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Abstract
Background:  Inasmuch  as  the  conventional  mouse  is  not  an  ideal  input  device  for  digital  pathol-
ogy, the  aim  of  this  study  was  to  evaluate  alternative  systems  with  the  goal  of  identifying  a
natural user  interface  (NUI)  for  controlling  whole  slide  images  (WSI).
Design: Four  pathologists  evaluated  three  webcam-based,  head-tracking  mouse  emulators:
Enable Viacam  (eViacam,  CREA  Software),  Nouse  (JLG  Health  Solutions  Inc),  and  Camera  Mouse
(CM Solutions  Inc).  Twenty  WSI  dermatopathological  cases  were  randomly  selected  and  exam-
ined with  Image  Viewer  (Ventana,  AZ,  USA).  The  NASA-TLX  was  used  to  rate  the  perceived
workload  of  using  these  systems  and  time  was  recorded.  In  addition,  a  satisfaction  survey  was
used.
Results: The  mean  total  time  needed  for  diagnosis  with  Camera  Mouse,  eViacam,  and  Nouse
was 18’57‘‘,  19’37’’  and  22’32‘‘,  respectively  (57/59/68  seconds  per  case,  respectively).  The
NASA-TLX  workload  score,  where  lower  scores  are  better,  was  42.1  for  eViacam,  53.3  for  Nouse
and 60.62  for  Camera  Mouse.  This  correlated  with  the  pathologists’  degree  of  satisfaction  on  a
scale of  1-5:  3.4  for  eViacam,  3  for  Nouse,  and  2  for  Camera  Mouse  (p<  0.05).
Conclusions:  Head-tracking  systems  enable  pathologists  to  control  the  computer  cursor  and
virtual slides  without  their  hands  using  only  a  webcam  as  an  input  device.

- Of  the  three  software  solutions  examined,  eViacam  seems  to  be  the  best  of  those  evaluated
in this  study,  followed  by  Nouse  and,  finally,  Camera  Mouse.

- Further  studies  integrating  other  systems  should  be  performed  in  conjunction  with  software
developments  to  identify  the  ideal  device  for  digital  pathology.
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rights reserved.
∗ Corresponding author.
E-mail address: edusqo@hotmail.com (E. Alcaraz-Mateos).

https://doi.org/10.1016/j.patol.2020.05.007
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PALABRAS  CLAVE
Patología  digital;
Interfaz  natural  de
usuario;
Ergonomía;
Ratón;
Dispositivo  de
entrada

Reconocimiento  facial  como  interfaz  de  usuario  para  el  manejo  de  la  imagen  en
patología  digital:  un  estudio  comparativo

Resumen
Introducción:  Considerando  que  el  ratón  convencional  no  es  el  controlador  ideal  en  patología
digital, el  objetivo  del  estudio  fue  evaluar  sistemas  alternativos  y  tratar  de  identificar  una
interfaz natural  de  usuario  para  controlar  preparaciones  digitalizadas.
Material y  métodos:  Cuatro  patólogos  evaluaron  tres  emuladores  de  ratón  con  reconocimiento
facial a  través  de  webcam: eViacam,  Nouse  y  Camera  Mouse.  Se  seleccionaron  20  casos  digital-
izados de  dermatopatología  aleatoriamente  para  su  diagnóstico,  empleando  el  software  Image
Viewer (Ventana,  AZ,  USA).  Se  utilizó  el  sistema  NASA-TLX  para  registrar  la  carga  de  trabajo
percibida  y  se  grabaron  los  tiempos.  Adicionalmente,  se  empleó  un  cuestionario  de  satisfacción.
Resultados:  El  tiempo  medio  requerido  para  diagnosticar  con  Camera  Mouse,  eViacam  y  Nouse
fue de  18’57’’,  19’37‘‘y  22’32’’,  respectivamente  (57/59/68  segundos  por  caso,  respectiva-
mente). La  carga  de  trabajo  NASA-TLX,  donde  registros  menores  implican  menor  carga,  fue
de 42,1  para  eViacam,  53,3  para  Nouse  y  60,62  para  Camera  Mouse,  correlacionándose  con  el
grado de  satisfacción  de  los  patólogos  en  una  escala  de  1-5:  3,4  para  eViacam  (3,4),  Nouse  (3)
y Camera  Mouse  (2)  (p  <  0,05).
Conclusiones:  El  reconocimiento  facial  posibilita  a  los  patólogos  el  control  del  cursor  y  las
preparaciones  virtuales  sin  utilizar  las  manos,  empleando  únicamente  una  webcam  como  dis-
positivo de  entrada.

- De  los  tres  sistemas,  eViacam  es  el  mejor  software  evaluado  en  este  estudio,  seguido  de
Nouse y,  finalmente,  de  Camera  Mouse.

- Deben  ser  desarrollados  estudios  adicionales,  integrando  otros  sistemas,  en  conjunción  con
el desarrollo  de  software  para  alcanzar  el  sistema  ideal  en  patología  digital.
© 2020  Sociedad  Española  de  Anatomı́a  Patológica.  Publicado  por  Elsevier  España,  S.L.U.  Todos
los derechos  reservados.
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nly  recently  have  pathologists  started  to  implement  digi-
al  pathology  and  the  use  of  whole  slide  image  (WSI)  files,
nd  the  proper  input  device  for  dealing  with  a  digital  envi-
onment  has  not  yet  been  established  since  the  traditional
ouse  may  not  be  optimal  as  a  navigator  tool  for  examining
SIs.1 In  addition,  reading  WSIs  is  perceived  to  take  con-

iderably  more  time  than  conventional  microscopy.2,3 From
he  perspective  of  ergonomics  and  time  optimization,  few
roups4---8 have  shown  interest  in  investigating  alternatives
o  the  conventional  mouse,  such  as  touchpads  or  multitouch
creens,4 a  vertical  mouse,  trackballs,  a  touchless  device
LeapMotionTM),5 RollermouseTM,  a  videogame  controller,6 a
imicker  of  a  microscope  stage:  the  so-called  Ergopointer,TM

 6  degrees-of-freedom  navigator7 and  even  speech  recog-
ition  systems,8 among  others.

Human---computer  interaction  (HCI)  studies  the  way
umans  interact  with  computers  using  the  senses  of  sight
graphic  interface  and  video  camera),  hearing  (speakers  or
eadphones  and  microphone)  and  touch  (input  devices).  The
ffector  systems  are  mainly  the  hand  and  the  fingers  on
he  keyboard  and  the  mouse.  Voice  and  speech  recogni-
ion  systems,9,10 as  well  as  eye,11 face12 or  body  movement

13
etection can  also  play  a  part,  as  they  are  considered
atural  user  interfaces  (NUI).

Gaze  is  also  considered  a  natural  mode  of  input.  It  is
uite  easy  to  focus  on  items  only  by  looking  at  them.14 It  is

f
u
o

o  intuitive  that  it  requires  very  little  or  no  training  at  all.15

aze-based  systems  are  also  very  fast  as  pointing  devices.
ssuming  the  targets  are  large  enough,  they  are  faster  than,
hough,  in  general,  not  as  accurate  as,  the  widely  used
onventional  mouse.16 This  concept  has  considered  since  at
east  the  1960s:  if  astronauts  could  control  their  maneuver-
ng  units  with  their  eyes,  then  their  hands  could  do  a  better
ob  of  controlling  other  parts  of  the  spacecraft.  However,
ontrolling  computers  using  gaze  was  first  achieved  in  the
980s.  Moving  one’s  eyes  or  even  head  is  natural,  requires
ittle  conscious  effort  and  frees  the  hands  for  other  tasks.
iven  that  all  on-screen  objects  reached  by  the  gaze  can
otentially  be  activated  (the  so-called  Midas  touch  effect),
he  dwell  time  (the  time  a  user’s  eye  rests  on  an  interface
lement),  configured  in  the  settings  for  all  these  software
ystems,  helps  to  avoid  this  issue.  It  can  also  be  solved  using
ther  methods:  mouth  as  a  clicking  button,  voluntary  blink-
ng,  a  pedal  or  any  other  tool  to  activate  the  item  previously
elected  by  gaze.17

A  low-cost  alternative  to  infrared  eye-tracking  tech-
ologies  is  head-based  interaction  that  allows  for  cursor
ontrol  using  webcam-based  software,  such  as  Nouse18 or
ameraMouse.19 These  mouse  emulators  are  much  cheaper
han  eye-trackers  which  normally  cost  several  thousand
ollars.  All  these  technologies  have  been  widely  used  in  dif-

erent  fields.  In  medicine,  eye-tracking  analysis  has  been
tilized  for  the  study  of  neurological  diseases.20 In  the  field
f  medical  education  and  simulation,  trainee  performance
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Figure  1  Video  tutorial  screenshot.

improvement  has  also  been  investigated  through  the  study
of  different  gaze  patterns.  In  this  sense,  both  radiologists
and  pathologists  have  also  used  it  to  assess  differences  in
expertise  while  reporting  cases.21,22 Finally,  gaze  is  widely
used  as  an  interaction  tool,  improving  communication  for
patients  with  physical  disabilities  that  limit  their  movement.

Design

With  the  aim  of  identifying  a  natural  user  interface  for  con-
trolling  WSIs,  we  decided  to  compare  3  free  head-tracking,
webcam-based  mouse  emulators.  The  following  three  sys-
tems  were  included  in  this  comparison:  Enable  Viacam
(eViacam,  CREA  Software),  Nouse  (JLG  Health  Solutions  Inc),
and  Camera  Mouse  (CM  Solutions  Inc).  The  webcam  used  was
a  middle  market  Logitech  C170  and  the  display  was  a  30-inch
Barco  Coronis  Fusion  4-MP.  The  tests  were  performed  on  a  HP
desktop  running  Windows  7  operating  system  (64-bit)  with
8GB  RAM.  One  of  the  authors  of  this  study,  a  medical  stu-
dent  from  the  International  Federation  of  Medical  Students’
Associations  (IFMSA)  exchange  program,  reviewed  the  per-
formance  of  the  3  software  solutions  and  a  video  tutorial  was

recorded  (available  at  https://youtu.be/Muwy4moM2Ng).
For  this  comparison,  20  WSIs  were  randomly  selected  from
a  general  pool  of  60  digitized  dermatopathology  cases  of
average  difficulty,  including  inflammatory,  melanocytic  and
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on-melanocytic  neoplastic  lesions.  They  were  scanned  at
0x  magnification  using  the  iScan  scanner  (Ventana,  AZ,
SA),  and  these  files  were  presented  to  four  consultant
istopathologists  (37,  52,  57,  and  58  years  of  age)  using
he  Image  Viewer  software  (Ventana,  AZ,  USA).  The  NASA
ask  Load  Index  (TLX),  a well-known  and  widely  used  instru-
ent,  was  employed  to  rate  the  perceived  workload  of

sing  these  systems  to  reach  a  diagnosis  while  time  was
ecorded.  NASA-TLX  is  a  multidimensional  rating  procedure
hat  provides  an  overall  workload  score  based  on  a  weighted
verage  of  ratings  on  six  subscales:  mental  demands,  phys-
cal  demands,  temporal  demands,  own  performance,  effort
nd  frustration.23 In  addition,  a  5-point  Likert  scale  sat-
sfaction  survey  was  used,  which  included  the  following
omponents:  comfort,  adaptation  time,  cursor  movement,
oal  achievement,  prolonged  use  and  general  satisfaction.
tatistical  analysis  was  conducted  using  SPSS  V24  (fig.  1).

esults

verall  assessment  (range  1-5)  was  better  for  eViacam
3.46),  followed  by  Nouse  (2.88),  and  Camera  Mouse  (2.33)
fig.  2).  Even  though  adaptation  time  was  considered  poorer
or  Nouse  than  for  the  others,  Nouse  obtained  a  better
ating  for  prolonged  use.  The  mean  total  time  needed  for
iagnosis  with  Camera  Mouse,  eViacam,  and  Nouse  systems
as  18’57‘‘,  19’37’’  and  22’32‘‘,  respectively  (57,  59  and
8  seconds  per  case,  respectively).  There  was  a  significant
orrelation  between  time  and  perceived  temporal  demand
P<  0.05).

The  NASA-TLX  weighted  average  workload  score,  where
ower  scores  are  better,  was  42.1  for  eViacam,  53.3  for  Nouse
nd  60.6  for  Camera  Mouse  (fig.  3).  This  correlated  with  the
athologists’  degree  of  satisfaction:  3.5  for  eViacam,  3  for
ouse,  and  2  for  Camera  Mouse  (p<  0.05).

Posture  and  prolonged  use  ratings  were  inversely  asso-
iated  with  physical  demand  (P<  0.05)  and  achievement
as  also  inversely  associated  with  effort  (P<  0.05).  A  strong

nverse  correlation  with  performance  was  found  for  cursor
ovement  and  achievement  (P<  0.01).
onclusion

he  head-tracking  systems  described  in  this  study  enable
athologists  to  control  the  computer  cursor  and  virtual  slides

Camera mouse

Achievements

NAIRE

Prolonged use Satisfaction

estionnaire  results.
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Figure  3  N

ithout  their  hands  using  only  a  webcam  as  an  input  device.
aze  recognition  adequately  emulates  the  functions  of  com-
uter  cursor  movements  and  actions.  It  is  easy  to  use  with  a
hort  learning  curve.  Of  the  three  software  solutions  exam-
ned,  eViacam  seems  to  be  the  best  evaluated  in  this  study,
ollowed  by  Nouse  and,  finally,  Camera  Mouse.  The  time
eeded  to  report  cases  was  in  line  with  average  values  when
ealing  with  dermatopathology  biopsies.24,25 Nevertheless,
urther  studies  are  needed  to  compare  the  time  spent  by
athologists  reporting  digital  and  conventional  slides  after

 period  of  training  with  these  systems  to  verify  whether
aze  is  faster  than  a  traditional  mouse,  as  other  authors  in
ther  fields  have  reported.26

Head-tracking  can  be  used  not  only  by  pathologists  with
hysical  impairments  but  also  as  an  input  device  choice
y  those  professionals  who  seek  to  avoid  musculoskele-
al  disorders  or  have  some  sort  of  difficulty  when  using

 conventional  mouse.  In  addition,  it  is  a  viable  option
hen  extreme  aseptic  measures  are  required.  In  environ-
ents  with  high  hygienic  demands,  these  systems  may
e  useful  in  providing  interaction  while  requiring  nothing
e  touched.  Keyboards,  mice,  and  more  and  more  fre-
uently  touch  screens  are  potential  sources  of  infection
r  contamination,  not  only  in  operating  rooms,  but  also  in
utopsy  suites,  gross  rooms,  and  endoscopic  units  where
apid  on-site  evaluation  is  performed  by  cytopathologists
r  cytotechnicians  and  eventual  review  of  previous  stud-
es  is  needed.27 Furthermore,  recent  situations  like  the
OVID-19  pandemic,  caused  by  severe  acute  respiratory
yndrome  coronavirus  2  (SARS-CoV-2),  makes  touchless  con-
rol  of  medical  image  viewers,  including  WSIs,  an  adequate
ption  to  limit  exposure  since  the  virus  can  remain  viable  on
urfaces.28

From  a  different  perspective,  eye  or  head-tracking  anal-
sis  offers  further  possibilities.  In  the  field  of  artificial
ntelligence,  gaze  provides  insight  into  how  pathologists
chieve  diagnosis,  making  it  a  valuable  source  of  informa-
ion  when  designing  artificial  intelligence  models  through
achine  learning  algorithms  and  deep  convolutional  neural

etworks  in  order  to  obtain  automatic  diagnoses.29

The  aim  of  this  comparison  was  to  demonstrate  that
lternatives  to  the  conventional  mouse  are  available;  as

art  of  their  proactive  role,  pathologists  are  the  appropri-
te  figure  to  further  this  investigation.  Additional  studies
ntegrating  these  head-tracking  interactions  together  with
-TLXresults.

peech  recognition  systems  or  any  of  the  input  devices
vailable  on  the  market,  should  be  performed  in  con-
unction  with  software  developments  to  achieve  the  ideal
evice  for  digital  pathology  from  an  ergonomics  perspec-
ive,  while  providing  intuitive  and  fast  interaction.  However,
ltimately,  the  choice  of  one  or  another  input  device  when
esigning  workstations  -pathologists’  cockpits-  is  a  matter
f  personal  preference.
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