn ical  Note  has  been  prepared  by CIE  D ivis ion  Reportersh ip  2-75  of D ivis ion  2  
“Physical  Measurement of Ligh t and  Rad iation " .  I t  has  been  approved  by the  Board  of 
Admin istration  and  D ivis ion  2  of CIE.  The  document reports  on  curren t knowledge  and  
experience  wi th in  the  speci fic fi eld  of l i gh t and  l i gh ting  described ,  and  i s  i n tended  to  be  used  
by a l l  wi th  an  i n terest i n  excel l ence  in  l i gh t and  l i gh ting .  The  i n formation  provided  here  i s  
advisory,  and  not mandatory.  

Any mention  of organ izations  or products  does  not imply endorsement by the  CIE.  Wh i lst every 
care  has  been  taken  i n  the  compi lation  of any l i sts,  up  to  the  time  of going  to  press,  these  may 
not be  comprehensive.   
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Summary 

Th is  Techn ical  Note  provides  gu idance  on  the  correct use  of the  terms  "accuracy",  "error" ,  
" to lerance",  " reproducibi l i ty" ,  and  "repeatabi l i ty"  i n  re lation  to  the  properties  and  speci fications  
of testing  and  measurement i nstruments  on  the  one  hand ,  and  the  terms  "error"  and  
"uncertain ty",  and  a  measurement i nstrument’s  sensi ti vi ty i n  relation  to  a  measurement process  
or a  ca l ibration  on  the  other hand .  I t  a lso  summarizes  the  concepts  of qual i ty i nd ices  and  
to lerance  in tervals  and  provides  gu idance  for acceptable  methods  of speci fying  the  
performance of equ ipment and  for expressing  speci fications  for the  requ i rements  of equ ipment 
to  be  used  for a  speci fic purpose.  Th is  wi l l  be  of assistance  to  equ ipment manufacturers  in  
producing  brochures,  manuals,  and  datasheets  as  wel l  as  tender speci fication  wri ters  i n  
producing  techn ical  speci fications  for procurement of equ ipment that use  the  above  terms  
correctly.  

1  In troduction  

Many measurement i nstruments  have  techn ical  speci fications  and  datasheets  that say,  for 
example,  “Accuracy:  4  %”.  Th is  i s  an  i nappropriate  use  of the  term  “accuracy”  because,  as  
described  in  4 . 1  of th is  document,  an  “accuracy”  i s  not a  quan ti ty and  cannot be  assigned  a  
value.  Th is  document describes  how to  use  the  term  “accuracy”  correctly,  as  wel l  as  g i ving  
examples  of acceptable  expressions  that  cou ld  be  used  in  p lace  of the  i ncorrect expression  
used  i n  the  example  here.  Furthermore,  some other common ly m isused  terms  are  d iscussed ,  
and  examples  of correct use  are  g iven .  

The  primary reference  used  for the  defin i ti ons  of these  terms  i s  the  I n ternational  Vocabu lary of 
Metrology (VIM),  wh ich  i s  produced  by the  Join t Commi ttee  for Gu ides  in  Metrology (JCGM  
201 2a).  For the  accepted  defin i ti ons  of these  terms  and  selected  other related  terms,  extracted  
from  the  VIM ,  p lease  refer to  Clause  2 .  The  remain ing  clauses  g ive  a  more  practical  
i n terpretation  of these  terms  and  describe  correct use.  

However,  the  terms  "accuracy" ,  " to lerance",  "reproducibi l i ty" ,  and  "repeatabi l i ty"  as  defined  i n  
the  VIM  are  assigned  to  measurement i nstruments  or test procedures  and  do  not necessari l y 
g i ve  a  rel iable  i n formation  abou t the  “correctness”  of a  measurement resu l t  i n  general .  The  
rel iabi l i ty of measurements  i s  deal t  wi th  i n  the  “Gu ide  to  the  expression  of uncertain ty i n  
measurement”  (GUM)  (JCGM  2008).  Th is  i s  importan t to  mention ,  as  the  uncertain ty of a  
measurement a lways  depends  add i tion al l y on  envi ronmental  parameters  and  other factors  
i n fluencing  the  whole  measurement process.  From  th is  i t  fol lows  that uncertain ty cannot be  
appoin ted  to  a  s ing le  measurement device  bu t to  a  measurement value.  

2  Defin i tions  

2.1   
measurement accuracy 
accuracy of measurement  
accuracy 

closeness  of agreement between  a  measured  quan ti ty value  and  a  tru e  quan ti ty value  of a  
measurand  

NOTE  1  The  concept ‘measurement accuracy’  i s  not  a  quan ti ty and  i s  not g iven  a  numerical  quan ti ty 
value.  A measurement i s  sa id  to  be  more  accurate  when  i t  offers  a  smal l er measurement error.  

NOTE  2  The  term  “measurement accuracy”  shou ld  not  be  used  for measurement trueness  and  the  term  
“measurement precis ion”  shou ld  not be  used  for ‘measurement accuracy’ ,  wh ich ,  however,  i s  
re lated  to  both  these  concepts.  

NOTE  3  ‘Measurement accuracy’  i s  sometimes  understood  as  closeness  of agreement between  
measured  quan ti ty values  that are  being  attribu ted  to  the  measurand .  
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NOTE  4  Rigorously speaking ,  and  accord ing  to  the  GUM,  the  true  quan ti ty value  of a  measurement i s  
a lways  unknown .  

[Source:  JCGM  200:201 2,  Term  2 . 1 3 ;  Note  4  added ]  

2.2  
measurement trueness  
trueness  of measurement  
trueness  

closeness  of agreement between  the  average  of an  i n fin i te  number of repl icate  measured  
quan ti ty values  and  a  reference  quanti ty value  

NOTE  1  Measurement trueness  i s  not  a  quan ti ty and  thus  cannot be  expre ssed  numerical l y,  bu t  
measures  for cl oseness  of agreement are  g iven  i n  I SO  5725.  

NOTE  2  Measurement trueness  i s  i nversely related  to  systematic measurement error,  bu t  i s  not re lated  
to  random  measurement error.  

NOTE  3  “Measurement accuracy”  shou ld  not be  u sed  for ‘measurement trueness’ .  

[Source:  JCGM  200:201 2,  Term  2 . 1 4]  

2.3  
measurement precision  
precision  

closeness  of agreement between  ind ications  or measured  quan ti ty values  obtained  by repl icate  
measurements  on  the  same or s im i lar objects  under speci fied  cond i tions  

NOTE  1  Measurement precis ion  i s  usual l y expressed  numerical l y by measures  of imprecis ion ,  such  as  
standard  deviation ,  variance,  or coefficien t  of variation  under the  speci fi ed  cond i tions  of 
measurement.  

NOTE  2  The  ‘ speci fi ed  cond i ti ons’  can  be,  for example,  repeatabi l i ty cond i ti ons  of measurement,  
i n termed iate  precis ion  cond i ti ons  of measurement,  or reproducibi l i ty cond i ti ons  of 
measurement (see  I SO 5725-1 : 1 994  ( I SO  1 994a)) .  

NOTE  3  Measurement precis ion  i s  used  to  defi ne  measurement repeatabi l i ty,  i n termed iate  
measurement precis ion ,  and  measurement reproducibi l i ty.  

NOTE  4  Sometimes  “measurement precis ion”  i s  erroneously used  to  mean  measurement accuracy.  

[Source:  JCGM  200:201 2,  Term  2 . 1 5,  mod i fied  – reference  in  NOTE  2  added ]  

2.4  
measurement error 
error of measurement 
error 

measured  quan ti ty value  m inus  a  reference  quanti ty value  

NOTE  1  The  concept of ‘measurement error’  can  be  used  both   
a)  when  there  i s  a  s ing le  reference  quanti ty value  to  refer to,  wh ich  occurs  i f a  ca l i bration  i s  
made  by means  of a  measurement standard  wi th  a  measured  quanti ty value  having  a  neg l i g ib le  
measurement uncertain ty or i f a  conven tional  quan ti ty value  i s  g i ven ,  i n  wh ich  case  the  
measurement error i s  known ,  and   
b)  i f a  measurand  i s  supposed  to  be  represented  by a  un ique  true  quan ti ty value  or a  set  of true  
quanti ty values  of neg l i g ib le  range,  i n  wh ich  case  the  measurement error i s  not known .  

NOTE  2  Measurement error shou ld  not be  confused  wi th  production  error or m istake.  

NOTE  3  The  concept of measurement error assumes  that  the  reference quan ti ty value  i s  a  " true"  quanti ty 
value,  and  hence  that the  measurement error can  be  expressed  as  an  absolu te  amount wi thout 
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