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ABSTRACT  
Despite the growing interest in Intelligent Personal Assistants in 
many  domains,  limited  studies  have  explored  this  technology’s  us-
age  among  persons  with  neurodevelopmental  disorders  (NDD)  and  
its  potential  for  improving  their  cognitive  skills.  This  paper  presents  
an  exploratory  study  that  investigated  the  use  of  Google  Home  fea-
tured  with  Google  Assistant  in  a  therapeutic  setting.  We  provided  
three  therapists  with  two  Google  Home  devices  for  21  days,  and  
they  were  welcome  to  use  it  as  they  liked  at  their  ordinary  one-
to-one  therapy  sessions.  During  the  study,  we  gathered  diferent  
data:  history  logs  from  Google  Assistant  and  semi-structured  obser-
vations  and  comments  by  the  specialists  through  questionnaires,  
forms,  and  a  group  interview.  Our  fndings  give  a  frst  glimpse  
of  the  usage  patterns  of  Google  Assistant  within  the  therapy  for  
children  with  NDD.  Furthermore,  our  results  point  out  the  benefts  
and  challenges  for  both  therapists  and  children  while  interacting  
with  conversational  technology.  

CCS  CONCEPTS  
•  Human-centered  computing  →  Empirical  studies  in  HCI; •  
Social  and  professional  topics  →  People  with  disabilities.  
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1  INTRODUCTION  
An Intelligent Personal Assistant (IPA) is a software agent that pro-
vides  information  by  understanding  human  speech  and  responding  
via  synthesized  voice (e.g.,  Siri,  Alexa,  Cortana,  and  Google  
Assistant  [35]).  IPAs  are  embedded  into  smartphones  or  dedicated  
home  speakers  and  allow  a  voice-based  hands-free  interaction:  users  
can  use  voice  to  ask  them  questions,  control  home  automation  de-
vices,  and  manage  other  basic  tasks  such  as  email,  to-do  lists,  and  
calendar

  [54]  

  In  the  last  years,  the  Human-Computer  Interaction  
community  has  been  increasingly  working  on  conversational  tech-
nology  [10,

s  [35].

23, 31, 41, 45, 51].  Many  studies  have  been  carried  out  to  
understand  how  users  adopt  an  IPA  into  their  daily  lives,  and  social  
interactions  [9,  47,  55]  and  to  examine  the  perception  of  an  IPA  
by  users  [31,  41,  50].  Also,  much  research  has  been  done  on  IPAs  
to  ofer  the  potential  to  support  the  usage  of  groups  with  special  
needs,  such  as  elderly  [48,  60,  62],  children  [25],  people  with  vision  
impairments  [19],  and  military  veterans  with  mild  brain  injury  
[57].  However,  so  far,  there  is  still  a  limited  understanding  of  how  
such  conversational  tools  are  used  or  could  be  used  by  people  with  
neurodevelopmental  disorders  (NDD),  especially  by  children.  NDD,  
such  as  Autism  Spectrum  Disorder  (ASD),  is  a  group  of  conditions  
with  onset  in  the  developmental  period.  They  typically  produce  low,  
medium  or  high  severity  levels  of  impairments  in  personal,  social,  
academic,  and  occupational  functioning  [6].  Most  forms  of  NDD  
are  chronic,  but  early  and  focused  interventions  are  thought  to  mit-
igate  their  efect  [20,  32].  From  literature,  we  know  that  standard  
therapeutic  interventions  for  children  with  NDD  explore  diferent  
approaches,  such  as  play  therapy  [7],  [34],  cognitive  behavior  ther-
apy  [24,  36],  and  music  therapy  [58].  They  aim  to  help  children  
strengthen  adaptive  behaviors,  develop  stronger  emotional  and  
relational  skills  [7,  39],  learn  receptive  and  expressive  language  
[27],  and  improve  their  self-care.  In  particular,  the  therapeutic  tasks  
usually  focus  on  developing:  i)  association  skills;  ii)  emotional  skills;  
iii)  relational  skills;  iv)  communicative  and  speech  skills;  v)  abstract  
concepts  (e.g.,  time  and  money).  Recent  research  acknowledged  in-
teractive  technology  as  a  potentially  useful  tool  to  support  standard  
interventions  [4,  12,  37].  

This  work  is  an  experimental  study  that  explores  the  use  of  
Google  Assistant  embedded  into  Google  Home  in  a  therapeutic  
setting  with  children  with  NDD.  For  21  days,  we  provided  three  
therapists  with  two  Google  Home  devices,  and  they  were  welcome  
to  use  them  as  they  wished  at  their  regular  one-to-one  therapy  
sessions.  We  collected  data  from  Google  Assistant  history  logs  and  
the  specialists’  observations  through  questionnaires,  forms,  and  a  
semi-structured  group  interview.  To  the  best  of  our  knowledge,  this  

          

https://doi.org/10.1145/3411763.3451666
https://doi.org/10.1145/3411763.3451666
mailto:permissions@acm.org
https://doi.org/10.1145/3411763.3451666
mailto:permissions@acm.org
https://doi.org/10.1145/3411763.3451666


              CHI ’21 Extended Abstracts, May 8–13, 2021, Yokohama, Japan 

paper  describes  the  frst  exploratory  study  considering  intelligent  
personal  assistants  for  children  with  neurodevelopmental  disorders  in  
a  therapeutic  context.  Please  note  that  our  emphasis  is  not  on  the  
therapy:  this  preliminary  research  is  to  be  considered  a  premise  
for  future  investigations  to  understand  the  therapeutic  value  of  
conversational  technologies  for  children  with  NDD.  So  far,  we  
focused  on  the  child-IPA  and  therapist-IPA  interactions,  and  this  
paper  is  characterized  by  the  following  research  goals:  
RQ1.  the  identifcation  of  usage  patterns  with  Google  Assistant  

by  therapists  and  children  with  NDD  during  therapy;  
RQ2.  the  evaluation  of  their  interaction  benefts  and  challenges  

during  interventions  supported  with  Google  Assistant.  

2  RELATED  WORK  
The              
many  studies  involving  conversational  technologies  and  popula-
tions  with  special  needs.  

Some  researchers  investigated  the  design  aspects  of  speech-based  
systems  for  elderly  people  [5,  48,  56,  60,  62].  For  instance,  Wulf  et  al.  
[60]  focused  on  usability,  user  experience,  and  acceptance  of  speech-
based  interaction  by  the  elderly  and  highlighted  the  potential  of  
dialog  systems  for  this  target  group.  Other  researchers  focused  on  
the  IPAs  for  children  [25,  44,  52].  Druga  et  al.  [25]  explored  the  
use  of  diferent  IPAs  comparing  Alexa,  Google  Assistant,  Cozmo,  
and  Julie  Chatbot  during  child-agent  interaction;  they  presented  
design  considerations  about  voice  and  prosody,  interactive  engage-
ment,  and  human-machine  communication  facilitation.  Recently,  
few  authors  investigated  the  use  of  conversational  agents  for  people  
with  a  mental,  emotional,  or  physical  disability,  especially  focusing  
on  of-the-shelf  commercial  IPAs  [3,  49].  Pradhan  et  al.  [49]  ran  
two  studies  in  this  domain:  the  frst  study  analyzed  346  reviews  
of  Amazon  Echo,  and  a  second  study  involved  people  with  visual  
impairments.  They  concluded  that  despite  some  accessibility  chal-
lenges,  people  with  special  needs  can  generally  interact  and  use  
IPAs  to  complete  specifc  tasks.  Allen  et  al.  [3]  analyzed  whether  the  
Amazon  Echo  permitted  the  hands-free  retrieval  of  visual  supports  
for  children  with  autism.  Their  fndings  showed  that  the  autism  
target  group  generally  struggled  to  use  the  Echo  autonomously.  

Also,  the  interest  in  supporting  people  with  NDD  through  ad-
hoc  conversational  agents  is  increasing  in  the  HCI  community  
[14,  16,  17,  61].  However,  to  the  best  of  our  knowledge,  so  far,  none  
explored  the  use  of  IPAs  in  an  ecological  environment  to  support  
therapy  children  with  NDD.  Our  explorative  study  is  the  starting  
point  to  fll  this  gap.  

Human-Computer Interaction community has already addressed

3  METHOD  
We  conducted  an  exploratory  study  in  a  therapeutic  center  using  
two  Google  Home  devices  featured  with  Google  Assistant.  We  asked  
therapists  to  use  them  during  therapeutic  sessions  with  children  
with  NDD  for  three  weeks.  Therapists  were  free  to  use  and  let  
children  use  the  assistant  as  they  wished.  As  researchers,  we  never  
interacted  with  children  but  only  with  therapists  before  and  after  
the  study  to r 1 espectively  brief  them  and  collect  their  feedback .  

1The  authors  certify  that  they  have  NO  afliations  with  or  involvement  in  any  organi-
zation  or  entity  with  any  fnancial  interest  ,  or  non-fnancial  interest  
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3.1  Participants  
The  study  involved  3  therapists  and  9  children  with  NDD  (see  Table  
1),  including  low,  medium,  and  high  severity  from  the  therapeu-
tic  center  SocioSfera.  Participation  was  voluntary  and  restricted  to  
users  of  the  therapeutic  centre.  Children  were  among  4-17  y.o.  and  
had  been  diagnosed  with  an  ASD,  or  global  developmental  delay.  
C5,  C7  had  previously  interacted  with  Google  Assistant  at  home.  
The  rest  had  no  experience  with  any  IPA.  Children’s  personal  data  
were  processed  in  compliance  with  the  provisions  of  current  leg-
islation  on  the  protection  of  personal  data.  All  parents  signed  an  
informed  consent  dealing  with  the  experimental  procedure  accep-
tance  and  the  use  of  data.  The  therapists  (T  1,  T  2,  and  T  3)  were  
recruited  since  they  reported  to  be  familiar  with  the  technology  
in  general,  and  they  had  already  introduced  technological  devices  
(e.g.,  tablets)  during  therapy  for  children.  However,  none  of  them  
had  any  previous  experience  with  any  IPA  yet.  In  this  paper,  we  use  
the  terms  “participant/s”  to  include  both  therapists  and  children.  

3.2  Procedure  
The  protocol  of  the  study  was  approved  by  Politecnico  di  Milano  
ethics  committee.  The  study  lasted  three  weeks  and  took  place  
in  two  rooms  of  the  daycare  center  where  children  usually  carry  
out  their  regular  individual  therapeutic  session.  Therapists  placed  
the  two  IPAs  on  two  tables  (one  for  each  therapy  room),  and  they  
did  not  move  the  devices  throughout  the  sessions.  We  confgured  
Google  Home  with  an  ad-hoc-created  Google  account,  enabled  
activity  tracking,  and  also  linked  Google  Assistant  to  a  music  service  
provider  (i.e.,  Spotify).  Before  the  study,  we  explained  to  the  three  
therapists  how  to  interact  with  Google  Assistant  by  using  the  wake  
word  “Ok  Google”  to  trigger  the  system  for  any  request,  and  the  
role  of  pause  to  mark  the  end  of  the  speech.  Also,  we  shared  with  
the  therapists  the  catalog  of  all  features  of  Google  Assistant  as  they  
are  listed  on  the  ofcial  website  [1]  (e.g.,  “Ok  Google,  play  some  
music”).  During  sessions,  therapists  were  completely  free  to  use  
Google  Assistant  as  they  wished,  and  we  did  not  provide  them  with  
any  particular  instruction  or  task  to  accomplish  because  we  did  not  
want  to  introduce  any  procedural  bias.  

3.3  Data  collection  and  analysis  
To                    
NDD  used  Google  Assistant  during  their  one-to-one  therapeutic  
sessions,  we  engaged  them  in  a  complementary  methods  study  
involving  the  following:  

•  history  logs.  Google  Assistant  tracks  the  date,  time,  transcript,  
and  response  of  all  interactions  by  users;  

•  questionnaire.  At  the  beginning  of  the  study,  we  let  therapists  
fll  a  short  questionnaire  to  profle  them.  Questions  aimed  
to  discover  the  therapists’  familiarity  with  commercial  IPAs  
and  their  perception  and  expectations  about  the  potential  of  
IPAs  for  supporting  children  with  NDD  during  therapy;  

•  forms.  At  the  end  of  each  therapeutic  session,  therapists  flled  
a  form  regarding  both  the  session  in  general  and  each  of  the  
specifc  tasks  performed  with  Google  Assistant.  Open  ques-
tions  were  about  children’s  and  therapists’  usage  of  the  agent,  
motivation  for  using  the  device  within  each  activity,  ben-
efts/challenges/limitations  concerning  the  conversational  

gain multiple perspectives on how therapists and children with
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Table 1: Children involved in the exploratory study. The diagnosis nomenclature refers to DSM-V [6] 

ID Age Gender Verbal Diagnosis Severity Level 

C1 14 M Yes Autism High 
C2 5 M < 10 words Autism High 
C3 9 M No Global Developmental delay High 
C4 5 M Yes Autism Medium 
C5 16 F Yes Autism Low 
C6 17 M Yes Autism Low 
C7 16 F Yes Global Developmental delay Low 
C8 5 M No Autism High 
C9 4 M < 10 words Autism Medium 

technology  (including  breakdowns),  any  recognized  stereo-
type  by  children  with  NDD,  automatic  speech  recognition
experience,  and  suggestions  for  design  improvement.  Addi-
tionally,  they  scored  children’s  initial  engagement  as  they
perceived  it  with  a  1-10  likert  scale;  

•  group  interview  [28].  At  the  end  of  the  entire  study,  we  inter-
viewed  the  three  therapists  at  a  distance  (via  Google  Meets).
We  opted  for  this  data  gathering  method  because  the  interac-
tion  between  group  specialists  may  give  a  more  signifcant
value  and  may  arise  diferent  perspectives  rather  than  just
gathering  their  opinions  individually  [40].  We  designed  the
interview  to  last  one  hour,  and  we  used  a  semi-structured
protocol.  We  asked  therapists  to  tell  us  about  the  experi-
ence  with  the  IPA  during  the  study:  the  usage  they  made,
the  main  activities  they  performed  during  the  therapy,  and
the  benefts  and  the  challenges  while  interacting  with  the
IPA.  Therapists  were  also  prompted  to  describe  moments
of  joy  and  frustration  with  the  conversational  technology,
moments  in  which  they  socially  interacted  with  the  device,
and  experiences  of  children  with  NDD  interacting  with  it.  

We  opted  not  to  directly  interview  children  because  question-
based  approaches  involve  critical  and  self-critical  skills  [38]  that
are  often  lacking  in  these  people  [6].  Data  analysis  took  inspira-
tion  from  a  previous  study  concerning  Alexa  and  another  group
of  people  with  special  needs  (i.e.,  people  with  visual  impairments)
[19].  Such  as  them,  we  analyzed  separately  quantitative  data  (i.e.,
history  logs,  part  of  the  forms  and  the  questionnaire)  and  qualita-
tive  data  (i.e.,  the  group  interview,  and  part  of  the  forms  and  the
questionnaire)  data,  but  we  discussed  them  together.  

We  used  a  thematic  coding  approach  [30]  to  analyze  history  logs.
We  identifed  the  commands  by  participants  linked  by  a  common
theme,  and  we  indexed  them  into  categories.  Categories  were  not
set  a  priori,  but  we  obtained  them  with  a  bottom-up  approach
starting  with  simple  themes  and  gradually  impose  meanings  and
connections  in  an  inductive  way.  For  example,  the  two  utterances
“Play  today’s  top  hits  on  Spotify”  and  “Play  some  reggae”  could  be
included  in  the  category  “Play,  or  stop  the  music”.  Next,  we  ranked
the  categories  based  on  the  frequency  of  their  requests.  

About  qualitative  data,  we  grouped  the  responses  and  comments
from  the  initial  questionnaires,  the  forms,  and  the  group  interview
depending  on  their  topic  [13,  21].  Topics  were  set  a  priori  in  this
case  and  were  inspired  by  our  research  questions:  (RQ1)  usage
patterns  and  (RQ2)  participants’  experience  with  IPA.  

 

 

 

 
 
 
 

 
 
 
 
 
 

 

 
 
 

 

 
 
 
 
 
 
 
 

 
 
 
 

4  FINDINGS  
Participants  used  Google  Assistant  during  17  therapy  sessions  in  
21  days.  All  children  had  roughly  the  same  number  of  sessions  (1  
or  2  each).  From  the  history  logs,  questionnaires,  forms  and  the  
group  interview,  it  emerged  how  therapists  and  children  with  NDD  
interacted  with  the  IPA  in  their  regular  therapy  (RQ1),  and  which  
positive  and  negative  experiences  they  had  with  the  IPA  (RQ2).  

4.1  Usage  Patterns  
Therapists reported that children interacted alone with Google 
Assistant within 5 sessions, therapists alone for 7 sessions, and 
both children and therapists for 3 sessions. During only 2 sessions, 
children refused to interact with the assistant. Therapists told us 
that they integrated the IPA into their typical therapeutic activities. 
The activities varied in difculty and type according to the subject. 
Generally, activities with Google Assistant were suggested by the 
therapist. Just once, C6 spontaneously proposed to use the assistant 
to set the timer during a social game.History logs recorded in total 
410 requests to the system. By applying the bottom-up thematic 
coding approach, we grouped them into 18 categories depending 
on the intention they convey (see Figure 1), named as usage pattern 
[19, 49]. The most frequent requests were related to “Play animals’ 
cry, or natural rumors” (N = 141), to “Play, or stop music” (N = 92), 
to set alarms or timers (N = 77), and to tune the volume (N = 28). 
Less frequently, participants used Google Assistant for asking the 
time (N = 12), playing built-in question-answer games (N = 11), 
asking for information (N = 10), and checking the weather (N = 7), 
small talk (N = 4), accessing the calendar (N = 3), getting news 
updates (N = 3), asking questions about interpersonal relationships 
(e.g., “How to greet a person when you meet her for the frst time?” ) 
(N = 3) and about Google Assistant itself (N = 2, i.e., “How are 
you?”, “Where are you?” ), translating sentences (N = 1), asking 
for the date (N = 1), cooking receipts (N = 1), and jokes (N = 1). 
In some cases, we could not identify the conversation intention 
(and consequently the category) from the commands’ transcription 
(N = 11) due to the low accuracy of transcription or the lack 
of context information of the utterance (e.g., one transcription 
was “diagnose weights” ). To examine if participants were equally 
interested in the 18 requests during therapy, we performed a one 
sample chi-square test. The frequency diferences among categories 
were signifcant, χ2(18) = 1241.98, p < .001. 
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Figure 1: Usage pattern: the number of requests for each category (total number: N = 410) 

4.2            Children and therapists’ experience with
IPA  

From the thematic analysis of the forms, questionnaires, and the 
interview , three main topics emerged about the participants’ ex-
perience with the IPA: children had some issues waking it up, and 
they encountered some barriers in interacting with it due to their 
cognitive, sensory, and language impairments. Nonetheless, ther-
apists had an optimistic vision about introducing IPAs in therapy 
and they keep using Google Assistant even after the end of this 

4.2.1  Waking  up  the  IPA:  children’s  challenges.  To  activate  Google  
Assistant,  users  have  to  pronounce  the  wake  word  “Ok  Google”  and  
then  add  the  request  command  (e.g.,  “Ok  Google,  set  the  timer  for  10  
minutes” ).  Therapists  told  us  that  this  interaction  was  not  trivial  
for  children  with  NDD  because  they  had  difculties  in  composing  
a  sentence  made  by  two  parts  of  speech  that  are  not  semantically  
connected:  the  wake  word  and  the  request.  For  supporting  them,  
therapists  reported  that  they  often  mediated  the  children-assistant  
interaction:  frst,  therapists  triggered  the  IPA  and  then  asked  chil-
dren  to  make  the  request.  In  addition,  therapists  reported  that  the  
full  string  (wake  word  and  request)  has  been  perceived  as  a  slow  
interaction  paradigm  by  children,  because  they  often  lost  the  at-
tention  and  it  was  not  easy  for  therapists  to  re-engage  them  to  
complete  the  request.  To  overcome  the  activation  barriers  and  to  
meet  children’s  particular  needs,  therapists  proposed  some  interac-
tion  design  solutions.  First,  instead  of  repeating  the  wake  word  at  
every  conversational  step,  they  would  prefer  to  trigger  the  dialog  
system  just  once  at  the  beginning  of  the  interaction  and  let  it  active  
for  a  while.  Then,  they  suggested  using  a  more  straightforward  
and  direct  wake  word:  they  proposed  “hey”  instead  of  “Ok  Google”  
because  it  contains  less  phonemes,  so  that  it  would  be  easier  to  
pronounce  without  errors.In  addition,  learning  “Ok  Google”  for  
starting  a  conversational  interaction  is  not  socially  acceptable  in  
any  human-human  interaction,  while  another  wake  work,  such  as  
“hey”,  can  also  be  generalized  in  other  social  contexts.  Third,  ther-
apists  proposed  hand-based  trigger  actions  as  valuable  solutions,  
such  clapping  hands  or  pushing  a  button.  

        4.2.2 Children’s language barriers, sensory fatigue, and adaptability. 

study. 

Therapists  reported  that  the  assistant  misunderstood  what  partici-
pants  asked  in  about  11  of  the  17  sessions  and  sometimes  it  did  not  
reply  back  at  all.  They  attributed  this  dysfunctionality  not  only  to  
technological  limitations  of  the  assistant  but  mostly  to  children’s  

        4.2.3 Therapists’ perception of the IPA and their visio

language impairments. The technological limitations of the auto-
matic speech recognition system did not produce just negative 
results: some of the children enjoyed interacting with the IPA in 
autonomy despite not always being well understood. For example, 
C5 tried to pronounce few words for 4 minutes in a row since she 
was motivated to improve her pronunciation. Therapists stated they 
wish to confgure and customize already existing functionalities and 
contents ofered by Google Assistant (e.g., its replies) to meet chil-
dren’s special needs. For example, both C2 and C4 did not recognize 
the sound of the timer because it was diferent from the one they 
were used to, andT 1 wished she could change it. Also, the repetition 
of the same standardized responses by the IPA caused stereotyped 
behaviors in some children. In fact, those with high severity often 
lost their attention and repeated over and over the last few words 
told by the assistant. Therapists highlighted the need of having a 
visual interface as a support to enable a more meaningful conver-
sational experience for children with NDD . They suggested that 
the visual channel should be integrated with the speech to enable 
children to interact with diferent sensory modalities depending 
on their skills and attitudes. In fact, children with NDD often need 
to be stimulated from diferent sensory channels, otherwise they 
lack of sensory perception of the external world, loose their at-
tention, and detach from the activity they are performing. Finally, 
therapists raised the need for children who had already interacted 
with Google Assistant at home to become accustomed to using 
it in the therapeutic setting as well. T 1 explained that due their 
rigid mindset they associated the tool with a specifc environment, 
such as home-context, and they were not able to extend it to other 
contexts. 

n. First, thera-
pists reported that they easily learned how to communicate with 
Google Assistant since their very frst interaction showing the intu-
itiveness of conversational technologies. They also found valuable 
the hands-free modality. It indeed enabled them to focus on the 
relationship with the child, rather than getting closer to the de-
vice (as happened when they used the tablet). Despite the usability 
barriers, therapists reported that the assistant supported children 
working on some relevant aspects for therapy (e.g., keeping the 
attention, turn-taking, respecting a communication protocol). Ther-
apists wished they could create new activities for the therapy with 
the IPA, and personalize the already existing dialogues with Google 
Assistant adapting them to each single child.In this way, they could 
create a safer environment for children, let them work on their 

https://child.In
https://errors.In
https://child.In
https://errors.In
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communication,  social,  and  cognitive  defcits,  and  have  more  con-
trol  on  the  therapeutic  tasks.  Finally,  they  saw  a  great  opportunity  
in  recording  therapeutic  sessions  and  collecting  information  about  
children’s  behaviors  to  keep  track  of  their  progress.  Regarding  
therapists  perception  of  children  initial  engagement  during  the  
sessions,their  general  impression  was  positive,  in  fact  they  picked  a  
score  greater  than  6  over  10  for  8  children  over  9.  In  fact,  they  told  
that  the  majority  of  children  were  curious  about  the  new  device  
when  they  saw  it  in  the  room.  Just  two  children  were  suspicious  at  
the  beginning  and  they  did  not  want  to  interact  with  it.  As  soon  as  
children  got  familiar  with  the  assistant,  most  of  them  became  even  
more  interested  than  the  frst  time.  For  the  sake  of  completeness,  
therapists  believed  that  children  did  not  like  Google  Assistant  itself,  
but  they  enjoyed  the  activities  it  enabled  (e.g.,  playing  with  animals  
and  listening  to  their  cries).  In  addition,  therapists  also  reported  dif-
ferent  interests  towards  the  assistant  between  low  and  high  severity  
children.  High  severity  children  did  not  ask  for  the  Assistant  unless  
the  therapist  proposed  them  an  activity  with  it,  while  low  severity  
children  requested  to  interact  with  Google  Assistant  also  when  it  
wasn’t  prompted  to  do  so.  

5  DISCUSSION  
Our fndings highlight the role of IPAs integrated into therapeutic 
activities, and how IPAs can address the therapeutic needs. As chi-
square test demonstrated, therapists decided to use some requests 
more frequently than others despite being furnished with a com-
plete list of possible commands. We reported that the most frequent 
usage patterns involved playing some sounds as in previous studies 
with diferent populations [43, 47, 49, 56]. Indeed, during our 21-day 
study, therapists proposed activities (the animals’ cries) to stimulate 
high severity children’s association skills: children had to match 
visual stimuli (provided by means of conventional therapeutic ma-
terials such as images, cards, toys) with sound stimuli (generated 
by Google Assistant). In other activities, therapists used the IPA 
to play some music as a reward, reinforcement tool, relaxation 
[53], and to enhance listeners’ social skills in turn-taking imitation, 
vocalization, and eye contact stimulation [26]. For the conceptual-
ization and management of abstract concepts [15], our therapists 
introduced activities for tracking and managing time. This choice 
justifes the 77 requests about the time to Google Assistant (e.g., 
“Set the timer”, “Check the time”). 

Although Google Assistant has somehow successfully supported 
the activities mentioned above, it failed with all those tasks to 
improve low severity children’s communicative and socialization 
skills. To improve those abilities, therapists usually engage children 
in not just “short conversations” (based on simple, mutually inde-
pendent request-response exchanges) but in “long conversations” 
(where the fow unfolds along mutually dependent conversation 
acts). Unlike previous studies on IPAs involving other populations 
where participants completed just “short conversations” with the 
IPA [43, 47, 49, 56], in our case, therapists attempted to trigger 
“long conversations” with Google Assistant [11]. They wanted to 
simulate typical dialogues that occur in everyday life during inter-
personal relationships (e.g., “Small talks”, “Asking questions about 
interpersonal relationships”) to stimulate children with their social 
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sphere. However, Google Assistant was not able to perform “long 
conversation” tasks as expected. 

Also, the automatic speech recognition accuracy of Google As-
sistant resulted not high enough, especially when the speaker had 
some language impairments. The continuous misunderstanding 
could lead to frustration for the child, making the use of an IPA 
inefective in therapeutic settings, as already reported in an analo-
gous study on Amazon Echo for children with autism [3]. We agree 
with Beneteau et al. [8] that, if designers imbued voice assistants 
with the skills to identify that a communication partner has special 
needs, and therefore is likely to have imprecise speech and low 
discourse scafolding skills, an intelligent personal assistant could 
provide more specifc communication feedback to collaborate on 
the communication repair. Besides, since children often use repeti-
tion as their initial repair strategy in case of misunderstanding [46], 
it would be helpful for them and their therapist alike for assistants 
to provide a clear explanation on the reason why it is unable to 
answer properly, as already pinpointed in Druga et al. [25]. Indeed, 
if the issue was clear, therapists could help children employing 
diferent communication breakdown repair strategies depending 
on the context, such as defning terms [8]. We believe that integrat-
ing a visual communication channel could alleviate this issue as 
pinpointed by [59]. For example, Google Assistant could display the 
transcript of a user’s speech so that people would know what the 
assistant understands. Besides, the visual channel could enhance 
the interaction, providing the users with visual feedback about the 
ongoing tasks (e.g., the running timer) to monitor their activities 
with the IPA. Therapists also wish to see integrated in the next 
generation IPAs are the straightforward customization of tasks and 
dialogues and the automated analysis of interaction data analysis to 
monitor children’s progress. Also, to make Google Assistant more 
adoptable during therapy, the IPA should be more accessible and 
autonomously usable by people with NDD. Interaction designers 
might consider using diferent wake words or even a new wake 
action. Alternatives could be of a diferent nature (vocal, tactile, vi-
sual, event-based, motion-based). A previous study [18] sheds light 
on the importance of physicality for children’s interaction even 
speaking about conversational interfaces, and suggests the usage 
of a physical button to wake up and put to sleep the conversational 
agent. Catania et al. [18] proposed to use identical actions both 
to wake up and to put to sleep the IPA, and provide a theoretical 
argument based on the theory of partner-perceived communication 
[22, 42], which states that the predictability and repetitiveness of 
the sequences make it possible to better give meaning to them even 
for those children with complex communication needs. 

5.1  Limitations  
This paper’s contribution is limited due to a highly exploratory 
approach focusing on the therapist-IPA and child-IPA interactions 
and with little emphasis on the possible support that Google Assis-
tant may have as part of a therapeutic regime. The study took place 
in a limited period (21 days) and, consequently, only preliminary 
insights emerged and not a complete overview of the valuable fea-
tures for the adoption of Google Assistant in a therapeutic context. 
For instance, Garg and Sengupta [29] found out that neuro-typical 



              

       
          

      
            
        

            
        

            
             

            
           

           
           

          
          

                    
therapists  and  9  children  with  NDD  interacted  with  the  IPA  Google  
Assistant  during  their  regular  individual  therapy  sessions.  Findings  
showed  that  Google  Assistant  has  the  potential  for  being  used  as  a  
stimulus  for  oral  communication  and  socialization  in  many  activi-
ties  with  children  from  low  to  high  severity.  However,  children’s  
cognitive,  sensory,  and  language  impairments  make  it  difcult  for  
them  to  autonomously  use  Google  Assistant.  They  cannot  be  easily  
understood  by  the  automatic  speech  recognition  system,  and  they  
cannot  quickly  adapt  to  the  schematic  communicative  protocol  
involving  the  use  of  the  wake  word.  We  conclude  that  Google  As-
sistant  could  be  considered  a  tool  for  therapists,  who  may  decided  
to  invite  children  to  use  it.  

Our  preliminary  results  provide  interaction  designers  and  con-
versational  technology  developers  with  new  insights  about  Google  
Assistant  (and  IPAs  in  general)  interacting  with  children  with  spe-
cial  needs.  Furthermore,  our  research  fndings  might  pave  the  
ground  towards  new  forms  of  therapeutic  interventions  for  chil-
dren  with  NDD  that  exploit  conversational  agents  within  existing  
practices.  Such  therapies  will  be  the  subject  of  our  follow-up  study.  
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children interacting with IPAs reduced their communication break-
downs substantially over the long-term. We are aware that with 
specially-abled children handling communication breakdowns might 
be a more signifcant challenge, but still, some of them could learn 
the conversational interaction paradigm with time. Also, another 
limitation of the study is that the sample we involved (3 therapists 
and nine children) was small, potentially impacting the general-
ization of the fndings for the whole population. As a means of 
defense, it should be noticed that our study is in line with previous 
ones on people with special needs both in terms of duration (e.g., 
[19]) and sample size (e.g., [2, 33]). Finally, therapists reported that 
the interaction with the IPA would be smoother for children with 
NDD by using visual support. We are aware that Google Assistant 
enables it via smartphones, tablets, and Google Nest. However, we 
did not opt for those solutions because of afordability reasons. 

6  CONCLUSION  
This paper described an empirical 21-day study investigating how 3
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