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Abstract
Background:  A  novel  type  of  acuity  measurement,  which  we  refer  to  as  ‘differential  acuity’,
requires the  observer  to  identify  one  unique  target  among  three  others  which  are  identical.  This
is a  proof  of  concept  study  aimed  to  determine  if  differential  acuity  is  equivalent  to  standard
measures of  recognition  acuity.
Methods:  To  create  a  range  of  visual  acuity,  vision  was  optically  blurred  in  sixteen  adults  with
normal visual  acuity.  Visual  acuity  was  then  measured  with  the  differential  acuity  targets  in
both crowded  and  uncrowded  format,  and  compared  with  standard  ETDRS  acuity  or  with  singly
presented letters  and  uncrowded  letters  were  analysed  separately.
Results:  The  visual  acuity  results  for  crowded  and  uncrowded  letters  were  analysed  separately.
Repeated  measures  analysis  of  variance  showed  that  when  a  crowded  Sloan  C  had  to  be  differ-
entiated from  three  crowded  Os  (CvsO),  the  results  were  not  significantly  different  from  ETDRS
acuity or  from  naming  one  of  four  letters  presented  centrally  (Name4)  (p  <  0.05).  Similar  results
were found  for  uncrowded  letters  ---  the  C  versus  O  and  Name4  gave  similar  visual  acuity.  The
95% limits  of  agreement  between  the  naming  and  C  versus  O  differential  acuity  measures  were
between  0.17  and  0.27  logMAR.
Conclusion:  From  this  proof  of  concept  study  we  conclude  that  differential  acuity  gives  similar
results to  the  ETDRS  chart  in  adults.  We  infer  that  the  comparable  but  cognitively  simpler
differential  visual  acuity  task  could  be  applied  in  clinical  settings  for  young  children  or  patients
with developmental  delay  who  cannot  respond  by  naming  or  matching.
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Agudeza  visual  diferencial  ---  Nuevo  método  para  medir  la  agudeza  visual

Resumen
Antecedentes:  Un  nuevo  tipo  de  medición  de  la  agudeza,  al  que  denominaremos  ‘agudeza
diferencial,  requiere  que  el  observador  identifique  un  único  objetivo  entre  tres  otros  obje-
tivos idénticos.  Se  trata  de  una  prueba  de  estudio  de  concepto,  que  trata  de  determinar  si  la
agudeza diferencial  es  equivalente  a  las  mediciones  estándar  de  agudeza  de  reconocimiento.
Métodos:  Para  crear  un  rango  de  agudeza  visual,  se  degradó  ópticamente  la  visión  en  dieciséis
adultos con  agudeza  visual  normal.  A  continuación  se  midió  la  agudeza  visual  con  los  objetivos
de agudeza  diferencial,  tanto  en  formato  aglomerado  como  no  aglomerado,  y  comparándose  con
la agudeza  ETDRS  estándar,  o  con  letras  presentadas  de  manera  única,  analizándose  las  letras
no aglomeradas  separadamente.  Los  análisis  de  mediciones  repetidas  de  varianza  reflejaron
que cuando  una  C  Sloan  aglomerada  debía  diferenciarse  de  tres  O  aglomeradas  (CvsO),  los
resultados no  eran  significativamente  diferentes  de  la  agudeza  ETDRS,  o  de  nombrar  una  de
las cuatro  letras  presentadas  centralmente  (Nombrar4)  (p  <  0,05).  Se  encontraron  resultados
similares para  las  letras  no  aglomeradas  ---  C  versus  O  ---  y  Nombre4  arrojó  una  agudeza  visual
similar. Los  límites  de  acuerdo  del  95%  de  las  mediciones  de  agudeza  diferencial,  entre  nombrar
y C  versus  O,  se  situaron  entre  0,17  y  0,27  logMAR.
Conclusión:  A  partir  de  este  estudio  de  prueba  de  concepto  concluimos  que  la  agudeza  diferen-
cial arroja  resultados  similares  al  cuadro  ETDRS  en  adultos.  Podemos  inferir  que  podría  aplicarse
la tarea  de  agudeza  visual  diferencial,  comparable  pero  cognitivamente  más  simple,  al  entorno
clínico para  jóvenes  o  pacientes  con  retraso  del  desarrollo  cognitivo,  y  que  no  pueden  responder
mediante  denominación  o  emparejamiento.
© 2019  Spanish  General  Council  of  Optometry.  Publicado  por  Elsevier  España,  S.L.U.  Este  es  un
art́ıculo Open  Access  bajo  la  licencia  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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isual  acuity  testing  is  an  important  component  of  a
omplete  oculovisual  assessment  and  is  important  in  the
etection  of  amblyopia,  refractive  error  and  ocular  disease.
nellen  letter  acuity  is  the  accepted  method  for  patients
ble  to  name  letters,  and  among  letter  tests  the  Early  Treat-
ent  Diabetic  Retinopathy  Study  (ETDRS)  and  Bailey---Lovie

harts  are  recognised  as  gold  standards.1,2 This  type  of
isual  acuity  is  known  as  recognition  acuity  as  the  patient  is
equired  to  recognise  and  identify  the  symbols  or  optotypes
resented.3,4 Letter  naming  charts  have  obvious  limitations
ith  particular  populations,  such  as  young  children,  or  indi-
iduals  with  developmental  delay.  Before  a  child  is  able  to
ame  letters,  various  matching  tests  are  used.  Modern  ver-
ions  of  these  have  been  formatted  with  a  logMAR  scale
imilar  to  the  ETDRS  or  Bailey---Lovie  charts.  The  child  is
equired  to  match  (or  name)  the  symbol  or  letter  shown,
n  a  matching  card  in  their  hand.  It  requires  a  level  of
ognitive  maturity  and  children  with  normal  development
an  typically  comply  with  this  task  from  about  2.5---3  years
pwards.5,6 Another  approach  for  young  children  is  the  use
f  Landolt  C’s  and  tumbling  E’s  which  require  the  observer
o  identify  the  orientation  of  a  letter.  While  these  eliminate
he  need  for  learned  symbol  identification,  they  still  require
he  patient’s  subjective  response  and  an  understanding  of

irectional  orientation  so  that  the  observer  can  express  to
he  examiner  in  some  way  the  location  of  the  letter’s  gap.
o  this  too  is  not  ideal  for  preschool  age  children,  or  adults
ith  developmental  delay.
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The  Cardiff  Acuity  Cards4,7 or  the  Teller  Acuity  Cards8

re  used  for  children  who  are  too  young  to  comply  with
atching  or  naming.  These  both  utilise  a  preferential  look-

ng  format,  and  as  such,  can  be  used  with  children  as  young
s  approximately  1  year  in  the  case  of  the  Cardiff  Acuity
ards,  and  with  neonates  in  the  case  of  Teller  Acuity  Cards.
owever,  these  tests  measure  resolution  rather  than  recog-
ition  acuity.3,4 They  require  that  the  visual  detail  (gratings
n  the  case  of  Teller  Acuity  Cards)  be  detected  or  optically
esolved,  but  do  not  require  recognition,  that  is  they  have
o  detect  that  there  is  something  there,  but  not  what  is
here.  Resolution  acuity  is  not  directly  comparable  to  the
ecognition  acuity  and  is  only  moderately  correlated.9 Reso-
ution  acuity  tends  to  give  better  acuity  values  compared
ith  recognition  acuity,9---11 is  less  sensitive  for  detecting
mblyopia,9,11 optical  blur7,12 and  other  foveal  causes  of
educed  visual  acuity.10 Resolution  acuity  also  may  be  less
elevant  to  everyday  tasks,  which  usually  require  recogni-
ion  and  not  just  detection.  Visual  evoked  potential  is  an
bjective  method  for  measuring  visual  acuity  patients  who
annot  respond  subjectively,13 but  this  also  measures  res-
lution  acuity,  and  is  not  readily  available  in  most  clinical
ettings.

If  the  task  of  demonstrating  recognition  of  a  letter  or
ymbol  could  be  made  simpler  and  less  cognitively  demand-
ng,  recognition  acuity  could  be  measured  at  a  younger  age.

arlier  detection  and  accurate  monitoring  of  amblyopia  in
oung  infants  would  be  beneficial  as  amblyopia  is  a  common
ause  of  monocular  vision  loss  and  is  best  treated  as  early
s  possible.

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


ual  a

s
m
m

t
i
i
t
v

a
t
w
t
e
fi
a
y
r
o
d
m
E
c
m

Differential  visual  acuity  ---  A  new  approach  to  measuring  vis

In  this  proof  of  concept  study,  we  aimed  to  examine
whether  or  not  a  novel  paradigm  of  acuity  measurement,
which  we  refer  to  as  ‘differential  acuity’,  has  the  potential
to  be  used  as  an  alternative  method  to  acquire  visual  acuity
measurements  in  these  patients.  By  differential  acuity  we
mean  the  ability  to  detect  the  ‘‘odd  one  out’’  of  a  display
of  several  other  identical  acuity  symbols,  and  to  respond  by
either  naming  the  position  of,  pointing  to  or  looking  at  the
non-identical  target.  As  such,  an  observer’s  response  is  still
required,  but  the  need  for  symbol  identification  is  removed.
This  may  be  a  cognitively  easier  task  for  a  person  to  perform
than  naming,  matching  or  indicating  the  orientation  of  an  E
or  C.  Early  studies  have  suggested  this  type  of  approach  using
a  two-alternative  forced  choice  (AFC)  discrimination  task
between  O’s  and  Landolt  C’s  in  young  children.14---16 We  have
investigated  the  potential  of  detecting  a  C  among  three  O’s.
A  4ACF  task  decreases  the  guessing  rate  compared  to  2AFC
and  changes  the  task  to  one  in  which  the  child  has  to  detect
the  odd-one-out.  This  is  potentially  cognitively  simpler  ---
infants  as  young  as  12  months  can  be  trained  to  detect  a
unique  target  among  others,17,18 and  without  training  all  typ-
ically  developing  children  as  young  as  2.5  years  could  point
to  a  differently  coloured  spot  amongst  grey  ones.19 This  new
paradigm  for  testing  VA  is  novel  and  aims  to  reduce  the
cognitive  demand  for  testing  recognition  acuity,  compared

to  other  tests  of  recognition  VA  for  young  children  which
require  matching,  naming  or  detecting  one  particular  stim-
ulus  compared  to  one  other.  The  targets  used  would  be  the
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Figure  1  Configuration  of  differential  acuity  targets.  A  and  B  show  

show the  spacing  as  crowded  letters  decreased  in  size.  *Separation  re
** 1  letter  height/width.  ***0.5  letter  height/width.
cuity  43

ame  as  those  for  recognition  acuity,  and  since  the  observer
ust  recognise  differences  between  them,  the  visual  acuity
easured  may  be  equivalent  to  recognition  acuity.
The  differential  acuity  approach  may  offer  opportunity

o  assess  recognition-type  acuity  with  younger  children,  or
ndividuals  with  developmental  delay,  for  whom  standard
dentification  acuity  measures  are  too  challenging.  Alterna-
ively,  it  is  possible  that  the  task  is  both  cognitively  and
isually  easier,  resulting  in  lack  of  equivalence.

For  the  purposes  of  clarity  in  this  paper,  recognition
cuity  assessed  with  naming  or  matching  will  be  referred
o  as  ‘identification  acuity’,  so  as  not  to  be  confused
ith  differential  acuity.  The  research  question  is  whether

he  cognitively  simpler  differential  acuity  task  would  give
quivalent  visual  acuity  compared  with  the  standard  identi-
cation  acuity  task.  This  cannot  be  studied  in  young  children
s  there  is  no  test  of  recognition  acuity  in  children  too
oung  to  match  shapes  or  read  letters  against  which  the
esults  can  be  validated.  Therefore,  we  used  a  sample
f  adult  observers  without  cognitive  impairment  or  ocular
isease  to  investigate  how  differential  recognition  acuity
easurements  compare  to  the  clinical  gold  standard,  an

DTRS  letter  chart.1 Our  hypothesis  is  that  there  will  be  no
linically  significant  difference  between;  (1)  visual  acuity
easured  by  the  standard  ETDRS  chart,  crowded  ETDRS  let-
ers  and  the  new  differential  crowded  acuity;  or  (2)  between
ncrowded  differential  acuity  and  uncrowded  ETDRS
etters.

the  spacing  as  the  uncrowded  letters  decreased  in  size.  C  and  D
mained  constant  at  2×  largest  uncrowded  letter  height/width.
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Table  1  Crowded  and  uncrowded  acuity  targets.

Task  name  Optotypes  Comments  Task

Crowded  acuity
Crowded  CvsO  C  =  target,  O  =  distractors  C  and  O  similarly  legible22 Differential  acuity  ---  respond  to

the  quadrant  containing  the
unique  letter

Crowded  Name4  C,  D,  O,  or  S  with  crowding
bars,  presented  centrally

Letters  cover  a  similar  range  of
legibility  as  full  ETDRS
chart22,23

Identification  acuity  ---  respond
to the  centrally  presented
letter

Uncrowded acuity
CvsO  C  =  target,  O  =  distractor  Similarly  legible22 Differential  acuity  ---  respond  to

the  quadrant  with  the  unique
letter

Name4 Centrally  presented  C,  D,  O,
or  S

Letters  cover  a  similar  range  of
legibility  as  full  ETDRS
chart22,23

Identification  acuity  ---  respond
to the  central  single  letter

Name4 Quad C,  D,  O,  or  S  target  letter  in
quadrant  named  with
auditory  cue

Letters  cover  a  similar  range  of
legibility  as  full  ETDRS
chart,22,23 target  in  each
quadrant  to  mimic  symbol
positioning  used  in  differential

ity  t

Identification  acuity  ---  respond
to the  letter  in  the  quadrant
stated
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aterial and methods

articipants

his  study  received  clearance  through  a  University  of  Water-
oo  Research  Ethics  Committee  and  adhered  to  the  principles
f  the  Declaration  of  Helsinki.  All  participants  gave  informed
onsent.

Sixteen  individuals  participated  in  this  study  (average  age
7  years,  range  19---49  years,  12  female).  A  sample  size  cal-
ulation  for  detecting  a  difference  of  0.15  logMAR  between
A  tests  and  using  the  median  standard  deviation  of  differ-
nces  (0.12  logMAR)  from  Rosser  et  al.,20 for  alpha  =  0.05  and
ower  = 80%  gave  a  sample  size  of  14.  This  sample  size  cal-
ulation  is  similar  to  that  of  Anstice  et  al.21 The  inclusion
riteria  were  as  follows:  corrected  visual  acuity  6/6  or  bet-
er,  physically  capable  of  wearing  a  trial  frame,  no  cognitive
mpairment,  no  hard  contact  lens  wear,  no  ocular  disease
hat  could  compromise  visual  acuity  (for  example  cataracts,
ry  eye),  and  no  eye  movement  disorders  or  use  of  medi-
ations  which  would  affect  eye  movements.  The  inclusion
riterion  of  normal  visual  acuity  was  used  so  that  variability
n  the  results  was  only  due  to  optical  blur,  and  not  a  com-
ination  of  blur  and  disease,  which  would  generate  greater
ariability  in  the  data,  i.e.  disease  affects  VA  differently
han  optical  blur.

argets

he  differential  acuity  task  involved  locating  a  computer-

enerated  C  amongst  three  Os  (CvsO)  either  in  a  crowded
r  uncrowded  format  (Fig.  1).  The  main  comparison  for
he  crowded  CvsO  was  VA  measured  on  the  ETDRS  chart
see  Procedure  section).  However  since  the  guessing  rate

t
t
t
t

asks

s  different  (10  letters  versus  4  locations),  a  second  compar-
son  was  included  which  was  identifying  one  of  4  crowded
loan  ETDRS  letters  presented  centrally  (Crowded  Name4

--  Table  1).  The  Sloan  letters  used  were  the  C,  O,  S  and
,  which  are  more  similar  to  each  other  than  the  letters
ithout  curved  components.22,23

The  uncrowded  CvsO  was  compared  with  the  same  4
loan  letters  presented  uncrowded  and  centrally  (Name4).
o  consider  the  possibility  that  eye  movements  towards  a
uadrant  would  influence  visual  acuity  in  the  differential
cuity  task,  a  second  comparison  was  included.  In  this  task
Name4Quad),  the  uncrowded  ETDRS  letters  were  presented
n  one  of  the  four  quadrants  where  the  C  or  Os  were  be  pre-
ented,  and  the  participant’s  task  was  to  identify  the  letter
n  a  named  quadrant.

Computer-generated  letter  targets: The  letter  design
as  based  on  the  Sloan  letters  which  are  used  in  the  ETDRS
hart  and  have  equal  height  and  width.  There  were  12  target
izes,  which  were  scaled  in  0.1  logMAR  steps  (0.1  logMAR  is
quivalent  to  one  line  on  an  ETDRS  or  similar  logMAR  chart).
or  the  crowded  letters,  the  width  of  the  crowding  bars  was
qual  to  the  letter  stroke  width  (width  of  the  lines  making
p  the  letter),  and  the  height  of  the  bars  matched  the  let-
er  height  and  width  proportionally.  The  crowding  bars  were
eparated  from  the  letter  by  0.5  letter  width.

Letter  spacing:  For  the  differential  acuity  tasks,  one
etter  was  displayed  in  each  of  the  four  quadrants.  The  spac-
ng  between  the  letters  was  twice  the  height/width  of  the
argest  target  size;  that  is  the  closest  distance  between  any

 letters  was  2  letter  widths  to  avoid  crowding  effects  (see
ig.  1A  and  B).24 This  was  also  true  for  the  spacing  between

he  edge  of  the  letters  to  the  edge  of  the  display  area.  As
he  letters  decreased  in  overall  size,  the  spacing  between
he  targets  (between  the  proximal  or  inner  edge  of  each  let-
er)  remained  constant  throughout  each  experiment,  while



ual  a

a
m
c
m
i
b
s
i
i
e
i
c
p
c
t
h
t
f

i
f
s
l
c
T
v
m
n
2
f
t
o
s

(
r
o
o
a

f
r
i
t

p
m
o
l

t
t
I
l
r
t

Differential  visual  acuity  ---  A  new  approach  to  measuring  vis

the  distance  to  the  display  edge  increased.  This  was  done  to
avoid  the  perception  that  the  letter  target  and  distracters
were  moving  inwards  or  outwards,  to  maintain  the  targets  in
the  same  eccentricity  and  to  keep  the  size  of  eye  movements
constant.

For  consistency  in  the  crowded  CvsOs,  the  spacing
between  the  targets  remained  the  same  as  for  the  non-
crowded  presentations  (Fig.  1C  and  D)  as  measured  from
the  outermost  edge  of  the  crowding  bar  belonging  to  a  let-
ter.  This  meant  that  that  the  target  edges  were  unavoidably
closer  to  the  edge  of  the  display  area.  Therefore,  there
was  crowding  involved  from  the  display  edges,  but  this
decreased  as  the  experiment  progressed  and  the  targets
became  smaller  and  the  majority  of  the  crowding  would  be
caused  by  the  crowding  bars  themselves.

All  the  letters  were  generated  in  Adobe  Illustrator  and
then  imported  into  the  Experiment  Builder  software  by
SR  ResearchTM,  version  1.5.201,  Kanata,  Canada.  Thus  all
computer  generated  experimental  displays  and  protocols
were  controlled  using  the  Experiment  Builder.  Targets  were
displayed  on  a  ViewSonic  monitor  which  had  a  DPI  of
1280  ×  1024  pixels.  The  screen  had  a  luminance  of  153  cd/m2

and  the  Weber  contrast  was  99%.  The  illumination  was
73  lux.

Acuity  tasks

Differential  acuity  task: The  differential  recognition  tasks
required  the  participant  to  give  a  keyboard  response  indi-
cating  in  which  quadrant  (top  left,  top  right,  bottom  left,
bottom  right)  of  the  screen  the  letter  C  was  located.  The
keys  ‘‘T’’,  ‘‘U’’,  ‘‘V’’,  and  ‘‘N’’  respectively  represented
the  top  left,  top  right,  bottom  left,  and  bottom  right  posi-
tions  on  the  screen,  as  they  are  located  in  these  relative
positions  on  a  standard  keyboard.  The  position  of  the  C  was
varied  randomly.

Identification  acuity  tasks: The  identification  tasks
required  the  participant  to  recognise  the  letter  presented
at  the  centre  of  the  screen  and  identify  it  by  pressing  the
corresponding  keyboard  key.  The  participant  had  a letter
choice  from  the  subset  of  four  letters  (C,  D,  O,  S)  of  which
the  participant  was  aware,  thus  creating  a  task  with  the
similar  chance  level  as  the  differential  acuity  task  (1  out
of  4,  or  25%).  The  letters  were  varied  randomly  and  for
Name4Quad,  the  quadrant  where  the  letter  had  to  be  named
was  randomly  selected.

Sequence  of  display:  The  sequence  and  timing  of  display
screens  was:  (1)  a  fixation  cross  was  displayed  for  1.5  s  to
direct  the  participant’s  attention  to  the  centre  of  the  screen
(the  cross  was  not  present  during  the  subsequent  presenta-
tion  of  letters),  (2)  the  task  screen  with  letters  was  shown
which  was  terminated  with  a  key  press  by  the  participant
or  terminated  automatically  after  a  maximum  of  10  s,  (3)  a
blank  grey  screen  displayed  for  1  s  to  allow  time  for  blinking.
This  sequence  was  repeated  throughout  the  acuity  testing.
Procedure

Participants  were  optically  blurred  to  vary  visual  acuity
between  participants,  so  that  correlations  and  limits  of

t
t
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greement  could  be  determined  in  order  to  compare  the
easures  of  acuity.  For  any  given  participant  the  spheri-

al  dioptric  blur  was  constant  for  all  of  the  types  of  acuity
easures.  Thus  the  blur  was  purposefully  different  between

ndividuals  but  the  same  within  individuals.  The  amount  of
lur  ranged  from  2.00  D  to  3.75  D  between  individuals.  The
ession  was  completed  monocularly  with  the  right  eye  view-
ng,  except  for  one  participant  who  had  high  astigmatism
n  the  right  eye,  and  so  the  left  eye  was  used.  The  other
ye  was  occluded.  For  convenience,  the  blur  was  achieved
n  one  of  three  ways:  by  removing  the  participant’s  habitual
orrection  (in  the  case  of  myopes  without  astigmatism),  by
lacing  the  desired  amount  of  blur  into  a  trial  frame  (in  the
ase  of  emmetropes  or  soft  contact  lens  wearers),  or  by  fas-
ening  a  full  aperture  trial  lens  in  front  of  the  participant’s
abitual  correction.  Removing  a  myope’s  spectacle  correc-
ion  gives  blur  similar  to  adding  positive  trial  lenses  over  the
ull  distance  correction.

Each  session  began  with  an  assessment  of  the  partic-
pant’s  habitual  corrected  ETDRS  monocular  visual  acuity
ollowed  by  ETDRS  acuity  with  optical  blur.  Both  mea-
urements  were  calculated  using  by-letter  scoring  (each
etter  worth  0.02  logMAR).2 The  participant  was  periodi-
ally  reminded  not  to  squint  (narrow  their  palpebral  fissure).
hese  two  measurements  were  obtained  using  different
ersions  of  an  ETDRS  chart  (LighthouseTM 2nd  edition)  to
inimise  learning.  The  ETDRS  letter  charts  had  a  lumi-

ance  of  82  cd/m2. The  viewing  distance  was  either  4  m  or
 m  depending  on  the  level  of  blur,  but  remained  constant
or  each  participant.  The  visual  acuity  value  obtained  with
he  induced  blur  was  used  for  comparison  with  the  results
btained  from  the  other  components  of  the  experimental
ession.

The  same  five  computer  generated  psychophysics  tasks
described  above)  were  completed  by  each  participant  in
andom  order.  These  tasks  were  viewed  at  a  testing  distance
f  2  m,  with  the  exception  of  those  with  the  highest  amounts
f  induced  blur  and  these  participants  were  seated  at  1.6  m
way  from  the  screen.

Each  of  the  five  tasks  consisted  of  three  sequential  parts:
Demonstration:  The  demonstration  phase  was  used  to

amiliarise  the  participant  with  the  task  and  the  required
esponses  for  the  given  experiment.  Most  participants  keyed
n  their  own  responses,  but  in  some  cases  they  verbalised
heir  responses  and  the  investigator  entered  them.

Estimation: Beginning  with  the  largest  target  size,  three
resentations  at  each  target  size  were  shown  and  the  esti-
ation  phase  ended  when  the  participant  made  an  error,

r  failed  to  respond  to  a  presentation  within  the  10  s  time
imit.

Threshold:  The  threshold  sequence  began  with  targets
wo  sizes  (0.2  logMAR)  larger  than  the  size  at  which  the  par-
icipant  made  the  first  error  during  the  estimation  phase.
n  the  threshold  sequence,  there  were  12  presentations  per
evel.  After  each  set  of  twelve  presentations,  if  six  or  more
esponses  were  correct  then  the  experiment  would  proceed
o  the  next  smallest  target  size.  The  experiment  would  only
erminate  once  the  participant  made  >50%  errors  to  allow

he  participant’s  percent  correct  response  rate  to  approach
he  guessing  rate  of  25%  correct.  A  62.5%  correct  response
ate  was  used  for  all  experiments  as  the  threshold  (half
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Figure  2  Bland---Altman  plots  showing  the  difference  of  the
crowded  visual  acuity  measures  plotted  against  the  mean.  The
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ay  between  the  25%  guessing  rate  and  100%  for  the  four
lternative  forced  choice  presentations).

tatistical  analysis

tatistical  analysis  was  undertaken  in  Excel  and  Systat. A  p
alue  of  <0.05  was  used  for  significance.  Thresholds  for  each
timulus  configuration  were  calculated  by  linear  regression
f  the  percent  correct  (after  correction  for  guessing)  against
ogMAR  and  by  interpolation  to  give  62.5%  correct.  When
here  was  more  than  one  target  size  resulting  in  100%  cor-
ect  (a  plateau),  the  most  proximal  result  only  was  included
n  the  regression.  Since  there  are  expected  differences
etween  crowded  and  uncrowded  acuity,  the  crowded  acu-
ty  measures  were  compared  amongst  each  other  (ETDRS,
rowded  Name4  and  Crowded  CvsO  ---  Table  1)  and  sim-

larly,  the  uncrowded  measures  were  compared  (Name4,
ame4Quad  and  CvsO  ---  Table  1).  Repeated  measures  ANOVA
as  undertaken  to  determine  any  significant  differences
etween  visual  acuity  measures.  Regression  analysis  (corre-
ation)  was  undertaken  between  acuity  measures  and  the
5%  confidence  intervals  for  the  slopes  were  calculated
o  determine  whether  they  differed  from  unity.  Limits  of
greement25 were  calculated  between  the  thresholds  for
ach  stimulus  configuration.  Bonferroni  correction  was  used
or  multiple  comparisons.

esults

he  range  of  the  blurred  VA  was  0.5---1.1,  0.45---1.13  and
.64---1.05  logMAR  for  the  ETDRS,  Crowded  Name4  and
rowded  CvsO  respectively.  Repeated  measures  ANOVA
3  ×  acuity  measures)  for  the  crowded  targets  (ETDRS,
rowded  Name4  and  Crowded  CvsO)  showed  that  there
as  no  significant  difference  between  the  crowded  acu-

ty  measures  (p  =  0.63).  The  range  of  the  blurred  VA  was
.34---1.02,  0.45---0.95,  0.48---0.94  logMAR  for  the  Name4,
ame4Quad  and  CvsO  respectively.  Similar  to  the  crowded
argets,  repeated  measures  ANOVA  (3  ×  acuity  measures)
or  the  uncrowded  targets  (Name4,  Name4Quad  and  CvsO)
howed  that  there  was  no  significant  difference  between  the
ncrowded  acuity  measures  (p  =  0.44).

There  was  a  significant  correlation  between  all  the  tests
p  < 0.05  in  all  cases)  with  r  ranging  from  0.62  to  086.  Bland
nd  Altman  plots  are  shown  in  Figs.  2  and  3  for  the  crowded
nd  uncrowded  acuity  measures  respectively.  In  most  cases
here  was  no  significant  trend  ---  no  significant  correlation
etween  the  differences  and  the  means  (p  >  0.05)  (Table  2).
here  were  two  exceptions  to  this:  the  ETDRS  compared  to
rowded  CvsO,  and  Crowded  Name4  compared  to  Crowded
vsO,  which  both  showed  a  significant  correlation  (r  =  0.55,

 =  0.03,  and  r  =  0.52,  p  =  0.04  respectively).  As  visual  acu-
ty  becomes  poorer,  ETDRS  tends  to  give  a  higher  logMAR
alue  (poorer  acuity)  than  the  Crowded  CvsO  (Fig.  2B)
nd  Crowded  Name4  tends  to  give  a  higher  logMAR  value
poorer)  visual  acuity  than  Crowded  CvsO.  However,  when

 Bonferroni  correction  is  applied  for  multiple  comparisons

p  = 0.05/3  =  0.0167),  these  are  no  longer  significant.  There
ere  no  significant  trends  for  the  uncrowded  tests.  The  95%

imits  of  agreement  (1.96  ×  SD  of  the  differences)  are  shown
n  Table  2.

t
n
T
o

olid black  line  shows  the  mean  difference  and  the  dotted  lines
how the  95%  limits  of  agreement.

iscussion

ur  research  question  was  whether  the  cognitively  simpler
ifferential  acuity  task  would  give  equivalent  visual  acu-
ty  compared  with  the  standard  identification  acuity  task.
lthough  such  a  task  would  be  most  beneficial  for  young
hildren  this  question  cannot  be  studied  in  children  who  are

oo  young  to  match  a  shape  as  there  is  no  test  of  recog-
ition  acuity  against  which  the  results  can  be  validated.
herefore,  this  proof  of  concept  study  necessarily  used  adult
bservers.  The  results  showed  that  differential  acuity  using
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Figure  3  Bland---Altman  plots  showing  the  difference  of  the
uncrowded  visual  acuity  measures  plotted  against  the  mean.
The solid  black  line  shows  the  mean  difference  and  the  dotted
lines  show  the  95%  limits  of  agreement.
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Table  2  Bland---Altman  analysis.  Limits  of  agreement  and  correlat

Comparison  Limits  of  Agreement
logMAR  (1.96*SD  of  t
differences)

ETDRS/Crowded  Name4  0.24  

ETDRS/Crowded  CvsO  0.27  

Crowded Name4/Crowded  CvsO  0.24  

Name4 vs  Name4  Quad  0.17  

Name4/CvsO  0.24  

Name4 Quad/CvsO  0.19  
cuity  47

vsO  either  in  crowded  or  uncrowded  format  gives  a  simi-
ar  overall  level  of  visual  acuity  compared  to  identification
ith  similar  crowding  or  lack  thereof.  This  was  shown  by  the
NOVA  results  and  can  be  seen  in  Figs.  2  and  3.  Crowded  CvsO
as  not  significantly  different  from  the  Crowded  Name4  or

he  full  ETDRS  chart  and  the  uncrowded  version  of  CvsO
as  not  significantly  different  from  the  uncrowded  Name4
r  Name4Quad.  It  is  noteworthy  that  Name4Quad  (which
equired  eye  movements)  gave  similar  results  to  Name4
in  which  the  letters  were  presented  in  the  centre  of  the
creen),  indicating  that  the  need  for  eye  movements  does
ot  unduly  influence  the  results  of  forced  choice  presenta-
ions.

The  limits  of  agreement  (Table  2)  are  perhaps  larger  than
nticipated  (ranging  between  0.17  and  0.27  logMAR),  but  it
ust  be  borne  in  mind  that  these  values  are  for  optically
lurred  vision,  and  compare  different  charts  and  response
asks.  The  test---retest  repeatability  for  logMAR  charts  is
pproximately  0.1  logMAR  or  one  line.26 However,  when  com-
aring  the  limits  of  agreement  between  different  visual
cuity  charts,  the  values  are  higher.  Anstice  et  al.  found
he  95%  limits  of  agreement  to  range  between  0.13  and  0.18
or  adults  when  comparing  results  on  the  ETDRS,  HOTV,  Lea
ymbols  and  Kay  Pictures  test21 while  Mercer  et  al.  found
imits  of  0.2  and  0.11  comparing  Sloan  letters  with  Lea  and
atti  Pics  symbols  respectively.27 Shah  et  al.  found  limits  of
greement  of  0.19  and  0.21  between  the  ETDRS  and  two
ersions  of  the  Kay  pictures  test.28 These  studies  all  used
dult  participants  with  corrected  to  normal  visual  acuity.  It
s  worth  noting  that  the  test---retest  repeatability  or  limits
f  agreement  may  be  higher  in  people  with  reduced  visual
cuity,  as  was  the  case  for  our  experiments  where  optical
lur  was  induced.  Rosser  et  al.  found  test---retest  repeata-
ility  of  0.18  for  the  ETDRS  chart  in  observers  with  cataract,
seudophakia  and  glaucoma20 and  Hardgrave  et  al.  showed  a
5%  limits  of  agreement  of  0.17  between  the  ETDRS  and  the
ea  Numbers  Low  Vision  Book  and  0.26  between  the  ETDRS
nd  the  Feinbloom  chart  for  observers  with  low  vision.29

hese  values  indicate  that  when  comparing  different  charts
r  procedures  when  vision  is  reduced,  as  in  the  current
tudy,  repeatability  is  typically  poorer  and  our  results  are
ot  inconsistent  with  the  few  previous  similar  studies  which
ave  considered  this.

We  used  a  C  versus  an  O  for  the  differential  task  as  these

ave  similar  legibility.22,23 There  has  been  discussion  of
hether  Landolt  C  acuity  is  a  form  of  resolution,  rather  than

ecognition  acuity.3 Recently,  it  has  been  demonstrated  that

ions  between  the  means  and  differences  of  each  pair  of  tests.

 in
he

Correlation  coefficient  (r)  between
mean  and  difference  of  Bland---Altman
plot (logMAR)

0.11,  p  =  0.68
0.55,  p  =  0.03
0.52,  p  =  0.04
0.02,  p  =  0.94
0.43,  p  =  0.09
0.01,  p  =  0.97
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8  

andolt  C  acuity  is  more  representative  of  recognition,  than
esolution  acuity.3 Studies  have  shown  that  Landolt  C  acuity
s  poorer  than  ETDRS  (Sloan)  letter  acuity,  although  more
imilar  to  British  standard  letters  used  in  the  Bailey---Lovie
hart.22 However,  clinical  versions  of  resolution  acuity
Teller  Acuity  Cards,  and  Cardiff  Acuity  Cards)  tend  to  over-
stimate  recognition  acuity.9---11 Thus,  if  Landolt  C  acuity
erforms  like  a  resolution  acuity  test,  better,  not  poorer
han  ETDRS  acuity,  would  be  expected.  This  difference  is
specially  pronounced  in  the  presence  of  disease,  including
mblyopia.30 Thus  we  would  anticipate  that  Landolt  C  acuity
ould  be  superior  for  detecting  and  monitoring  amblyopia,
hich  is  one  of  the  chief  concerns  for  the  paediatric  pop-
lation.  Finally,  most  previous  studies  of  Landolt  C  acuity
ave  used  the  typical  task,  wherein  the  observer  is  asked  to
etermine  the  position  of  the  gap,  which  is  different  from
he  differential  acuity  task  of  the  present  study.

imitations  of  the  study

ne  limitation  of  this  study  is  that  only  spherical  optical
lur  was  used  to  decrease  visual  acuity.  Astigmatic  blur  may
roduce  different  results  that  would  be  axis  dependent,
esulting  in  different  amounts  of  blur  for  different  letters,
specially  if  letters  with  vertical,  horizontal  and/or  oblique
omponents  had  been  included.  This  would  require  further
tudy.  A  second  limitation  is  that  we  have  not  included  par-
icipants  with  reduced  visual  acuity  due  to  ocular  disorders
hich  may  give  somewhat  different  results.  In  particu-

ar,  those  with  central  scotomas  and  amblyopia  should  be
tudied,  as  individuals  with  these  conditions  may  perform
ifferently.  This  would  be  an  important  aspect  to  include  in
uture  investigations.

onclusion

he  cognitively  simpler  task  of  identifying  the  unique  or  dif-
erent  target  from  among  a  group  of  other  identical  targets
ives  comparable  results  to  the  gold  standard,  ETDRS  chart,
n  adults.  This  means  that  there  is  potential  for  it  to  be
pplied  in  clinical  settings  for  young  children  or  patients
ith  developmental  delay  allowing  measurement  of  recog-
ition  acuity  to  be  obtained  on  a  greater  percentage  of  these
atients.

unding

his  study  was  supported  by  Natural  Sciences  and  Engi-
eering  Research  Council  Undergraduate  Student  Research
ward  (NSERC  USRA)  to  CYS;  NSERC  Discover  to  ELI  #203699;
anada  Research  Chair  Program  (CRC)  to  ELI  #905-202761.

onflicts of interest

he  authors  have  no  conflicts  of  interest  to  declare.
cknowledgements

e  thank  Linda  Lillakas  for  help  with  the  figures.
S.J.  Leat  et  al.

eferences

1. Ferris FL, Kassoff A, Bresnick GH, Bailey I. New visual acuity
charts for clinical research. Am J Ophthalmol. 1982;94:91---96.

2. Bailey IL, Lovie JE. New design principles for visual acuity
letter charts. Optom Vis Sci.  1976;53:740---745, http://dx.doi.
org/10.1097/00006324-197611000-00006.

3. Heinrich SP, Bach M. Resolution acuity versus recognition
acuity with Landolt-style optotypes. Graefe’s Arch Clin
Exp Ophthalmol. 2013;251:2235---2241, http://dx.doi.org/10.
1007/s00417-013-2404-6.

4. Anstice NS, Thompson B. The measurement of visual acu-
ity in children: an evidence-based update. Clin Exp Optom.
2014;97:3---11, http://dx.doi.org/10.1111/cxo.12086.

5. Becker R, Hubsch S, Graf MH, Kaufmann H. Examination
of young children with Lea symbols. Br J Ophthalmol.
2002;86:513---516, http://dx.doi.org/10.1136/bjo.86.5.513.

6. Jones D, Westall C, Averbeck K, Abdolell M. Visual acuity
assessment: a comparison of two tests for measuring children’s
vision. Ophth Physiol Opt. 2003;23:541---554, doi:150 [pii].

7. Howard C, Firth AY. Is the Cardiff acuity test effec-
tive in detecting refractive errors in children?
Optom Vis Sci.  2006;83:E577---E582, http://dx.doi.org/
10.1097/01.opx.0000230268.99107.15.

8. McDonald MA, Dobson V, Sebris SL, Baitch L, Varner D, Teller
DY. The acuity card procedure: a rapid test of infant acuity.
Invest Ophthalmol Vis Sci.  1985;26:1158---1162.

9. Kushner BJ, Lucchese NJ, Morton GV. Grating visual acu-
ity with Teller cards compared with Snellen visual acuity
in literate patients. Arch Ophthalmol. 1995;113:485---493,
http://dx.doi.org/10.1001/archopht.1995.01100040107035.

10. Mayer DL, Fulton AB, Rodier D. Grating and recognition acuities
of pediatric patients. Ophthalmology.  1984;91:947---953,
http://dx.doi.org/10.1016/S0161-6420(84)34209-9.

11. Rydberg A, Ericson B, Lennerstrand G, Jacobson L, Lindstedt
E. Assessment of visual acuity in children aged 1 1/2---6 years,
with normal and subnormal vision. Strabismus.  1999;7:1---24,
http://dx.doi.org/10.1076/stra.7.1.1.656.

12. Thorn F, Schwartz F. Effects of dioptric blur on Snellen and grat-
ing acuity. Optom Vis Sci.  1990;67:3---7, http://dx.doi.org/10.
1097/00006324-199001000-00002.

13. Almoqbel F, Leat SJ, Irving E. The technique, validity and clini-
cal use of the sweep VEP. Ophth Physiol Opt. 2008;28:393---403,
http://dx.doi.org/10.1111/j.1475-1313.2008.00591.x.

14. Smørvik D, Bosnes O. Assessment of visual acuity in
preschool children. Scand J Psychol. 1976;17:122---124,
http://dx.doi.org/10.1111/j.1467-9450.1976.tb00219.x.

15. Fern KD, Manny RE, Davis JR, Gibson RR. Contour interac-
tion in the preschool child. Optom Vis Sci.  1986;63:313---318,
http://dx.doi.org/10.1097/00006324-198605000-00002.

16. Richman JE, Petito GT, Cron MT. Broken wheel acuity test: a
new and valid test for preschool and exceptional children. J
Am Optom Assoc. 1984;55:561---565.

17. Carkeet A, Levi DM, Manny RE. Development of vernier
acuity in childhood. Optom Vis Sci. 1997;74:741---750,
http://dx.doi.org/10.1097/00006324-199709000-00022.

18. Gerhardstein P, Rovee-Collier C. The development of
visual search in infants and very young children. J
Exp Child Psychol. 2002;81:194---215, http://dx.doi.org/10.
1006/jecp.2001.2649.

19. Hovis JK, Leat SJ, Heffernan S, Epp K. The valid-
ity of the University of Waterloo colored dot test for
color vision testing in adults and preschool children.

Optom Vis Sci.  2002;79:241---253, http://dx.doi.org/10.1097/
00006324-200204000-00011.

20. Rosser DA, Laidlaw DA, Murdoch IE. The development of a
‘‘reduced logMAR’’ visual acuity chart for use in routine

http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0155
dx.doi.org/10.1097/00006324-197611000-00006
dx.doi.org/10.1097/00006324-197611000-00006
dx.doi.org/10.1007/s00417-013-2404-6
dx.doi.org/10.1007/s00417-013-2404-6
dx.doi.org/10.1111/cxo.12086
dx.doi.org/10.1136/bjo.86.5.513
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0180
dx.doi.org/10.1097/01.opx.0000230268.99107.15
dx.doi.org/10.1097/01.opx.0000230268.99107.15
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0190
dx.doi.org/10.1001/archopht.1995.01100040107035
dx.doi.org/10.1016/S0161-6420(84)34209-9
dx.doi.org/10.1076/stra.7.1.1.656
dx.doi.org/10.1097/00006324-199001000-00002
dx.doi.org/10.1097/00006324-199001000-00002
dx.doi.org/10.1111/j.1475-1313.2008.00591.x
dx.doi.org/10.1111/j.1467-9450.1976.tb00219.x
dx.doi.org/10.1097/00006324-198605000-00002
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0230
dx.doi.org/10.1097/00006324-199709000-00022
dx.doi.org/10.1006/jecp.2001.2649
dx.doi.org/10.1006/jecp.2001.2649
dx.doi.org/10.1097/00006324-200204000-00011
dx.doi.org/10.1097/00006324-200204000-00011


ual  a

30. Wittich W,  Overbury O, Kapusta MA, Watanabe DH. Differ-
Differential  visual  acuity  ---  A  new  approach  to  measuring  vis

clinical practice. Br J Ophthalmol. 2001;85:432---436, http://
dx.doi.org/10.1136/bjo.85.4.432.

21. Anstice NS, Jacobs RJ, Simkin SK, Thomson M, Thompson B,
Collins AV. Do picture-based charts overestimate visual acuity?
Comparison of Kay pictures, Lea symbols, HOTV and Keeler log-
MAR charts with Sloan letters in adults and children. PLoS ONE.
2017;12, http://dx.doi.org/10.1371/journal.pone.0170839.

22. Reich LN, Bedell HE. Relative legibility and confusions
of letter acuity targets in the peripheral and central
retina. Optom Vis Sci.  2000;77:270---275, http://dx.doi.org/10.
1097/00006324-200005000-00014.

23. Raasch TW, Bailey IL, Bullimore MA. Repeatabil-
ity of visual acuity measurement. Optom Vis Sci.
1998;75:342---348, http://dx.doi.org/10.1097/00006324-
199805000-00024.

24. Leat SJ, Li W, Epp K. Crowding in central and eccentric vision:
the effects of contour interaction and attention. Invest Oph-
thalmol Vis Sci. 1999;40:504---512.
25. Bland JM, Altman DG. Statistical methods for assess-
ing agreement between two methods of clinical mea-
surement. Lancet.  1986;1:307---310, http://dx.doi.org/10.
1016/S0140-6736(86)90837-8.
cuity  49

26. Lovie-Kitchin JE, Brown B. Repeatability and intercor-
relations of standard vision tests as a function of age.
Optom Vis Sci.  2000;77:412---420, http://dx.doi.org/10.
1097/00006324-200008000-00008.

27. Mercer ME, Drover JR, Penney KJ, Courage ML, Adams
RJ. Comparison of Patti Pics and Lea Symbols optotypes
in children and adults. Optom Vis Sci.  2013;90:236---241,
http://dx.doi.org/10.1097/OPX.0b013e3182825eb7.

28. Shah N, Laidlaw D, Rashid S, Hysi P. Validation of printed
and computerised crowded Kay picture logMAR tests against
gold standard ETDRS acuity test chart measurements in adult
and amblyopic paediatric subjects. Eye. 2012;26:593---600,
http://dx.doi.org/10.1038/eye.2011.333.

29. Hardgrave N, Hatley J, Lewerenz D. Comparing LEA num-
bers low vision book and Feinbloom visual acuity charts.
Optom Vis Sci.  2012;89:1611---1618, http://dx.doi.org/10.
1097/OPX.0b013e31826ab10a.
ences between recognition and resolution acuity in patients
undergoing macular hole surgery. Invest Ophthalmol Vis Sci.
2006;47:3690---3694, http://dx.doi.org/10.1167/iovs.05-1307.

dx.doi.org/10.1136/bjo.85.4.432
dx.doi.org/10.1136/bjo.85.4.432
dx.doi.org/10.1371/journal.pone.0170839
dx.doi.org/10.1097/00006324-200005000-00014
dx.doi.org/10.1097/00006324-200005000-00014
dx.doi.org/10.1097/00006324-199805000-00024
dx.doi.org/10.1097/00006324-199805000-00024
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
http://refhub.elsevier.com/S1888-4296(19)30026-3/sbref0270
dx.doi.org/10.1016/S0140-6736(86)90837-8
dx.doi.org/10.1016/S0140-6736(86)90837-8
dx.doi.org/10.1097/00006324-200008000-00008
dx.doi.org/10.1097/00006324-200008000-00008
dx.doi.org/10.1097/OPX.0b013e3182825eb7
dx.doi.org/10.1038/eye.2011.333
dx.doi.org/10.1097/OPX.0b013e31826ab10a
dx.doi.org/10.1097/OPX.0b013e31826ab10a
dx.doi.org/10.1167/iovs.05-1307

	Differential visual acuity – A new approach to measuring visual acuity
	Introduction
	Material and methods
	Participants
	Targets
	Acuity tasks
	Procedure
	Statistical analysis

	Results
	Discussion
	Limitations of the study

	Conclusion
	Funding
	Conflicts of interest
	Acknowledgements
	References


