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Abstract

Background: Successtul communication is vital to quality of life. One group commonly facing speech and com-
munication difficulties is individuals with intellectual disability (ID). A novel route to encourage clear speech is
offered by mainstream smart speakers (e.g., Amazon Alexa and Google Home). Smart speakers offer four factors
important for learning: reward immediacy, spaced practice, autonomy/intrinsic motivation and reduced social
barriers. Yet the potential of smart speakers to improve speech intelligibility has not been explored before.

Aims: To determine whether providing individuals with intellectual disabilities with smart speaker devices im-
proved ratings of speech intelligibility for (1) phrases related to device use and (2) unrelated words via a semi-
randomized controlled trial.

Methods & Procedures: In a semi-randomized controlled trial, an intervention group of adults with ID (N = 21)
received smart speakers, while a control group (V= 22) did not. Before and after about 12 weeks, participants were
recorded saying smart speaker-related phrases and unrelated words. Naive participants then rated the intelligibility
of the speech recordings.

Outcomes & Results: The group that received smart speakers made significantly larger intelligibility gains than
the control group. Although the effect size was modest, this difference was found for both smart speaker-related
phrases and unrelated words.

Conclusions & Implications: While the mechanism of action remains to be determined, the presence of smart speak-
ers in the home had a demonstrable impact on ratings of speech intelligibility, and could provide cost-effective
inclusive support for speech and communication improvement, improving the quality of life of vulnerable
populations.
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What this paper adds

What is already known on the subject
* Speech intelligibility is a key obstacle for social relationships and quality of life across several vulnerable
populations (children with speech difficulties, older adults with dementia, individuals with ID). Anecdotal
reports suggest mainstream smart speakers (e.g., Amazon Alexa, Google Home), could improve speech
intelligibility.

What this paper adds to existing knowledge
* We used a semi-randomized controlled trial to show that using a smart speaker for about 12 weeks could
improve ratings of speech intelligibility in adults with ID for both smart speaker-related phrases and
unrelated words.
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What are the potential or actual clinical implications of this work?
* These initial findings suggest that smart speaker technology could be a novel, and inclusive, route to
improving speech intelligibility in vulnerable populations.
Introduction

Intellectual disability (ID) is characterized by limi-
tations in intellectual and cognitive functioning and
adaptive behaviours (Harris 2006). Between 50% and
90% of people with ID have communication or speech
difficulties (Coppens-Hofman ez a/. 2016, Royal Col-
lege of Speech and Language Therapists (RCLST) n.d.),
which compound their other challenges (Cooper ez al.
2015, Jansen et al. 2004, Smiley et al. 2005). We re-
port a new approach to improve speech intelligibility
in this population—mainstream smart speakers (e.g.,
Amazon Alexa and Google Home)—which we hypoth-
esized would combine elements essential for learning,
while also being engaging in a naturalistic setting.

Speech impairments in adults with 1D

Speech impairments are common in adults with ID,
with triple the rate seen in the general population (Har-
ris 2006). They are a key issue in this population be-
cause of their impact on social interactions, employ-
ment and quality of life (Hitchcock ez al. 2015, Law
et al. 2009, McCormack et a/. 2009). Furthermore, de-
spite difficulties, speech remains the primary method of
communication for adults with mild to moderate ID
(e.g., Bradshaw 2001, McConkey ez al. 1999).

There is a large range in the source and severity of
speech impairments, just as there is in the degree of
ID (Shriberg and Widder 1990, Icht 2019). Some in-
dividuals fail to develop any speech, while others have
minor speech impairments. Articulation errors are par-
ticularly common (Shriberg and Widder 1990). Speech
intelligibility impairments in adults with ID may stem
from high-level cognitive difficulties involved in speech
motor control and planning, rather than the devel-
opment of the phonemic and syllabic repertoire per
se (Coppens-Hofman ez al. 2016). Therefore, targeted
speech and language therapy may need to focus on repe-
tition and continuous, understandable feedback so that
utterances can become more automated and less reliant
on higher level cognitive processes.

Targeted speech therapy for adults with ID is of-
ten limited or difficult to access (Graves 2007, Terband
et al. 2017, Scottish Government 2012). Terband ez al.
(2017) suggested that was a perception that speech ther-
apy will not be effective post-childhood, but recent re-
search has suggested that targeted and engaging speech

therapy can be effective in improving intelligibility and
clarity in adults with ID (see also Icht 2019). Speech
and language interventions for individuals with ID are
often based around one-to-one sessions with a speech
and language therapist. These sessions might focus on
both listening and articulation, and consist of activates
such as practising exercises that increase in difficulty as
the sessions progress (e.g., Terband ez al. 2017). There
is evidence for the effectiveness of these interventions
in improving speech intelligibility and clarity in indi-
viduals with ID (Terband ez 4/. 2017). However, they
are also resource and time intensive, requiring both the
therapist and the individual to meet for regular ses-
sions, and the motivation to practise and carry out
speech-and-language exercises can sometimes be low,
which is a key factor in users abandoning speech therapy
(Johnson et al. 2006, Koegel et al. 1998).

Learning is strongly influenced by an individual’s
sense of autonomy, which helps drive intrinsic moti-
vation and persistence (Deci et al. 1981, McCrocklin
2016, Ryan and Deci 2006). Many adults with ID
are somewhat resistant to help, preferring to emphasize
their agency, and noting that they want to be ‘treated as
an adult’ (Abbott and McConkey 2006, Klassen 2002,
Smith ez al. 2020). Individuals with ID often respond
best to speech therapy when it is individually adapted
to their interests (Terband ef /. 2017). Icht (2019) de-
veloped a novel technique based on beat-boxing and
rthythm (‘Beatalk’), which was successful in fostering en-
gagement and interest and overcame the problem sur-
rounding motivation and enjoyment in speech therapy.
However, this intervention still required participants
and instructors to attend regular sessions, and there-
fore there is scope to explore complementary alterna-
tives based around low-pressure, highly rewarding and
also distributed practice in the home environment.

The aim of the current study is to explore whether
speech intelligibility improvement can occur naturally
in the home, without individuals attending specific
therapy sessions, via interactions with smart speaker
devices.

Smart speakers to improve speech intelligibility

Recent anecdotal and unpublished reports have indi-
cated that smart speakers could provide a novel route
to support speech intelligibility improvement among
individuals with speech impairments. Interacting with a
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“Tell me a joke”

Smart speaker

responds to verbal “Add I77iI.k to my
commands & shopping list”
questions “Is it going to rain?”
Multiple functions include:
7 Jjﬁ
Reminders & AeCecoto M.usm &
alarms information audiobooks

Social interaction/ 8
emergency calls Control lights

Figure 1. Features of a smart speaker. [Colour figure can be viewed
at wileyonlinelibrary.com]

mainstream smart speaker to access functions via verbal
commands (figure 1) may unite key requisites for learn-
ing: immediacy of rewards, spaced repetition, intrinsic
motivation/autonomy and reduced anxiety/social barri-
ers. In a parallel study, using both qualitative and quan-
titative data, we established that verbal individuals with
mild to moderate ID are able to interact with smart
speaker devices, with around 80% reporting that they
enjoy using them and that they enable them to be more
independent (Smith ez 2/. 2020). Only 9.5% of partic-
ipants with an ID in this study reported not using the
device to access any features.

With smart speakers, the reward (such as entertain-
ment) is immediate, contingent upon speaking clearly
enough for the device to recognize the command. Im-
mediate reward leads to a stronger association with the
behaviour (Bermudez and Schultz 2014, Woolley and
Fishbach 2018).

Second, successful interactions with smart speakers
are likely to be spaced across days and weeks (e.g., ask-
ing for a favourite song; see below for a discussion of
unsuccessful interactions). In contrast, speech and lan-
guage therapists tend to be available for restricted time
periods. It is a long-standing finding that spaced (dis-
tributed) practice is more effective than massed prac-
tice (for reviews, see Dempster 1996 and Kang 2016).
For example, participants receiving the same number
of practice sessions for a new motor task show superior
learning outcomes when the sessions are spread across
days rather than within the same day (Shea ez 2/. 2000).

Third, the motivation for smart speaker engage-
ment is the outcome (e.g., entertainment) rather than

as an exercise to improve speech per se. As noted above,
intrinsic motivation and engagement is critical for any
therapeutic approach in an ID population, and the en-
tertaining and rewarding nature of smart speakers may
encourage individuals to engage frequently and inde-
pendently, without prompting or schedule. In a parallel
study (Smith ez al. 2020), we found that the majority of
people with ID reported that they enjoyed using smart
speaker devices, including when they were alone. We
found that participants reported that the smart speakers
provided social companionship, easy access to entertain-
ment and information, and helped them to carry out
tasks independently (e.g., reminders for medication).
Some participants reported challenges with the smart
speakers understanding their commands and were not
aware of all the available features. However, persever-
ance was generally high due to motivation to engage
with the smart speaker and access its unique features.

Fourth, failing to be understood by a device does
not present the same issues of social awkwardness that
may occur when having to repeat oneself to another
person. Social factors such as fear of judgment and
performance anxiety limit learning, especially among
people with ID where anxiety is common (Polvinen
and Dionne 2019). Individuals with ID can also feel
self-conscious about speech difficulties (Shessel and
Reiff 1999). When using smart speakers, it is normal
that any individual may have to repeat themselves to
be understood. The device provides immediate feed-
back (e.g., Alexa responds, T'm sorry, I didn’t catch
that’), which typically prompts users to repeat the com-
mand, potentially more slowly and clearly. Moreover,
mainstream devices are affordable and inclusive, rather
than labelling someone as needing the assistance of a
‘bespoke device’.

Unbhelpful features of smart speakers

It is also possible that smart speakers could preclude
or limit learning. Off-the-shelf devices have a higher
threshold for speech intelligibility than humans (e.g.,
Ballati ez a/. 2018), who can often guess the intention of
unclear speech or recognize non-verbal communication.
The device’s more consistent threshold might facilitate
learning (Hulac ez a/. 2016), but it is just as likely to
hinder learning. Smart speakers lack the ability to de-
ploy ‘shaping’, where the criterion for reward starts low
and is dynamically adjusted as behaviour more closely
approximates the desired behaviour (if anything the cri-
terion gets slightly lower with use, since the software can
learn to recognize pronunciation by users). The high
initial threshold demanded by the device could lead to
frustration and demotivation, and potentially preclude
learning experiences altogether.
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Second, the range of words used to command the
smart speaker will be much narrower than those needed
to converse with people. Therefore, if the smart speaker
is to have any utility as an intervention to improve
speech intelligibility in general, it is important to as-
sess whether any learning generalizes beyond the spe-
cific words and phrases used to command the device.

Indications that smart speakers might improve

speech intelligibility

In reviews of Amazon Alexa on the Amazon web-
site, Pradhan er a/. (2018) observed that users with
speech impairments discussed speech recognition as a
challenge, but there were also reports that some
individuals learnt to speak more slowly and clearly. A
recent study found that speech production in a second
language (English) improved among four Japanese stu-
dents while using Amazon Alexa over a 10-week period
(Dizon 2020 note there was no control group). In ad-
dition, a small unpublished study (Denman and Jones
2019) found that when talking to a smart speaker, stu-
dents with dysarthria appeared to speak more clearly
according to their speech and language therapists; this
generalized with individuals trying to speak as clearly to
others as they do when speaking to the smart speaker.
Innovate Trust (a supported living provider) also of-
fers anecdotal reports that some individuals with ID
and speech impairment gradually improved their speech
due to a desire to engage with speech-based technology
(Vass 2018). Therefore, although there are some ini-
tial suggestions—either anecdotal reports or small stud-
ies in different populations—that smart speakers might
improve speech intelligibility, there has been no con-
trolled evaluation in an ID population.

Summary

Smart speakers contain several features that could sup-
port speech intelligibility learning. However, commu-
nication difficulties could also preclude device use and
learning opportunities. Even if learning occurs, it may
not generalize beyond the specific commands needed
for smart speakers. This study aimed to determine
whether providing individuals with intellectual disabil-
ities with smart speaker devices improved ratings of
speech intelligibility for (1) phrases related to device
use and (2) unrelated words via a semi-randomized con-
trolled trial.

Method

The study was undertaken in collaboration with a local
charity, Innovate Trust, which provides supported ac-
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commodation to individuals with intellectual disabili-
ties living in Cardiff, Wales, UK. At the outset of the
study, the charity was in the process of introducing
off-the-shelf smart speakers to supported living houses.
The ongoing roll-out provided the opportunity to run
a semi-randomized controlled trial for individuals in
houses yet to receive devices (as detailed in the partici-
pants section below).

The study was entirely naturalistic: individuals in
the intervention group received the device from the
charity. The smart speaker devices were a mixture of
Amazon and Google models, and were purchased in
2018. Instructions on how to use the devices were given
verbally by the member of staff at the charity who set up
the device, and involved basic demonstrations of dif-
ferent uses and features (e.g., playing music, setting re-
minders) and the answering of questions. Beyond this,
individuals were free to use the device as and when they
desired. This approach translates directly to how devices
would typically be used beyond the study setting. Voice
profiles were not set up by the supported living charity
as they were still relatively new features at the time the
study was conducted.

Where a suitable communal space existed, the char-
ity provided a household with one device for all indi-
viduals to use; if there was no appropriate communal
space, individuals received separate devices in their own
rooms. No routine or protocol was imposed on par-
ticipants and device usage was not recorded or moni-
tored (for ethical reasons, as it would require listening to
recordings to determine who initiated each command,
including potential use by house members, staff or visi-
tors not consented in the study). All participants in the
control group received devices in the same way at the

end of the study period.

Participants

All individuals with mild to moderate ID yet to receive
devices were given the opportunity to participate in
the study. Individuals with severe ID who could not
provide informed consent were excluded. Participants
who were considered unable to learn to communicate
with the devices (e.g., due to cognitive or speech im-
pairments that were too severe) were not included in
the study, as judged by the supported living charity.
Sample size was therefore determined by the maximum
number of eligible participants available within the
specific population.

A total of 48 individuals with ID were recruited
to participate, living in 27 households (flats, houses or
buildings with shared living space). These participants
were allocated to either an intervention group, receiv-
ing a device for the study period (median = 12 weeks,
range = 8-20 weeks), or a control group, who received
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N = 48 randomly allocated to intervention or control group

4

A 4

Intervention group
Allocated to intervention group: N = 23
Participated in full trial (t1-t2): N =21
Lost to follow up: moved house (N = 1)

Decided not to participate due to
desire not to have voice recorded (N =
1)

Control group
Allocated to control group: N = 25
Participated in full trial (t1-t2): N = 22

Lost to follow up: moved house (N = 1),
Chose to drop out (N = 1).

Unable to participate due to difficulties
understanding tasks and questions (N =
1).

A\ 4

Assessed at time 1: N =22

A
Assessed at time 2: N =21

Figure 2. Participant allocation and progress through the study.

v

Assessed at time 1: N =24

Assessed at time 2: N =22

Table 1. Descriptive statistics (mean, standard deviation (SD) and range) for chronological age and each IQ/abilities assessment for

each group

N Mean £+ SD Range
Chronological age (years)
Intervention group 22 453 £ 13.7 22-69
Control group 22 48.6 £16.9 22-82
WAIS-1V verbal
Intervention group 20 59.05 £ 8.54 50-76
Control group 16 57.31 & 6.80 50-72
PPVT
Intervention group 2 32.50 £ 12.02 24-41
Control group 6 43.33 +23.29 20-77
WAIS-1V Matrix reasoning
Intervention group 19 3.11£1.29 1-5
Control group 19 3.47 £2.32 1-9

Note: WAIS-IV verbal composite index: norm of 100, SD = 15; WAIS-IV Matrix reasoning subtest: norm of 10, SD = 3; and PPVT: norm of 100, SD = 15.

devices after the study period. Groups were allocated
using a semi-randomized design; individuals within the
same household were allocated to the same group to
avoid exposure to the intervention conditions for those
in the control group (intervention group N = 14 house-
holds, N = 23 participants; control group N = 13
households, N = 25 participants). Households were
randomized by the supported living charity in Mi-
crosoft Excel, and the researchers were not involved in
this process. The final sample size and number of exclu-
sions and drop-outs in each group are shown in figure 2.

The ages of participants in each group are shown in
table 1.

Design
The study used a 2 x 2 design. The within-

participants variable of time had two levels:
time 1 (pre-intervention/control) and time 2
(post-intervention/control). The between-participants
variable of group had two levels: intervention group
and control group. The dependent measure was speech
intelligibility.
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Measures

Participants were given a detailed description of what
each assessment and task (described in detail below)
would involve, but were not told the purpose of the
study so as not to influence the results.

1Q assessments

Verbal 1Q was assessed via the Weschler Adult Intelli-
gence Scale—IV (WAIS-IV; Weschler 2008), and non-
verbal ability was assessed via the Matrix Reasoning sub-
test of the WAIS-IV. A subset of participants with more
limited verbal abilities completed the Peabody Picture
Vocabulary Test—Fourth Edition (PPVT-4; Dunn and
Dunn 2007). An overview of the number of partici-
pants completing each of these assessments and the IQ
for each group is presented in table 1.

Intelligibility assessment

Recordings. A bespoke intelligibility measure was
designed for this study. Each participant with ID was
recorded saying five phrases related to the smart speaker
(e.g., turn on the light) at times 1 and 2. The experi-
menter read out the phrase and asked the participant to
repeat it. This procedure was used as it does not require
reading skills. Participants were also recorded saying 17
words: five pictures of common items (e.g., hat) and
five colours were shown to the participant on a piece
of paper, and they were asked to name them one at a
time. This meant that participants did not have the op-
portunity to copy the experimenter’s pronunciation of
the words. The remaining seven items were included
to cover a ‘wide variety of vocalic nucleus types’ (Weis-
mer et al. 1988: 1282). These seven words were less
common and therefore repeated after the experimenter.
Words and phrases were consistent across participants
and across sessions and were always read out by the same
experimenter (who also conducted the rest of the testing
sessions).

Participants were recorded using a Samson Go USB
condenser microphone (resolution 16-bit), attached to
a laptop, placed on a table in front of them at a distance
of approximately 50 cm. Audio was recorded using the
software Audacity. The volume settings were kept con-
sistent and the default sample rate (44,100 Hz) in Au-
dacity was used. The microphone was set to Cardioid
mode in order to record vocals directly in front of the
microphone. Recordings took place in a separate, quiet
room in the supported living house, or at a day centre,
so as to minimize background noise.

Ratings. At the end of the trial, 24 psychology stu-

dents served as blind raters (unrelated to the project);
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they rated the intelligibility of each phrase from 1 to
7, where 1 = completely unintelligible and 7 = com-
pletely intelligible. The raters heard the phrases/words
via headphones (Sennheiser HD 201). The volume was
pre-set by the experimenter; raters had the opportunity
to adjust the volume to a comfortable level before begin-
ning the experiment, as determined during the practice
trials. All raters found the volume comfortable and no
adjustments were made.

The order of items (each recorded phrase across each
time point) was randomized for each rater and for each
verbal phrase the corresponding label was written on the
screen (see the example in supplementary material A in
the supplemental data online). It took approximately
25 min to rate the phrases. The recordings of 11 of the
individual words were rated by a second group of 24
blind raters, following similar randomized procedures
(35—40 min). Due to rater time constraints, we had to
exclude the words repeated after the experimenter, ex-
cept ‘wax’, which contains a critical phonological com-
ponent of ‘Alexa’ that was absent in the five colours and
five picture names.

We note that the rating method was more consis-
tent with a speech clarity design rather than an intel-
ligibility design, because raters were shown the target
word or phrase during the rating. We took this deci-
sion because each of the words/phrases was repeated
several times (because they were the same across partic-
ipants with ID) and we wanted to avoid order effects,
where ratings might increase based on how familiar the
words/phrases had become to raters. However, we were
clear in our verbal instructions to raters that we were
interested primarily in intelligibility rather than clarity.
For example, they should disregard any accent or per-
ceived norms and rate the recordings based on how easy
to understand they found them. We found that raters
were happy to make these ratings and did not report
confusion with the instructions.

Data analyses

Data were analysed with linear mixed effects models
using the Ime4 (Bates er al. 2015) package in R (R
Core Team, 2016). To obtain p-values for the main ef-
fects and interactions analogous to traditional repeated-
measures analysis of variance (ANOVA), denominator
degrees of freedom were calculated using Satterthwaite’s
approximation implemented in the ImerTest package
(Kuznetsova et al. 2016). Post-hoc comparisons were
therefore analogous to a #test.

Results

Ratings of participants’ intelligibility at times 1 and
2 were assessed using a multilevel linear mixed effect
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A. Smart speaker phrases

Intervention
= === Control

Intelligibility rating (0-7)
(9]

Time 1 Time 2

B. Words

Intelligibility rating (0-7)
(9]

Time 1 Time 2

Figure 3. (A) Mean intelligibility ratings by independent raters of phrases spoken by individuals with intellectual disability (ID) at each time
point for each group; and (B) mean intelligibility ratings of spoken words (colours, object naming and ‘wax’) at each time point for each group.
These plots are based on the fixed effect estimates from the model (i.e., the standard error is associated with the raters and variance across the

individuals with ID). The rating scale has a range from 1 to 7.

model in order to account for the shared variance both
within the individuals with ID (i.e., it is a repeated mea-
sure) and the student participants who rated the phrases
for intelligibility. Participant houses were also initially
included as a random effect, however, there were too
few instances of participants sharing houses to allow the
model to calculate the variance associated with this fac-
tor, and it was therefore not necessary to include it in
the final models. The model included three fixed ef-
fects: group (experimental versus control, between sub-
jects), time (time 1 versus time 2, within subjects) and
the group x time interaction. Individual raters and in-
dividuals with ID were treated as random effects (inter-
cepts). Mean scores across groups and conditions, and
full post-hoc comparisons are shown in supplementary
material 2 in the supplemental data online.

In the first model, we assessed intelligibility ratings
of phrases directly related to the smart speaker (e.g.,
‘play some music’). There was a significant interaction
of time x group (figure 3A) (F(1, 1996) = 23.91, p <
0.001), with post-hoc comparison showing a greater in-
crease in intelligibility ratings for the intervention group
(mean = 0.36, #1996) = 9.83, p < 0.001) relative to
the control group (mean = 0.11, (1996) = 3.07, p <
0.01). The main effect of time was also significant (#(1,
1996) = 84.23, p < 0.001).

While there was a numerical difference between the
control and intervention group at baseline, it was not
significant ((41) = —0.78, p = 0.44), and there was no
significant main effect of group (F(1, 41) = 1.04, p =
0.31). Note that time was within subject, while group
was between subject and the ID population had wide
heterogeneity. We could not pairwise control for speech
intelligibility ratings; households of participants were
randomly allocated to either group. Reassuringly, there
was also no significant difference between groups on the

IQ measures, verbal or otherwise. There were numeri-
cally more participants in the control group who did
not take the verbal IQ test, indicating possible speech
difficulties, but their picture vocabulary (PPVT) was
not lower than the interventional group (table 1).

The finding of importance here is the interaction,
indicating that despite heterogeneity, a significantly dif-
ferent effect of time could be detected. Due to the sig-
nificant interaction in the first model, we carried out a
second (identical) model to assess if improvements were
replicated in words not directly associated with smart
speaker commands (colours, object naming and ‘wax’).
For these unrelated words we also found that the in-
teraction of time X group was significant (figure 3B)
(F(1, 1996) = 6.93, p < 0.01), with a post-hoc com-
parison again showing that the increase in intelligibility
ratings was greater for the intervention group (mean =
0.13, (1996) = 4.50, p < 0.001) relative to the control
group (mean = 0.02, (1996) = 0.84, p = 0.40). The
main effect of time was also significant (F(1, 1996) =
14.406, p < 0.001) and the main effect of group was not
(F(1, 41) = 3.60, p = 0.06). Again, there was no signif-
icant group difference at baseline (¢ 41) = —1.72, p =
0.09).

Together, these analyses show that access to smart
speakers led to improvements in speech intelligibility
ratings not only for phrases related to smart speakers
but also more generally for unrelated words.

Effect of intervention duration

The median duration of the intervention period was
12 weeks; however, there was some variance around
this due to logistical constraints (range = 8-20 weeks).
We were therefore interested in whether the improve-
ment in speech intelligibility ratings was related to the
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duration of the intervention period (i.e., how long the
individual had access to the smart speaker). However,
we did not find evidence for a correlation between the
duration of the intervention period (in weeks) and im-
provement in intelligibility ratings for either words (r =

0.27, p = 0.25) or phrases (r = -0.23, p = 0.3).

Reliability of the ratings

To ensure our results were underpinned by good reli-
ability of the intelligibility ratings, we analysed agree-
ment between the raters using a two-way random ef-
fects intraclass correlation coefficient (ICC) for absolute
agreement. We report both the single and average rater
ICCs as we average across the raters for our main analy-
sis. For the phrases, this showed good agreement for the
single rater, ICC(2,1) = 0.72, 95% confidence interval
(CI) [0.69, 0.75], and excellent agreement for the aver-
age rater, ICC(2,k) = 0.98, 95% CI [0.98, 0.99]. For
the words, this showed moderate agreement for the sin-
gle rater, ICC(2,1) = 0.48, 95% CI [0.44, 0.51] and
excellent agreement for the average rater, ICC(2,k) =
0.96, 95% CI [0.95, 0.96]. These results therefore sug-
gest good rater reliability.

Discussion

We found improved ratings of speech intelligibility for
individuals with mild to moderate ID who had the op-
portunity to use smart speakers over about a 12-week
intervention period. Although the exact mechanism of
effect is still undetermined, this is the first controlled
trial to examine, and find, improved speech intelligi-
bility ratings following smart speaker use. The findings
are consistent with previous anecdotal reports (Denman
and Jones 2019, Dizon 2020, Pradhan ez 2/. 2018, Vass
2018), and potentially open up an exciting new avenue
for speech intelligibility therapy within the field of ID
and beyond.

Generalization beyond specific smart speaker phrases

Speech improvement was found for phrases that were
related to device use (e.g., play some music), and the ef-
fect was replicated, although a little smaller, for unre-
lated words (e.g., colours), thus going beyond specific
practiced phrases. This finding is particularly significant
given that the smart speakers were not actively provided
as a speech training tool, but rather to improve quality
of life with entertainment functions. No protocols or
practice regimes were imposed to improve speech intel-
ligibility. The intelligibility gains were a by-product of
unstructured use of smart speakers for desired functions
(e.g., playing music).

Elizabeth Smith et al.

Reduced speech intelligibility is common among in-
dividuals with mild to moderate intellectual disabilities
and has a major impact on social interaction (Hitchcock
et al. 2015, McCormack ez al. 2009). Given the impor-
tance of social interaction for quality of life among this
population (Nota ez al. 2007), any increase in intelligi-
bility could have important implications for well-being.

This study raises the question of whether benefits
would also occur for the many other individuals with
speech and language difficulties (Law ez 2. 2007), where
waiting lists for therapy can be long (Bercow 2018).
The motivating features of smart speakers could sim-
ilarly support second language learning, as implicated
in previous (uncontrolled) research (e.g., Dizon 2020,
McCrocklin 2016).

What drives the effect of smart speakers on speech
intelligibility ratings?

The intention in this study was to determine outcomes
in a typical autonomous setting, rather than through
a specific regime. Therefore, it does not establish the
means by which smart speakers helped improve intelli-
gibility. However, we expect four factors to have played
a role: immediacy, spaced repetition, autonomous mo-
tivation and removing social barriers.

Immediate feedback about whether phrases have
been understood, and immediate reward if the intel-
ligibility threshold is exceeded, are expected to be key
for learning (Bermudez and Schultz 2014, Woolley and
Fishbach 2018). Smart speakers also support spaced
repetition (Dempster 1996). One of five ‘good com-
munication standards’ outlined by the RCSLT (2014)
is giving individuals frequent chances to communicate.
Smart speakers are always present and will always
respond.

In our study learning was autonomous, self-
motivated and naturalistic, which is reported to be par-
ticularly effective for improving speech intelligibility
(Camarata 1993, Koegel er al. 1998), and motivation
more generally (Guay ez al. 2008, McCrocklin 2016,
Ryan and Deci 2006). There is limited research on in-
telligibility training for adults with ID, and previous re-
search indicates that compliance and motivation levels
can be low for some types of speech therapy (van Leer
and Connor 2010). Providing options for home learn-
ing has been shown to be effective in the past, for exam-
ple, giving individuals digital tools for home practice
can lead to improved outcomes in vocal training (van
Leer and Connor 2012).

Attrition to an intervention is also likely to reduce
when the intervention is enjoyable and engaging. Icht
(2019) reported positive outcomes following the design
of a fun beat-boxing intervention for adults with ID.
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In our study, smart speakers are more than just a route
to practise verbal communication: they also unlock a
number of enjoyable and useful features that individu-
als with ID may not be able to access without the smart
speaker. In a parallel study to this one, where we con-
ducted questionnaires and qualitative interviews about
device use and experiences, we found that some indi-
viduals with ID reported strong motivation to perse-
vere with their smart speaker despite the challenge of
being understood (Smith ez 2/. 2020). In that study, we
also found that individuals with ID were positive about
the devices in general, reporting that they felt they gave
them more independence and that they particularly en-
joyed accessing entertainment features. Therefore, be-
cause there are strong motivations to continue to use
the devices, improvements in speech intelligibility are
really a secondary, ‘hidden’, outcome, and are not the
main reason that someone would use the device.

We further suspect that smart speakers might help
to remove social barriers (e.g., social anxiety or con-
cerns of embarrassment when repeating questions or
requests), and avoid the social stigma and negative
aesthetic often associated with bespoke support tools
(Judge ez al. 2009).

It is also possible that improvements are not due to
interacting with the smart speaker per se, but are driven
by indirect factors related to the presence of the smart
speaker. For example, the smart speaker might prompt
more interactions with staff members, family or house-
mates (e.g., instructions on how to use it, comment-
ing on features, offering encouragement or feedback).
Therefore, the device could have served to increase the
participants’ interactions with other people, and this
could in turn underlie speech improvements. However,
we found in a previous study that many of the partic-
ipants with ID enjoyed using the smart speaker device
when alone (Smith ez a/. 2020) and only 27% reported
that they needed help using it, which suggests that this
is unlikely to be the only credible explanation.

We cannot distinguish between direct and indirect
effects in the present study, although it would be useful
and interesting to do so in future work. However, even if
the smart speaker’s influence on improvement is partly
indirect, it is still a relatively simple and cost-effective
solution. Voice and video calling from the smart speak-
ers was unfortunately not set-up for some participants
in the study, but in future it would be interesting to see
if these features might prompt more social interactions
that might, in turn, lead to improvements in speech and
language.

Limitations of smart speakers

It is worth noting that although improvements were
found following the use of smart speakers, the effect

sizes were relatively modest. It is possible that formal
and targeted speech therapy might produce larger treat-
ment effects in the same time frame, although we did
not test this comparison in the present study. In our par-
allel study (Smith ez a/. 2020) we found that a minority
of individuals did not use the devices very frequently
because they had not received sufficient training, and
that some features had not been set up (e.g., voice call-
ing). However, only 9.5% of participants in this study
did not access any features of the smart speakers, and
around 80% of individuals reported that they enjoyed
using the devices and that they increased their indepen-
dence. Qualitative data from both participants with an
ID and their support workers also provided evidence
that the devices were used and enjoyed by the major-
ity of participants. Qualitative data also suggested that
there was a high level of perseverance and that partici-
pants with ID would repeat commands until the smart
speaker registered them.

We had limited control over these factors because
the study was naturalistic and opportunistic. In fu-
ture, we would look to increase support for device use
and tailor features to individual needs. This could lead
to greater device use and interaction, and associated
gains in speech improvement. For example, many smart
speakers now have a ‘voice profile’ option, which al-
lows them to adapt to individual voices, although for
the purposes of speech intelligibility training, it may be
useful for the device to have a relatively high speech
recognition threshold as this would encourage greater
intelligibility. The duration of the study was also rel-
atively short (approximately 12 weeks), and it is pos-
sible that greater gains might be observed with longer
treatment exposure. We did not find a correlation be-
tween intervention duration (i.e., the number of weeks
that participants access the devices) and improvement
in speech intelligibility, but the variance in duration was
limited and not a design feature of the study. In future
research exploring exposure duration, it would be im-
portant to distinguish between intervention duration
(i.e., in weeks) and usage duration (i.e., number and
length of interactions).

It is also important to acknowledge that poor speech
recognition, at least in the initial stages of device use,
can cause frustration for a minority of individuals
(Smith er 2l. 2020). We found that some individu-
als showed strong perseverance, for example, practising
alone, but a small minority (9.5%) did not use their de-
vice or learn what it could do. Pradhan ez 2/. (2018) also
reported speech challenges for smart speaker use among
individuals with speech difficulties (as well as improve-
ments). While the mainstream nature of smart speakers
means that they are inclusive, individuals with more se-
vere speech and language difficulties may nonetheless be
excluded from using devices due to the verbal nature of
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the technology. Smart speaker companies are continu-
ally improving the speech recognition of devices. In the
face of these potential developments, from a speech in-
telligibility intervention viewpoint it may be important
to consider the possibility of setting specific thresholds
of voice recognition to ensure that speech intelligibil-
ity is encouraged at an achievable level. There are also
privacy issues to keep in mind, as with all web-linked
technology.

Study limitations

A limitation of the study was that we were not able to
record the number of times individuals used and inter-
acted with the smart speakers and the quality of these
interactions. These data were not recorded for ethical
reasons as it might require us to listen to recordings
from people not consented in the study, such as visitors.
Therefore, we cannot measure any ‘dose-dependent’
effects or assess the different types of utterances that
were directed towards the device and whether these
related to specific improvements in speech. However, in
associated research we have shown that individuals did
engage with the devices in general and enjoy using
them, so it was not the case that participants in the
intervention group did not interact with the smart
speakers at all (Smith ez 2. 2020). This study was an
important first step in establishing a potential inter-
vention effect, and future research could explore the
mechanism of this effect in greater detail.

Conclusions

Access to smart speakers led to significantly im-
proved speech intelligibility ratings among adults with
ID. This improvement extended beyond the specific
phrases needed to control the device. These findings
have potential relevance for other groups experiencing
speech and language difficulties, and could viably of-
fer a simple-to-deliver, affordable route to supplement
speech and language therapy at scale. Future research
should further investigate the mechanisms behind these
improvements.
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