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Abstract
Purpose:  Optical  coherence  tomography  (OCT)  is  a  non-invasive  method  for  diagnosis  and  mon-
itoring of  retinal  (typically,  macular)  conditions.  The  unfamiliar  nature  of  OCT  images  can
present considerable  challenges  for  some  community  optometrists.

The purpose  of  this  research  is  to  develop  and  assess  the  efficacy  of  a  novel  internet  resource
designed to  assist  optometrists  in  using  OCT  for  diagnosis  of  macular  disease  and  patient  mana-
gement.
Methods:  An  online  tool  (OCTAID)  has  been  designed  to  assist  practitioners  in  the  diagnosis  of
macular lesions  detected  by  OCT.  The  effectiveness  of  OCTAID  was  evaluated  in  a  randomised
controlled  trial  comparing  two  groups  of  practitioners  who  underwent  an  online  assessment
(using clinical  vignettes)  based  on  OCT  images,  before  (exam  1)  and  after  (exam  2)  an  educa-

tional intervention.  Participants’  answers  were  validated  against  experts’  classifications  (the
reference  standard).  OCTAID  was  randomly  allocated  as  the  educational  intervention  for  one

p  receiving  an  intervention  of  standard  OCT  educational  material.
unity  optometrists.
group with  the  control  grou
The participants  were  comm
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Results:  Random  allocation  resulted  in  53  optometrists  receiving  OCTAID  and  65  receiving  the
control intervention.  Both  groups  performed  similarly  at  baseline  with  no  significant  difference
in mean  exam  1  scores  (p  =  0.21).  The  primary  outcome  measure  was  mean  improvement  in  exam
score between  the  two  exam  modules.  Participants  who  received  OCTAID  improved  their  exam
score significantly  more  than  those  who  received  conventional  educational  materials  (p  =  0.005).
Conclusion:  Use  of  OCTAID  is  associated  with  an  improvement  in  the  combined  skill  of  OCT  scan
recognition  and  patient  management  decisions.
© 2020  Spanish  General  Council  of  Optometry.  Published  by  Elsevier  España,  S.L.U.  This  is  an
open access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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ptical  Coherence  Tomography  (OCT)  has  become  a  key
iagnostic  technology  for  retinal  disease,  most  notably
acular  disease.  In  modern  spectral-domain  OCT  technol-

gy,  two-  or  three-dimensional  cross-sectional  tomographic
mages  of  optical  reflectivity  are  captured  by  this  non-
nvasive  technique  which  delivers  a  micrometer-scale,
ross-sectional  image  through  retinal  tissue.  This  resembles

 histological  section  which  is  visible  without  the  need  for
emoval  and  processing  of  tissue  samples.1 OCT  scans  enable
icroscopic  defects  to  be  easily  viewed.  In  addition,  results

re  reproducible  and  quantitative.  These  properties  help  to
xplain  the  widespread  use  of  OCT  in  clinical  practice.2

Although  OCT  provides  accurate  and  reproducible  infor-
ation  in  qualitative  and  quantitative  formats,  it  is

hallenging  for  the  novice  user  to  acquire  the  skills  to  inter-
ret  this  information  correctly.  This  is  because  OCT  scans
eveal  retinal  detail  previously  unseen  by  clinicians  and  lim-
ted  guidance  exists  to  assist  practitioners  using  OCT  to
ake  diagnostic  and  referral  decisions.3 There  is,  there-

ore,  a  need  for  training  tools  to  provide  optometrists  with
he  knowledge  and  skills  to  use  OCT  for  accurate  diagnosis
nd  to  help  them  make  appropriate  management  decisions
e.g.,  what  cases  to  refer  to  an  ophthalmologist  and  with
hat  urgency,  how  frequently  to  monitor,  etc.).

Age-related  macular  degeneration  (AMD)  is  the  leading
ause  of  blindness  in  the  developed  world.4 The  progno-
is  for  an  increasing  number  of  patients  with  neovascular
wet)  AMD  has  improved  due  to  recent  developments  in  anti-
ascular  endothelial  growth  factor  (anti-VEGF)  treatments.
his  has  resulted  in  an  influx  of  new  patients  into  special-

st  retinal  clinics.5 The  timing  of  the  referral  is  crucial  in
et  AMD  as  delay  in  diagnosis  and  treatment  is  associated
ith  severe  visual  loss.6,7 Ideally,  treatment  of  confirmed
et  AMD  should  be  within  two  weeks  of  initial  development
f  symptoms  or  detection  of  a  treatable  lesion.8 It  has  been
eported  that  fewer  than  half  of  people  suffering  from  wet
MD  in  the  United  Kingdom  (UK)  receive  treatment  within
he  recommended  two-week  timeframe  and  3.5%  wait  more
han  eight  weeks  for  an  appointment  following  referral.
hese  statistics  are  likely  to  worsen  as  a  result  of  clinical
apacity  challenges  from  the  COVID-19  pandemic.
AMD  services  in  the  UK  hospital  eye  service  have  had  to
dapt  to  increased  demand  and  this  is  mirrored  in  Spain9 and
ther  European  countries.10,11 Intravitreal  injection  of  anti-
EGF  agents  is  associated  with  substantial  hospital  workload

20
ecause  frequent  follow-up  of  these  patients  is  required
nd  it  is  difficult  to  discharge  patients  to  free  capacity  for
ew  referrals.12,13 The  challenges  of  meeting  the  demand
or  these  services  have  been  exacerbated  by  the  COVID-19
andemic.

Community  follow-up  of  previously  treated  and  stable
MD  patients  by  suitably  trained  optometrists  may  reduce
he  burden  on  hospital-based  AMD  services  and  has  the
dvantage  of  bringing  services  into  the  community,  closer  to
he  patient.  New  imaging  techniques  such  as  (OCT)  are  help-
ul  in  identifying  fundamental  diagnostic  features  of  AMD
nd  conditions  that  can  mimic  AMD.

Macular  disease  has  a widely  variable  clinical  presenta-
ion  and  a  sometimes  unpredictable  natural  history.14 OCT
as  become  a  mainstream  technology  in  clinical  practice,
nd  is  even  performed  by  non-specialist  personnel  in  some
ettings.15 However,  the  question  of  whether  OCT  becomes
he  new  standard  for  ocular  assessment  in  optometric  prac-
ice  will  be  heavily  influenced  by  the  quality  of  education
nd  training  of  optometrists  in  interpreting  OCT  images.

Learning  conducted  via  electronic  media  is  employed
y  medical  educators  and  web-based  delivery  of  education
e-learning)  has  revolutionised  modes  of  exchanging  infor-
ation.  Optometric  educators  are  embracing  this  trend.  In

oday’s  increasingly  technologically-driven  learning  environ-
ent,  it  is  important  for  optometric  educators  to  consider

ow  to  reach  students  in  the  most  effective  way.16 This
oncept  is  strongly  embedded  in  this  study’s  design  and
ationale.

The  aim  of  this  research  is  to  develop  and  test  an  online
iagnostic  guide  designed  to  improve  the  diagnosis  and  opto-
etric  management  of  central  retinal  lesions  using  OCT.

aterials and methods

n  overview  of  the  study  is  presented  in  Fig.  1.  This  high-
ights  the  three  phases  of  the  research  which,  together  with
heir  aims,  are  summarised  below:

.  Development  of  an  online  diagnostic  guide  (OCTAID)  with
the  aim  of  improving  the  diagnosis  and  optometric  mana-
gement  of  central  retinal  lesions  using  OCT.

.  Design  an  online  assessment  in  the  form  of  two  exams

using  the  ‘Visual  Recognition  and  Investigation  of  Clinical
Signs’  (VRICS)  format  based  on  OCT  images.  The  assess-
ment  uses  online  clinical  vignettes,  and  questions  are
presented  in  multiple  choice  format.  The  aim  of  devel-
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Development of OCTAID website

Development of clinical vignettes 

and  exa m qu estions for Exa m 1and  

Exa m 2

Review of vignett es and  exa ms by

an expert panel –recommendations 

of panel implemented

Pil ot stud y 

Rec ruitment   - (optometrists at all  

levels of experience)

Randomisa tion – par ticipants 

randomised into the stud y (OCTAI D) 

group  or c ontrol group

OCTAID –  3 sub group s formed 

representing 3 levels of prior OCT 

experience

CONTROL  –3 sub group s formed 

representing 3 levels of prior OCT 

experience

Exa m 1 –data c oll ected 

Randomisa tion preserved

Exam 1  –data c oll ected 

Rand omisa tion preserved

Education al intervention  –

par ticipants given acc ess  to OCTAI D 

website

Education al inte rvention  –Control 
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materials)
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Figure  1  Flow  chart  sho

oping  the  exams  is  to  provide  a  tool  for  the  assessment
of  OCTAID  in  a  randomised  controlled  trial.

.  Conduct  a  randomised  controlled  trial  using  the  online
vignettes  to  compare  the  improvement  in  performance
of  two  groups  of  optometrists,  after  receiving  different
educational  interventions  to  aid  and  improve  OCT  diag-
nostic  skills:  the  experimental  group  received  OCTAID
and  the  control  group  received  a  control  intervention.
The  aim  of  the  randomised  controlled  trial  is  to  investi-
gate  the  efficacy  of  OCTAID  compared  with  conventional
OCT  resources.

he  development  of  OCTAID
he  internet  has  become  an  essential  part  of  everyday  life
nd  has  also  become  central  to  the  education  of  healthcare
ractitioners.18,19

b
t
t
t

20
 an  overview  of  the  study.

For  the  present  research,  a  new  information  resource,
iagnostic  algorithm  and  training  platform  for  OCT  inter-
retation  was  developed  (OCTAID).  OCTAID  is  an  interactive
ebsite  that  uses  branching  logic  and  contains  over  390

mages.
The  main  diagnostic  arm  of  the  OCTAID  website  (Start

iagnosis)  is  organised  with  the  branching  logic  of  an
lgorithm  and  essentially  invites  the  clinician  to  describe
hat  they  are  seeing  and  identify  what  retinal  layer  is

nvolved  (‘‘What  is  it  and  where  is  it?’’).  Novice  OCT  prac-
itioners  might  choose  this  route  when  searching  for  a
iagnosis,  as  inexperienced  clinicians  often  adopt  an  algo-
ithmic  approach  to  diagnosis.  Experienced  practitioners
ay  instantly  recognise  a  condition  (pattern  recognition)

ut  may  wish  to  confirm  this.  Their  starting  point  might
hen  be  from  the  alternative  diagnostic  arm  (‘‘I  know  what
his  is’’).  This  section  of  the  OCTAID  site  contains  the  same
ype  of  branching  logic  of  an  algorithm  (both  sections  are
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Journal  of  Optome

inked).  At  the  conclusion  of  this  diagnostic  arm  the  user  is
nvited  to  consider  an  alternative  diagnosis.  This  is  partic-
larly  important  in  the  diagnosis  of  ‘wet’  AMD  which  has
everal  mimicking  conditions  for  which  the  OCT  appear-
nces  are  very  similar  but  patient  management  decisions  are
arkedly  different.  The  OCTAID  site  also  contains  sections

n  scanning  protocols,  instrument  artefacts  and  the  normal
acula.

he  control  intervention

ome  educational  materials  for  OCT  data  interpretation  are
reely  and  readily  available  online,  but  it  was  not  assumed
hat  all  participants  would  have  access  to  these  materials  or
ould  have  sufficient  background  knowledge  of  OCT  to  con-
uct  an  effective  search  for  relevant  resources/materials.
or  this  reason,  the  control  group  was  given  access  to  a  paper
n  OCT  interpretation  (with  permission  from  the  copyright
older).  This  paper  provided  an  introduction  to  OCT  of  suf-
cient  quality  and  relevance  to  the  vignettes  used  in  this
tudy  to  enable  further  searches  for  information  required
o  answer  questions  within  the  assessments.  The  publica-
ion  contained  images  of  common  macular  conditions  and
dvice  on  their  interpretation  and  it  was  designed  primar-
ly  for  clinical  reference  by  interns  and  doctors  as  well  as  a
tudent  resource.  This  guide  was  developed  as  part  of  a  Mas-
er  of  Science  in  Vision  Science  project  by  Pacific  University
ollege  of  Optometry  students.19

Participants  allocated  to  the  control  group  were  given
he  control  intervention  and  also  permitted  to  use  whatever
CT  information  resources  they  would  normally  use.  Parti-
ipants  allocated  to  the  OCTAID  (experimental)  intervention
ere  permitted  to  use  whatever  OCT  resources  they  would
ormally  use  and  additionally  received  access  to  the  OCTAID
ebsite.

he  expert  panel

n  expert  panel  was  recruited  to  play  an  advisory  role  in
he  design  of  OCTAID  and  to  act  as  a  ‘reference  standard’  in
ssessing  practitioners’  skills  by  forming  a  consensus  opin-
on  on  diagnosis  and  management,  based  on  OCT  scans.  The
anel  comprised  two  optometrists,  two  consultant  ophthal-
ologists  with  a  special  interest  in  medical  retina  conditions

nd  a  biomedical  scientist  with  specialist  knowledge  of  OCT.
ll  panel  members  were  familiar  with  OCT  imaging  and  inter-
retation.  There  is  a  case  for  the  use  of  a  heterogeneous
anel  made  up  of  experts  with  different  backgrounds  (within
he  area  of  interest)  which  reduces  the  risk  of  domination
y  a  particular  expertise.20

he  exam  tasks

he  exam  tasks  were  online  assessments  designed  to  evalu-
te  OCT  diagnostic  skills.  The  first  assessment  took  place  at
he  beginning  of  the  research  (before  participants  received

heir  interventions)  and  the  second  after  the  interventions.
he  exam  tasks  were  not  time-limited  and  an  ‘‘open  book’’
pproach  was  used.  The  rationale  for  this  decision  is  that  a
‘closed  book’’  timed  examination  would  be  likely  to  impact

t
n
a

20
4  (2021)  206---214

dversely  on  recruitment  and  it  would  be  impossible  to  mea-
ure  the  degree  of  compliance  to  a  closed  book  assessment
n  a  non-invigilated  exam  setting.

When  developing  the  exam  tasks  the  research  team  and
xpert  panel  scrutinised  the  OCTAID  site  and  the  control
ducational  intervention  to  ensure  that  exam  questions
ere  not  biased  to  favour  either  intervention.  Similarly,  the
xpert  panel  verified  that  exam  questions  were  pitched  at  a
easonable  level  of  difficulty  and  concentrated  on  macular
onditions  which  optometrists  would  regularly  encounter  in
ommunity  practice.

Each  exam  task  consisted  of  8  sets  of  questions  (3
uestions  in  each  set)  presented  as  clinical  vignettes  and
ncluding  OCT  images,  followed  by  a  further  8  questions
hich  tested  the  participant’s  general  OCT  knowledge.  Both
xams  used  multiple  choice  question  (MCQ)  format.  The
oftware  did  not  allow  participants  to  return  to  a  ques-
ion  once  it  had  been  answered  because,  in  some  cases,
he  answer  to  a  question  was  revealed  in  subsequent  ques-
ions.  The  first  exam  task,  containing  32  questions,  was
resented  before  the  educational  intervention.  The  second
xamination,  containing  32  different  questions,  was  pre-
ented  after  the  educational  intervention.  Each  exam  had

 specific  release  date  (separated  by  3  weeks).  It  was  not
ossible  for  all  participants  to  start  the  exam  tasks  together
ut  participants  were  prevented  from  proceeding  with  the
econd  exam  until  they  completed  the  first.  Participants
ere  encouraged  to  use  the  time  interval  between  exams

o  familiarise  themselves  with  the  educational  material  pro-
ided  (the  interventions).  There  was  no  need  to  memorise
ny  of  the  educational  material  because  the  participants
ad  access  to  the  materials  during  the  exams,  as  they  would
n  clinical  practice.  Although  the  exam  questions  were  dif-
erent  for  each  exam  task,  they  tested  participants  on  a
imilar  range  of  ocular  conditions  with  equivalent  levels  of
ifficulty.  Some  questions  for  each  OCT  image  tested  par-
icipants’  diagnostic  skills  (image  interpretation)  with  the
emainder  testing  participants’  management  skills  (referral
ecision,  review  period,  likely  treatment).  Questions  were
tructured  in  a  stepwise  fashion.  The  maximum  score  avail-
ble  for  each  exam  was  32.

ecruitment  and  masking

articipants  were  recruited  by  the  researchers  publicising
he  research  to  the  optometric  community  primarily  via  a
umber  of  online  optometry  forums  and  by  snowball  sam-
ling  (chain  referral  sampling)  whereby  forum  members
ere  asked  to  forward  details  of  the  study  to  their  opto-
etric  acquaintances.  The  only  inclusion  criterion  was  that

ll  participants  were  required  to  be  community  optometrists
ith  an  interest  in  OCT.  Further  criteria  were  not  necessary
ecause  the  goal  was  to  recruit  optometrists  with  varying
evels  of  OCT  experience  including  those  who  may  not  have
ad  access  to  OCT  equipment.  The  study  was  conducted
etween  2nd  May  2016  and  22nd  July  2016  and  involved
ommunity  optometrists  from  the  UK.
The  study  did  not  take  account  of  variables  such  as  par-
icipant  age  or  length  of  time  qualified  because,  due  to  the
ovel  nature  of  OCT  images  in  optometric  practice  in  the  UK
t  the  time  of  the  study,  few  if  any  participants  would  have
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participants  from  the  study  (OCTAID)  group  completed  the
P.  Grace,  B.J.W.  Ev

ignificant  prior  experience  of  OCT.  It  was  considered  much
ore  relevant  to  assess  their  experience  with  OCT  than  their

ge  or  time  since  qualification.
When  participants  responded  to  publicity  about  the

tudy,  they  were  sent  a  questionnaire  designed  to  establish
revious  OCT  experience.  Participants  were  asked  to  esti-
ate  how  often  they  assessed  OCT  scans,  which  was  thought
referable  to  asking  participants  to  arbitrarily  rank  them-
elves  as  ‘novice’,  ‘intermediate’  or  ‘expert’.  Participants
ere  asked  to  choose  one  of  three  options  in  a  question-
aire  about  how  many  OCT  scans  they  viewed  and  assessed,
n  any  context  or  situation,  in  a  typical  month:  less  than
;  between  5  and  10;  more  than  10.  Participants  were  not
xcluded  on  the  basis  of  previous  OCT  experience  but  the
nalysis  investigated  the  effect  of  experience.

A  pragmatic  approach  to  masking  was  adopted  because
he  researcher  dealing  with  recruitment  (PG)  was  required
o  upload  participant  details  onto  the  online  exam  host
LearnUpon)  platform  to  assign  participants  to  the  cor-
ect  group  (OCTAID  or  control).  This  ensured  participants
ere  assigned  to  the  appropriate  intervention  and  involved

egistering  an  email  address  for  each  participant  in  prepa-
ation  for  automated  invitations  and  reminders  from
earnUpon.  The  researchers  required  contact  via  parti-
ipants’  email  throughout  the  study,  not  only  to  answer
ueries  and  deal  with  IT  issues  but  also  to  keep  partici-
ants  engaged,  focussed  and  motivated.  Participants  were
ot  informed  which  study  group  they  were  assigned  to
nd  remained  unaware  until  after  completion  of  the  first
xam  task,  at  which  point  they  were  provided  with  a live
ink  to  the  relevant  OCT  training  intervention  (OCTAID  or
ontrol).  Obviously,  it  was  not  possible  to  avoid  parti-
ipants  recognising  the  nature  of  the  interventions  they
eceived.

All  participants  were  informed  that  they  would  have  free
ccess  to  the  OCTAID  site  after  completion  of  both  exam
odules.  It  was  hoped  that  this  would  reduce  participant

ttrition  from  the  control  group.
The  online  exam  host  (LearnUpon)  hosted  two  courses

or  this  study  (OCTAID  and  control)  which  were  identical
xcept  for  the  educational  intervention  following  comple-
ion  of  the  first  exam  task.  Once  assigned  to  a  course  on
earnUpon  (and  a  subgroup  for  more  detailed  analysis),  par-
icipants  could  not  be  moved  to  another  group,  even  in  the
vent  of  unequal  sized  groups  following  withdrawals,  failure
o  register  or  enrol  or  failure  to  start  or  finish  the  course.
he  integrity  of  the  original  process  of  randomisation  was
herefore  preserved  at  the  risk  of  attrition  affecting  the
umber  of  participants  in  one  study  group  disproportion-
tely.

UK  optometrists  are  required  to  provide  evidence  of  con-
inuing  education  and  training  (CET)  in  the  form  of  CET
oints  from  a  statutory  regulatory  body,  the  General  Optical
ouncil.  The  interventions  and  vignettes  were  approved  for
ET  points  and  points  were  awarded  for  successful  comple-
ion  of  each  of  the  two  exams  within  the  study.

andomisation
articipants  were  given  a  unique  identification  code  and
ivided  into  3  groups  depending  on  their  prior  level  of  OCT
xperience.  Both  the  unique  ID  and  level  of  OCT  experience

fi
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ere  written  on  a  piece  of  paper,  folded  and  placed  in  one
f  3  boxes  based  on  OCT  experience.  The  contents  of  each
ubgroup  box  were  further  divided  in  half  by  a  third  party
andomly  choosing  half  of  the  pieces  of  paper.  Half  of  each
ubgroup  was  allocated  to  the  study  (OCTAID)  group,  with
he  other  half  being  allocated  to  the  control  group.  The
uthors  played  no  part  in  allocating  participants  to  study
roups.

ilot  study

he  study  was  piloted  by  6  optometrists  with  varying  degrees
f  OCT  experience,  selected  on  the  basis  of  their  previous
CT  experience  as  defined  by  the  questionnaire  used  in  the
ain  study.  Pilot  participants  all  recommended  that  the  MCQ

xam  modules  should  be  shortened.  In  response,  each  exam
ask  was  shortened  from  40  questions  in  the  pilot  exam  to  32
uestions  for  the  main  study.  Care  was  taken  to  ensure  that
he  abridged  assessment  covered  the  same  range  of  macular
onditions  and  remained  comprehensive  and  thorough.  Pilot
articipants  expressed  no  other  concerns.

tatistical  analysis

tatistical  analysis  was  conducted  using  SPSS  (21)  software.
ategorical  data  were  summarised  as  numbers  and  propor-
ions.  Participants’  pass/fail  rate  was  described  and  groups
ormally  compared  using  Chi-square  tests.  In  the  case  of  the
econd  exam  assessment,  there  were  low  numbers  in  one
ell  (only  3  fails  in  exam  2  for  the  OCTAID  group).  Because
f  these  low  numbers  Fishers  Exact  test  was  the  appropriate
est  to  use  for  the  2  ×  2  table  for  the  second  exam  results
nd,  to  maintain  consistency,  this  test  was  also  used  for
omparing  groups  in  the  first  exam  assessment.

The  main  outcome  variable  was  the  improvement  in
xam  score,  calculated  as  the  score  in  exam  2  minus  the
core  in  exam  1,  which  could  be  positive  or  negative.
he  improvement  variable  was  tested  for  normality  by

nspecting  the  frequency  distribution  and  carrying  out  the
hapiro---Wilks  test  in  each  group.  The  improvement  in  each
f  the  two  groups  was  compared  using  an  unpaired  t-test  or
ann---Whitney  U  test  as  appropriate.

esults

CTAID  v  control

f  the  160  signed  consent  forms  returned  by  potential  par-
icipants,  50%  (80)  were  randomly  allocated  to  the  OCTAID
roup  and  50%  to  the  control  group.  A  total  of  118  par-
icipants  who  returned  their  signed  consent  forms  (74%)
articipated  fully  in  training  and  completed  both  assess-
ents.
Participants  were  randomly  allocated  to  groups  and

nrolled  at  the  outset  of  the  study  and,  therefore,  before
he  results  of  the  first  assessment  were  known.  Fifty-three
rst  exam  with  a  mean  score  of  67.2%  (SD  14.2).  Sixty-
ve  participants  from  the  control  group  completed  the  first
xam  achieving  a mean  score  of  63.7%  (SD  15.4)  with  no  sta-
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Figure  2  Box  and  whisker  chart  showing  score  improvement
(OCTAID  v  control).
The  box  represents  the  upper  and  lower  quartiles  so  the  box
spans  the  interquartile  range  ----  the  median  is  marked  by  the
horizontal  line  inside  the  box.  The  whiskers  are  the  two  lines
outside  the  box  that  extend  to  the  highest  and  lowest  observa-
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Figure  3  Box  and  whisker  chart  showing  score  improvement
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ions, excluding  outliers  (there  were  no  outliers  in  this  data).

istically  significant  difference  between  group  mean  scores
p  =  0.21,  independent  samples  t-test).

In  the  second  exam  (post-intervention)  the  OCTAID  group
ean  score  was  80.6%  (SD  12.3).  The  control  group  mean

core  was  70.9%  (SD  13.1)  and  the  difference  between  the
roup  mean  scores  was  statistically  significant  (p  <  0.001).

The  primary  outcome  measure  was  the  improvement  in
xam  score  (score  in  exam  2  minus  the  score  in  exam  1).
he  distribution  of  the  improvement  variable  was  tested
y  inspecting  frequency  distributions  in  both  main  groups
OCTAID  and  control)  and  carrying  out  the  Shapiro---Wilks
est,  which  confirmed  distributions  that  did  not  differ  sig-
ificantly  from  a  normal  distribution  (p  >  0.25).  The  mean
mprovement  in  exam  performance  in  the  OCTAID  group  was
3.4%  (SD  12.7).  The  mean  improvement  in  exam  perfor-
ance  in  the  control  group  was  7.2%  (SD  11.8).  Applying

he  independent  samples  t-test,  the  OCTAID  group  showed  a
ignificantly  greater  improvement  in  mean  exam  score  com-
ared  with  the  control  group  (p  =  0.005).  The  improvement
n  participants’  scores  between  exam  1  (before  intervention)
nd  exam  2  (after  intervention)  is  illustrated  in  the  box  and
hisker  chart  (Fig.  2).

he  effect  of  experience

articipants’  OCT  experience  was  classified  as  one  of  three
evels:  inexperienced  or  ‘novice’,  intermediate  and  expe-
ienced.  Participants  in  the  intermediate  subgroups  were
mall  in  number  (6  in  the  control  group  and  3  in  the  OCTAID
roup)  therefore  their  exam  scores  were  not  subjected  to
etailed  analysis.

The  ‘novice’  subgroups  (n  =  21  for  the  OCTAID  group,

 =  19  for  the  control  group)  performed  similarly  in  the
rst  assessment  with  a  mean  score  of  57.7%  (SD  13.9)  for
he  OCTAID  subgroup  and  58.0%  (SD  16.7)  for  the  con-

t
(
s

21
n exam  scores  (OCTAID  v  control)  for  the  novice  subgroups.

rol  subgroup  with  no  significant  difference  between  means
p  =  0.95,  t-test).

The  mean  exam  2  score  for  the  OCTAID  novice  sub-
roup  was  77.8%  (SD  15.4)  compared  with  65.2%  (SD
5.9)  for  the  control  novice  subgroup.  The  OCTAID  novice
ubgroup  improved  their  mean  exam  score  by  20.1%  com-
ared  with  a  mean  improvement  of  7.2%  in  the  control
ovice  subgroup.  The  independent  samples  t-test  demon-
trated  statistically  significantly  better  outcomes  in  terms
f  mean  score  improvement  in  the  OCTAID  novice  subgroup
p  =  0.001).  The  primary  outcome  measure  of  exam  score
mprovement  for  each  group  is  summarised  in  the  box  and
hisker  chart  (Fig.  3).

As  expected,  the  experienced  subgroups  performed  best
n  both  exams  with  the  OCTAID  subgroup  (n  =  29)  achiev-
ng  a  mean  score  of  73.5%  (SD  11.0)  in  exam  1  compared
ith  68.7%  (SD  13.3)  in  the  control  subgroup  (n  =  40)  with  no

ignificant  difference  between  mean  scores  (p  =  0.12).
The  mean  exam  2  score  for  the  OCTAID  experienced  sub-

roup  was  82.6%  (SD  9.9)  vs  74.5%  (SD  11.2)  for  the  control
xperienced  subgroup.  Although  the  experienced  OCTAID
ubgroup’s  mean  exam  score  improved  by  9.1%  compared
ith  5.8%  in  the  control  subgroup,  there  was  no  statistically

ignificant  difference  in  mean  improvement  (p  =  0.25).
The  primary  outcome  measure  of  score  improvement  is

ummarised  in  the  box  and  whisker  chart  (Fig.  4).

econdary  outcome  measures

etting  a  pass  mark
he  exams  received  accreditation  (with  a  pass  mark  of  60%)
rom  the  UK  regulatory  body,  (the  General  Optical  Coun-
il,  GOC)  that  governs  optometric  Continuing  Education  and
raining  (CET).  Using  this  60%  pass  mark,  the  difference  in
ass  rate  between  the  study  and  control  groups  was  used  as

 secondary  outcome  measure.
There  was  no  statistically  significant  difference  between
he  OCTAID  (Pass  rate  =  71.7%,  38/53)  and  control  groups
Pass  rate  =  61.5%,  40/65)  in  the  first  exam  (Fisher’s  two-
ided  exact  test,  p  =  0.33).

1
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approach  was  adopted.  However,  the  integrity  of  the  origi-
igure  4  Box  and  whisker  chart  comparing  score  improve-
ent (OCTAID  v  control)  for  the  experienced  subgroups.

There  was  a  statistically  significant  difference  in  pass
ate  between  the  OCTAID  (Pass  rate  =  94.3%,  50/53)  and  con-
rol  group  (Pass  rate  =  75.4%,  49/65)  in  the  second  exam
hich  followed  the  educational  intervention  (p  =  0.006).

Chi  square  analysis  of  the  pass  rate  showed  no  signif-
cant  difference  between  the  OCTAID  (Pass  rate  =  47.6%,
0/21)  and  control  (Pass  rate  =  47.4%,  9/19)  novice  sub-
roups  in  exam  1  (Fisher’s  two-sided  exact  test,  p  =  1.00).
owever,  a  statistically  significant  difference  was  demon-
trated  between  groups  in  their  pass  rate  in  exam  2,  with
he  OCTAID  novice  subgroup  (Pass  rate  =  90.5%,  19/21)  out-
erforming  the  control  novice  subgroup  (Pass  rate  =  47.4%,
/19)  (p  =  0.005).

No  significant  difference  between  the  OCTAID  (Pass
ate  =  86.2%,  25/29)  and  control  (Pass  rate  77.5%,  31/40)
xperienced  subgroups  was  demonstrated  from  the  Chi
quare  analysis  of  the  pass  rate  in  exam  1  (p  =  0.54).

Similarly,  Chi  square  analysis  of  the  pass/fail  results  in
xam  2  showed  no  significant  difference  between  the  two
xperienced  subgroups  in  terms  of  pass  rate  (p  =  0.39).

onitoring  use  of  the  OCTAID  website
he  use  of  the  OCTAID  site  was  monitored  throughout  the
tudy  using  Google  Analytics  software.  The  number  of  vis-
tors  to  the  site  equalled  the  number  in  the  OCTAID  study
roup  so  it  was  reasonable  to  assume  that  these  visitors  to
he  site  represented  this  group.

easuring  participants’  use  of  educational  interventions
nd  time  taken  to  complete  the  exam  tasks
articipants  were  asked  (using  short  electronic  question-
aires  linked  to  the  online  study  modules)  how  long  it  took
hem  to  complete  each  exam  task  and  how  long  they  spent
tudying  the  OCT  educational  tools  provided  for  the  study.

Participants  from  both  the  OCTAID  and  control  groups
ere  asked  how  much  time  they  spent  completing  exam  1
nd  all  118  participants  answered  this  question.  Based  on

eedback  from  the  participants  in  the  pilot  study,  data  were
ollapsed  into  two  categories,  namely  <90  min  (40  partici-
ants  from  the  OCTAID  group  and  54  from  the  control  group)
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nd  >90  min  (13  participants  from  the  OCTAID  group  and  11
rom  the  control  group)

There  was  no  statistically  significant  difference  between
he  OCTAID  and  control  groups  in  terms  of  time  spent  com-
leting  exam  1  (Fisher’s  exact  two-sided,  p  =  0.36).

Participants  were  also  asked  how  long  they  spent  com-
leting  exam  2.  Eighty  participants  provided  a  response  to
his  question  (40  from  each  group).  Seventeen  participants
rom  the  OCTAID  group  and  27  from  the  control  group  took
ess  than  90  min  to  complete  the  second  exam.  Twenty-three
articipants  from  the  OCTAID  group  and  13  from  the  control
roup  took  more  than  90  min  to  complete  the  second  exam.

In  general,  the  OCTAID  group  spent  longer  completing  the
econd  exam  task  than  the  control  group  and  this  difference
n  proportions  just  reached  statistical  significance  (p  =  0.04).

Participants  in  both  groups  were  asked  how  much  time
hey  had  spent  studying  the  OCT  resources  (OCTAID  or
ontrol).  Four  ordinal  time  categories  were  created  for  par-
icipants  to  choose  from  in  the  questionnaire,  which  was
ompleted  immediately  after  the  second  exam  module.
hese  categories  were:  less  than  2  h  (25  from  the  OCTAID
roup  and  37  from  the  control  group),  2---4  h  (8  from  the
CTAID  group  and  3  from  the  control  group),  4---6  h  (5  from
he  OCTAID  group  and  0  from  the  control  group),  and  more
han  6  h  (2  from  the  OCTAID  group  and  0  from  the  control
roup).

Participants  in  the  OCTAID  group  spent  more  time  review-
ng  OCTAID  than  the  control  group  spent  reviewing  the
ontrol  educational  resource.  This  time  difference  in  the
wo  groups  was  statistically  significant  (p  =  0.01).

iscussion

his  study  indicates  that  use  of  OCTAID  is  associated  with
tatistically  significant  improvements  in  vignette  scores
hen  compared  with  the  group  using  conventional  OCT

esources.  This  improvement  is  greatest  and  statistically  sig-
ificant  in  a  subgroup  of  less  experienced  OCT  users  but
he  improvement  did  not  reach  significance  in  a  subgroup
f  more  experienced  OCT  users.

It  is  difficult  to  determine  which  aspect  of  OCTAID’s
esign  (e.g.,  its  website  delivery  or  its  illustrated
xplanatory  algorithm)  resulted  in  improved  vignette  task
erformance.  Accessing  clinical  information  via  the  web  may
e  more  intuitive  to  some  optometrists  and  less  intuitive  to
thers.  However,  there  is  a situational  relevance  to  using  an
nline  training  tool  employing  digital  OCT  images  to  improve
kills  at  interpreting  the  digital  images  that  OCT  provides.

As  acknowledged  in  another  study  with  an  exam  setting
ased  on  OCT  scans  and  clinical  vignettes,  results  may  not
e  fully  representative  of  a  participant’s  diagnostic  perfor-
ance  in  a  genuine  clinical  setting.21

This  study  was  subject  to  some  limitations.  Double
linding  (an  experimental  procedure  in  which  neither  the
articipants  nor  the  researchers  know  which  participants  are
n  the  experimental  and  control  groups  during  the  course
f  the  experiment)  was  not  possible  and  a  more  pragmatic
al  process  of  randomisation  was  preserved.  Also,  the  exam
odules  were  not  timed  and  it  is  possible  that  participants
ho  spent  more  time  in  researching  the  answers  to  ques-
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Access  to  OCTAID  is  provided  free  of  charge  to  practitioners.
OCTAID  was  developed  by  the  authors  without  sponsorship
from  any  commercial  interests.
Journal  of  Optome

ions  achieved  a  higher  result.  Whilst  it  could  be  argued
hat  this  may  have  been  a  factor  in  improving  the  exam
core  of  the  OCTAID  group,  participants  from  both  groups
ere  allowed  to  take  as  much  time  as  they  wished  to  com-
lete  the  exam  task.  Participants  using  the  OCTAID  site  may
ave  felt  more  confident  about  finding  answers  to  vignette
uestions  (perhaps  because  of  the  ease  of  navigation  of  the
CTAID  resource  or  a  strongly  held  belief  that  the  OCTAID
ite  would  provide  an  answer)  and  therefore  may  have  spent
ore  time  exploring  the  OCTAID  resource  during  the  exam

ask.  The  OCTAID  site  may  also  have  had  novelty  value  and
articipants’  curiosity  may  have  given  them  the  incentive  to
xplore  the  site  for  solutions  to  the  vignette  task.

However,  these  explanations  are  speculative  and  the  rea-
on  why  the  OCTAID  group  spent  more  time  studying  the
CTAID  intervention  than  the  control  group  spent  on  the
ontrol  intervention  cannot  be  determined  from  the  data  in
he  randomised  controlled  trial.

When  researching  the  answers  to  questions  in  the  exam
odules,  participants  in  both  the  OCTAID  and  control  groups
ere  permitted  to  use  whatever  resources  they  would
ormally  refer  to  when  making  a  diagnostic  or  patient  mana-
ement  decision  based  on  an  OCT  scan  in  their  everyday
ractice.  In  addition  to  this  the  OCTAID  group  were  provided
ith  a  link  to  the  OCTAID  website  and  the  control  group  were
rovided  with  a  link  to  a  conventional  OCT  resource.  Whilst
t  could  be  argued  that  the  control  intervention  provided  a
ess  comprehensive  knowledge  of  OCT  than  the  OCTAID  site,
he  study  was  testing  the  efficacy  of  the  OCTAID  site  com-
ared  with  conventional  OCT  resources,  of  which  the  control
ntervention  is  a  typical  example.  We  could  not  however  be
ertain  that  the  OCTAID  and  control  groups  were  accessing
esources  of  equivalent  content.  It  is  also  possible  that  some
articipants  in  the  OCTAID  group  had  access  to  the  control
ntervention  through  their  own  online  searches.

There  is  an  established  principle  in  medicine  that  diag-
ostic  tests  should  only  be  performed  where  they  are
linically  indicated  because  the  overuse  and  indiscriminate
se  of  diagnostic  tests  in  any  field  of  medicine  increases
alse  positive  referrals.22 Educational  tools  such  as  OCTAID
o  not  adequately  address  this  important  issue  although
he  improvement  in  diagnosis  and  management  skills  after
CTAID  is  an  encouraging  finding.

For  a  small  number  of  participants  (n  =  6  in  the  OCTAID
roup  and  n  =  15  in  the  control  group),  scores  in  the  second
xam  were  lower  than  in  the  first  exam  (by  an  average  of
.2%  in  the  OCTAID  group  and  7.8%  in  the  control  group).
ne  explanation  for  this  could  be  that,  although  consid-
rable  efforts  were  made  to  design  both  exams  to  have
he  same  level  of  difficulty,  it  is  inevitable  that  some
articipants  would  find  one  exam  less  difficult  than  the
ther.

The  OCTAID  group  as  a  whole  performed  better  (in  terms
f  exam  score  improvement)  than  the  control  group  but  took
onger  to  complete  the  second  exam  task  than  the  control
roup  in  what  was  an  ‘open  book’  exam.  Further  research  on
actors  influencing  diagnostic  accuracy  of  optometrists  using
CT  imaging  technology  may  help  to  confirm,  complement

r  challenge  our  findings.

Extensive  literature  searches  did  not  identify  any  similar
tudies  for  comparison  and  whilst  it  is  hoped  that  this  study
as  made  a  contribution  to  knowledge,  it  would  be  helpful

A

W
p
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f  it  could  be  shown  how  the  data  from  this  study  might
ompare  with  other  similar  studies.

In  recent  times  community  optometrists  have  faced
nprecedented  challenges,  not  only  in  how  they  are  pro-
iding  care  to  patients  but  also  in  how  to  continue  to
ducate  the  next  generation  of  optometrists.  The  current
OVID-19  pandemic  is  affecting  optometric  education  and
ractice  in  ways  that  may  disrupt  the  training  of  future
ye  care  professionals.  It  seems  likely  that  long  waits  for
ospital  eye  service  appointments  will  increase  the  use  of
ommunity  optometrists  with  OCTs  for  monitoring  macu-
ar  conditions.  It  is  more  important  than  ever  to  ensure
hat  the  optometry  community  has  access  to  high-quality
ducational  materials  to  ensure  trainee  preparedness  for
linical  challenges.  Large-scale,  global  efforts  to  utilise
echnology  in  support  of  remote  learning,  distance  educa-
ion  and  online  learning  during  the  COVID-19  pandemic  are
merging  and  evolving  quickly.  The  efficacy  demonstrated
ere  for  an  online  training  tool,  OCTAID,  is  an  encourag-
ng  finding  in  these  times  when  online  training  has  clear
dvantages.

onclusions

he  data  presented  in  this  study  indicate  benefits  from  a
ovel  diagnostic  tool,  OCTAID,  in  improving  the  ability  to
nterpret  OCT  central  retinal  scans  for  diagnosis  and  patient
anagement
The  potential  exists  for  OCTAID  to  be  used  as  an  online

raining  tool  for  optometrists  and  greater  improvements  in
iagnostic  accuracy  may  be  achieved  through  the  further
evelopment  of  the  OCTAID  site  following  feedback  and  the
ubmission  of  archive  images  from  multiple  users.

It  is  planned  to  develop  OCTAID  to  become  a  learner-
entred  model  of  OCT  education,  thus  providing  an
pportunity  for  optometrists  to  take  responsibility  for  their
wn  learning  within  a  unique  professional  community.  Prac-
itioners  will  be  invited  to  contribute  anonymised  OCT
mages  to  keep  OCTAID  as  a  continuously  updated  resource
nd  the  goal  is  to  keep  the  site  freely  available  to  eyecare
ractitioners.  With  standard  online  translation  tools,  lan-
uage  should  be  no  barrier,  facilitating  a  truly  international
ommunity.
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