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Use and acceptance of voice
assistants among people with
aphasia in Germany

Naizeth Núñez Macías*†, Martina Hielscher-Fastabend* and

Hendrik Buschmeier*

Faculty of Linguistics and Literary Studies, Bielefeld University, Bielefeld, Germany

Aphasia is an acquired disorder that a�ects the ability to communicate. The

increasing availability of voice assistants (such as Amazon Alexa or Google

Assistant) provides new opportunities to support people with aphasia in a variety of

tasks, from everyday communication to speech and language therapy exercises.

To ensure accessibility and acceptance, it is important to involve people with

aphasia in the development process. Using the Unified Theory of Acceptance and

Use of Technology (UTAUT2) as a theoretical framework, this study examines their

willingness to use voice assistants and explores which potential applications they

consider useful for participation in social and cultural contexts. These questions

were addressed through a survey. Eight people with aphasia took part in the study.

Although the sample size does not allow for statistical analysis, the results provide

valuable insights for further research. Most of the participants showed a general

interest in using voice assistants, two of them were already users. The presence of

physical limitations motivates the use of speech-based technology. Participants

who already used voice assistants saw them as a practical support in everyday life,

while non-users had lower expectations in this respect. Social influencewas found

to play an important role. Participants’ perceptions of privacy and data security

issues varied and do not allow for generalization. Finally, some participants showed

a preference for communication support applications (e.g., word finding, sentence

formation, grammar support) over applications used for therapy exercises such as

word training.

KEYWORDS

voice assistants, aphasia, speech and language impairments, assistive technologies,

technology acceptance

1. Introduction

Aphasia is an acquired language disorder caused by brain damage that can affect all

languagemodalities (listening, speaking, reading, and writing) to varying degrees, depending

on the location and extent of the brain damage. Symptoms of aphasia can manifest

themselves at all levels of language, from phonology to difficulties in word formation,

vocabulary and semantic problems, as well as syntactic and pragmatic abnormalities (Clark

and Cummings, 2003; Damico et al., 2021; Schneider et al., 2021). A common symptom is

word finding difficulties, which may manifest as semantic or phonemic paraphasias or tip of

the tongue phenomena. Accompanying symptoms may include motor deficits and cognitive

impairments such as deficits in attention, short-term and working memory, and executive

functions (memory, action planning, problem-solving thinking; Thöne-Otto, 2017; Code,

2021).
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Aphasia affects more than 100,000 people in Germany. In

80% of the cases, the brain damage is caused by a stroke due

to an ischemic or hemorrhagic insult. The remaining causes

include acquired brain injury, brain tumors, inflammatory diseases,

hypoxia (lack of oxygen), and brain atrophy (Bundesverband

Aphasie e.V., 2022). As stroke is the most common cause of aphasia

and strokes affect people over the age of 55 (Sudlow and Warlow,

1997), aphasic patients are often middle-aged or elderly. Aphasia

is often accompanied by negative emotional and psychosocial

changes. Social participation, carrying out activities of daily living

and returning to work become more difficult, resulting in the need

for support in several areas of life and a change in roles within

families (Nätterlund, 2010; Beals et al., 2016; Code, 2021; Schneider

et al., 2021).

The variety of symptoms experienced by people with aphasia

also makes it difficult to interact with products and technologies

such as mobile phones, creating a barrier to digital participation

(Greig et al., 2008; Brandenburg et al., 2013). A study of the digital

divide among people with disabilities (Johansson et al., 2021) found

that a higher percentage of people with aphasia reported difficulties

with finding information, navigating, understanding information,

and using passwords compared to people with autism, attention

deficit hyperactivity disorder (ADHD) and bipolar disorder. In

addition, women with aphasia reported feeling more digitally

excluded than other disability groups, including people with visual

and fine motor impairments. However, the study by Johansson

et al. (2021) focused on technology controlled by touch screens

or keyboards. To our knowledge, there are currently no studies

on the attitudes and barriers that people with aphasia face when

interacting with voice assistants, which are digital assistants that are

primarily voice controlled.

A particularity of voice assistants is that they offer the possibility

of a human-computer interaction that is more similar to human-

to-human interactions, compared to graphical user interfaces

(Yaghoubzadeh et al., 2015; Nasirian et al., 2017). Olafsson et al.

(2021) found that even though traditional tap and swipe user

interfaces are often preferred over conversational interfaces for

tasks under time pressure and for quick transactional tasks,

conversational agents are an alternative for older users and users

with lower computer and smartphone literacy.

Due to the growing popularity of voice assistants and their low

cost (compared to other technologies such as robots), it is necessary

to focus scientific attention on such products and their potential

as assistive technologies (Masina et al., 2020). Functions such as

reminders (Hellwig et al., 2018; Malapaschas, 2021), Smart Home

applications, infotainment, communication (calls and messages;

Hellwig et al., 2018), health documentation (Hellwig et al., 2018;

Zhang et al., 2023), and managing shopping, to-do lists (Pradhan

et al., 2018), or structuring the day (Kopp et al., 2018) can optimize

the quality of life of people with physical, cognitive, and language

or speech impairments and give them a sense of independence. At

the same time, the workload of caregivers and medical staff can be

reduced (Hellwig et al., 2018; Zhang et al., 2023).

The most popular commercial voice assistants are Amazon

Alexa, Apple Siri, and Google Assistant. Amazon andGoogle offer a

variety of dedicated hardware devices (often called smart speakers)

for their voice assistants. However, many other devices that can

connect to the Internet provide additional hardware for interaction,

such as smartphones, smart TVs, or tablet PCs (Hoy, 2018).

Since their introduction, voice assistants have become increasingly

popular, as evidenced by the growing number of users. According

to a survey conducted in May 2020, two out of five internet users

in Germany (39%) use voice commands (Paulsen and Klöß, 2020).

One year later, 44% of Internet users were already using voice

applications (Klöß, 2021).

Commercial voice assistants are considered web interfaces,

meaning that users can use such systems to access information

through search engines, as well as to access services and resources

such as email, phone calls, and messages (Natale and Cooke,

2021). Researchers have identified music, search, and smart home

devices (e.g., smart lights, thermostats) as the most commonly

used command categories (Ammari et al., 2019). Other functions

recognized as potential uses of mobile technologies to enhance

participation of people with aphasia (Brandenburg et al., 2013)

can be fulfilled by voice assistants, e.g., supporting interpersonal

relationships through chatting and social networking, and enabling

activities such as online shopping, managing, and remembering

tasks and schedules, or video calling. The publication of the World

Health Organization’s International Classification of Functioning,

Disability, and Health (ICF; World Health Organization, 2001)

has resulted in an international interest in “participation” as the

most important factor for rehabilitative outcomes. The ICF defines

participation as involvement in a life situation and participation

restriction is defined as problems an individual may experience

in involvement in life situations. In the context of language

problems and aphasia a regain of participation means the regain

of communicative opportunities and the enhancement of chances

to take part in individual private, social and cultural discourse. Of

course, there is no universal definition and operationalization of

the concept of verbal or communicative participation in people

with aphasia, but Schneider et al. (2021) try to outline factors for

diagnostic issues and therapeutic approaches.

Voice assistants such as Alexa and Google Assistant provide

access to their application programming interfaces (APIs), opening

up the possibility of developing custom applications (Hoy, 2018;

Coates, 2019; Walls, 2022). This allows developers to create new

features to address the unique needs of people with speech and

language impairments. Here, we focus on applications for people

with aphasia.

International organizations and researchers recognize the

usefulness of digital assistants for people with aphasia. The National

Aphasia Association in the United States recommends the use of

commercial voice assistants, highlighting the advantage that such

systems never tire (National Aphasia Association, 2022). Beals

et al. (2016) highlight that technology offers the advantage of

never getting bored and potentially reducing feelings of shame

about the language disorder. In Europe, The Tavistock Trust For

Aphasia, a UK-based organization, also recommends the use of

voice assistants and lists use cases such as practicing everyday

phrases and simple conversations (Aphasia Software Finder, 2022).

It also publishes a list of Amazon Alexa skills, available in English,

that people with aphasia can benefit from.

Qiu and Abdullah (2021) give a very visionary positive sight

on the potentials of voice assistants to assist people with language
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problems. Further research has explored the suitability of voice

assistants in speech and language therapy for children with autism

using a prototype application (an Amazon Alexa skill) that would

deliver images through an iPad (Allen et al., 2018) or directly

through an Amazon Echo Show (an Alexa-enabled device with

display; Yu et al., 2018). Allen et al. (2018) found that the accuracy

of the speech recognition was insufficient for use in a clinical

setting. However, when the speech recognition succeeded and

the images were successfully retrieved, the participants (children

with autism) consistently followed the target directive. The study

of Yu et al. (2018) reported a higher accuracy in retrieving

visual content and an overall positive response by the participants

(speech and language therapists). Hricová and Glady (2023)

explored advantages and disadvantages of using voice assistants

for speech and language therapy with children. Additionally, the

authors present a list of publicly available Amazon Alexa skills

and describe the therapy goals that these skills can support.

Other researchers have examined the accessibility and potential

uses of voice assistants with target groups such as people with

cognitive (Masina et al., 2020; Malapaschas, 2021), motor, or

language limitations (Masina et al., 2020). These studies suggest

that voice assistants can be used as an assistive technology and

increase participation in everyday life. The role of the family

members in the rehabilitation process and as main supporters

in choosing and learning how to use assistive technologies is

emphasized in both studies. Equally relevant to this topic are

studies about other implementations of speech technologies in

the context of speech and language impairments. Beals et al.

(2016) analyzed the components of speech technologies in terms

of applicability to language disorders such as aphasia and language

development disorders such as dyslexia or autism spectrum

disorders. Researchers have also studied the suitability of robots

in speech therapy (Malchus et al., 2013, 2019). It was found that

speech therapists would be willing to use social robots in aphasia

therapy if they had certain characteristics such as adaptability and

very good language production and comprehension capabilities

(Malchus et al., 2013).

However, people with speech and language impairments

are often not understood by commercially available voice

assistants because they have been trained on audio recordings

of healthy speakers. As a result, variations in breathing,

phonation, and articulation lead to lower speech recognition

performance (Beals et al., 2016). Despite lower performance,

Pradhan et al. (2018) found that people with speech and language

impairments are using voice assistants. Their analysis of reviews

of the Amazon Alexa Echo Show device showed that family

members of people with speech and language impairments

perceived an improvement from interacting with voice assistants.

Opinion articles emphasize that people with speech and language

disorders can benefit enormously from the use of speech

technology, e.g., by providing a higher degree of participation

and independence (Corcoran, 2018) or by making speech therapy

more accessible (Kevin Wheeler, 2020), and criticize that this

target group has not been taken into account in the design

of the technology. Therefore, it is claimed that the data for

training speech recognition should be improved. Perhaps as a result

of such criticism, manufacturers of voice assistants are making

efforts to improve speech recognition for people with language

TABLE 1 Extended UTAUT2 according to Kessler and Martin (2017).

Determinants Meaning

Performance

expectancy

“The degree to which using a technology will provide

benefits to consumers in performing certain

activities” (Venkatesh et al., 2012, p. 159)

Effort expectancy “The degree of ease associated with consumer’s use of

technology” (Venkatesh et al., 2012, p. 159)

Social influence “Is the extent to which consumers perceive that

important others (e.g., family and friends) believe

they should use a particular technology” (Venkatesh

et al., 2012, p. 159)

Facilitating

conditions

“Consumers’ perceptions of the resources and

support available to perform a behavior” (Venkatesh

et al., 2012, p. 159)

Price value “When the benefits of using a technology are

perceived to be greater than the monetary cost”

(Venkatesh et al., 2012, p. 161)

Habit “The extend to which people tend to perform

behaviors automatically because of learning”

(Venkatesh et al., 2012, p. 161)

Data security “Showing transparency and control over the gathered

information” (Kessler and Martin, 2017, p. 17)

Connectivity “When a user wants his purchased technology to be

connected to others for interaction reasons” (Kessler

and Martin, 2017, p. 18)

Relationship with

the device

“The effects of the relationship between intelligent

machines and human beings” (Kessler and Martin,

2017, p. 18)

impairments (Cattiau, 2019; Deighton, 2021; MacTechNews.de,

2022).

Previous research has analyzed the acceptance factors

influencing the adoption of digital assistants by older people

(Koon et al., 2020), but to our knowledge there is no research

on the acceptance of such systems by people with aphasia. By

evaluating acceptance, it is possible to identify requirements and

needs, the fulfillment of which can enable people with aphasia

to benefit from such systems. Here, the Theory of Acceptance

and Use of Technology 2 (UTAUT2; Venkatesh et al., 2012) in

the version adapted by Kessler and Martin (2017) was chosen for

the analysis of acceptance factors because of its focus on artificial

intelligence technology. This model considers the following

factors: Performance expectation, effort expectation, social

influence, facilitating conditions, price value, habit, data security,

connectivity, and relationship with the device (Kessler and Martin,

2017). The definitions of the determinants are summarized in

Table 1.

The purpose of this study is to examine the desirability of using

commercial speech assistants as a communication aid and adjunct

to speech therapy for people with aphasia. In order to verify the

suitability of voice assistants, this study examines the factors that

influence the adoption of voice assistants by people with aphasia.

In addition, our study addresses the question of which use cases

people with aphasia find useful for better participation in social

life. The present work is intended to serve as a basis for the future

development of applications for voice assistants that support people
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with aphasia and aims to contribute to closing the research gap in

this area.

2. Materials and methods

We conducted a survey1 to find out about the willingness of

people with aphasia in Germany to use commercially available voice

assistants in their everyday life and in speech and language therapy,

as well as the factors that influence the adoption of voice assistants.

An online questionnaire was created using the EFS Survey Software

Unipark. The study was reviewed and approved by the internal

ethics committee of Bielefeld University (reference no. 2021-222).

For data collection, the link to the online questionnaire was

sent to self-help groups through the Stiftung Deutsche Schlaganfall-

Hilfe and placed on the web page of the Aphasia 4.2 Online

Congress in Germany. In addition, cooperation partners of the

researchers were asked to forward the online questionnaire to their

patients with aphasia. The survey was made available between

March and June 2022. One participant completed the questionnaire

during a telephone conversation with one of the researchers.

Two additional participants completed a paper version of the

questionnaire in October 2022. Participants weremade aware of the

voluntary nature of their participation and informed that their data

would be handled in accordance with data protection regulations.

Data collection was anonymous and no compensation was offered.

2.1. Participants

The target group of the study was people with aphasia,

regardless of whether or not they were using voice assistants at the

time of the study. A total of eight people with aphasia (three males:

A1–A3 and five females: A4–A8) participated in the study. Age was

reported in age groups: 36–50 years (A1, A4, A5, A6), 51–65 years

(A2, A3), and 66–80 years (A7, A8). A2 did not complete the survey,

but their available responses are analyzed in this study (as this was

an online questionnaire, the reason for the interruption is unknown

to the authors).

2.2. Questionnaire

The questionnaire contained between 49 and 53 questions.

In addition to demographic data, the survey included a 5-

point Likert scale (strongly agree to strongly disagree) rating of

potential applications to support people with aphasia. Participants

were asked about their experience with voice assistants and with

technology in general. Participants who had used voice assistants

answered questions about how they used the assistant, while

participants who had not used voice assistants were asked about

their reasons for not using them. These questions were related to

the acceptance factors of the UTAUT2 model. An overview of the

assignment of the questions to the UTAUT2 model can be found in

Table 2. Most of the questions used a 5-point Likert scale (strongly

1 Most of the participants answered the survey online due to COVID-19

restrictions that made it di�cult to meet participants in person.

TABLE 2 Summarized overview of the questions and their assigned

determinants according to the UTAUT2 model by Kessler and Martin

(2017).

Determinant Questions

Performance

expectancy

—Motivation for using voice assistants (open question)

—The voice assistant generally understands me well

—I am afraid of not being understood by the voice

assistant

—The voice assistant is/would be a good support in

everyday life

—The voice assistant is/would be a motivation to

improve my language

Effort expectancy —Using the voice assistant is easy for me

—I don’t know how voice assistant work

—I need help in dealing with technology

—I am interested in technologies

—I often have to ask how my

computer/tablet/smartphone works

Social influence —I have family and/or friends who support me in

dealing with technology (yes/no)

—Use by friends or relatives (yes/no)

—Recommendation by friends or relatives (yes/no)

Facilitating

conditions

—Access to internet (yes/no)

—Access to internet-enabled devices (multiple choice)

—Using computers and cell phones is complicated due

to physical limitations

—I can imagine using voice assistants at home in the

future

Price value —Buying a voice assistant is too expensive for me

Habit —Frequency of use (multiple choice)

—Used functions (multiple choice)

Data security —I am concerned about the security of my data

Connectivity —On what device is the voice assistant being used, e.g.

smart speakers, smartphone, etc. (multiple choice)

Relationship with

the device

—I get frustrated when the voice assistant doesn’t

understand me well

—I think it is amusing/weird to talk to a machine

agree to strongly disagree). Questions with a different format are

specified in Table 2. The original questionnaires are available in the

Supplementary material.

3. Results

Aphasia has been present for more than a year in almost all

cases, only in A7 it was present for less than six months. Two

participants (A4, A5) reported using voice assistants at the time of

the survey. All participants reported having an internet connection

and at least one internet-enabled device at home: Computer or

laptop (n = 8), smartphone (n = 7, except for A1), tablet or

iPad (n = 3), or smart TV (n = 2). None of the participants used
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TABLE 3 Individual participants’ (A1, A3–A8) evaluation of voice assistant applications for supporting people with aphasia.

Statement Strongly agree Agree Neutral Disagree Strongly disagree

I would like to integrate voice assistants into the speech

therapy I am currently doing

A4, A5, A6 A8 A1, A7 A3

Exercises with voice assistants should be used as

homework in my speech therapy

A4, A5, A6 A8 A1 A3, A7

I would like to be able to ask the voice assistant for help

when I cannot remember a word

A3, A4, A5, A6, A8 A7 A1

I would like to train words with the voice assistant A3, A4, A5, A8 A6 A1, A7

I would like to get help with grammar from the voice

assistant

A3, A4, A5, A6, A8 A7 A1

I would like to ask the voice assistant how to form a

sentence

A3, A4, A5, A6, A8 A7 A1

In my opinion, a voice assistant can replace my speech

therapy

A1, A4, A5 A6, A8 A3, A7

A2 did not answer these questions.

voice assistants prior to their aphasia, and only A4 and A7 reported

having used a therapy app.

In this section, we present the results of the survey in

two parts. In Section 3.1, we summarize the evaluation of a

list of potential applications to support people with aphasia in

everyday communication and during speech and language therapy.

Section 3.2 is dedicated to analyzing the factors that either

encourage or discourage individuals with aphasia from utilizing

voice assistants. We sum up the feedback provided by both voice

assistant users and non-users separately.

We analyzed the data as follows: Questionnaire responses from

all participants were collected in a spreadsheet. The responses

were then compiled into tables, such as Table 3, from which

the acceptance factor analysis was performed. In the following

description of the results, participants were grouped based on their

responses (e.g., to the questions in Table 2), thus identifying profiles

and individual attitudes, preferences, or usage patterns. The data is

available in the Supplementary material.

3.1. Potential applications for people with
aphasia

Participants were asked to rate, on a 5-point Likert scale,

potential use scenarios for voice assistants to support people with

aphasia. These features are not currently available, but it is possible

to develop such applications. The results are summarized in Table 3.

There are notable differences between participants who have used

voice assistants and those who have not. A4 and A5 rated all of

the proposed applications positively, whereas the opinions of the

participants who did not use voice assistants ranged from very

positive to very negative. In addition, some participants showed

more interest in using applications to help with grammar, sentence

formulation, or word finding difficulties than in speech therapy

applications such as word training or doing exercises assigned by

the therapist. An unexpected finding was that three participants

agreed to the statement that their therapy could be replaced by

voice assistants. However, the authors see the use of voice assistants

mainly as a resource for better access to information and for

participation in daily routines.

3.2. Perception of voice assistants

In this section, we analyze the factors that influence or

inhibit the use of voice assistants by people with aphasia. For

clarity, responses from users and non-users of voice assistants are

discussed separately.

3.2.1. Users
Two participants reported using voice assistants several times

a day on a smart speaker and a smartphone (A4 and A5). A4

also reported using the voice assistant on a tablet or iPad and on

a computer. Both participants use Google Assistant and Amazon

Alexa. A4 also uses Bixby (a voice assistant by Samsung).

When asked what motivated them to use a voice assistant, they

refer to existing deficits (e.g., A4: “richtig schreiben, fehlerlos, ist mit

Aphasie nicht mehr möglich” [“writing correctly, without errors, is

no longer possible with aphasia”]) and to feelings of shame that

do not arise during interaction with the voice assistant, possibly

in contrast to interaction with other people (A5: “um Hilfe zu

finden” [“to find help”], “die Antworten die man bekommt ohne als

dumm zu wirken” [“the answers you get without being perceived

as dumb”]). Positive aspects of the voice assistant are that users

do not have to write (A4) and that the information they receive

from the assistant is polite and accurate (A5). As a negative aspect,

A5 reported that the voice assistant speaks too fast and sometimes

cannot understand the commands.

A4 and A5 have in common that they perceive the voice

assistant as a good support in everyday life, but they are neutral

about the voice assistant as a motivation to improve their language.

Further results show that A4 and A5 have fundamentally different

perceptions of their experience with voice assistants. A5 reported

finding the voice assistant easy to use and being well understood
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by it. A4 was neutral about the ease of using voice assistants

and being sometimes misunderstood by them. There is also a

wide variation in their assessment of their technology competence

and the frequency with which they ask for help when using

mobile devices such as computers, tablets, or smartphones. A4

reported high confidence in using technology and rejected the

need to constantly ask for help, while A5 was neutral about her

technological competence and reported a constant need for help in

using mobile devices.

A4 and A5 are unique in that they both have someone in

their environment (family or friends) who has already used a voice

assistant and recommended it to them, as well as someone who

supports them in using technology. In addition, both participants

indicated that physical limitations make it difficult for them to

use mobile devices. However, further information about these

limitations was not available to the researchers.

Both participants use the following functions: timer, calls,

writing messages, listening to the radio, asking about the weather

and asking for addresses. A4 also uses features such as online

shopping and shopping lists, and smart home features such as

turning lights on and off and controlling the TV. A5 also listens

to online books and asks for jokes.

Concerns about data security are partially present for A5, but

not for A4.

A4 reported that she was sometimes misunderstood by the

voice assistant and felt frustrated when this happened. She also

rejected finding it amusing to talk to a machine. On the other hand,

A5 is not frustrated with the device due to lack of understanding

and is partially comfortable talking to a machine.

3.2.2. Non-users
When asked which voice assistants they had heard of, all non-

users except for A3 reported knowing Amazon Alexa and Google

Assistant. Other known voice assistants areMicrosoft Cortana (n =

2), Apple Siri (n = 1) and Magenta (n = 1).

Participants were presented a list of possible reasons for not

using voice assistants and were asked to evaluate the statements

on a 5-point Likert scale. A8 reported having difficulties answering

these questions and left them unanswered. Instead, she expressed

verbally that she did not use voice assistants because it was all too

new for her. Two of the non-users (A1, A6) reported that they

feared to bemisunderstood, for A2, A3 andA7 this was not the case.

Non-users showed some skepticism regarding the potential of voice

assistants to support them in their everyday life. Only A8 evaluated

this statement positively, A6 and A7 were neutral about it and A1

and A3 rejected it. A6 and A8 indicated that voice assistants could

be a motivation to improve their language, while A7 was neutral

about it and A1 and A3 rejected this statement. A further reason

for not using voice assistants was the lack of knowledge about their

functionality. Only A7 reported this not being a relevant factor. A3,

A6, and A8 showed interest to use voice assistants at home in the

future. The rest of the participants rejected this statement (A1, A7)

or left the question unanswered (A2).

Similar to the users, the assessment of their technology

competence and the frequency with which they asked for help

when using mobile devices such as computer, tablet or smartphone

was highly variable among participants. A1 and A8 reported being

interested in new technologies and being able to handle them

well without the need of asking for help. A3 was neutral about

the interest and indicated a low competence and a need for help.

A6 indicated a high interest in technology, was neutral about her

competence and reported needing help with mobile devices. A7

reported a low interest, was neutral about her competence but

indicated not needing help in dealing with mobile devices. Only A8

reported having physical limitations that make the use of mobile

technologies complicated. All participants except for A1 reported

having someone in their environment that supports them in dealing

with technology. Of all the non-users, only A7 had family or friends

who used voice assistants. However, they had not recommended

using them.

Regarding costs, four participants reported voice assistants

being too expensive for them. It can be inferred that the participants

did not know about or did not consider the possibility of using voice

assistants through devices they already own, e.g., smartphones

and computers. Other reasons, such as the concerns about data

security and the feeling toward the idea of talking to a machine are

rated differently by the participants. A1 and A2 reported having

concerns about data security, whereas A3 and A7 were neutral

about it and A6 rejected having such concerns. A1 and A2 affirmed

finding it weird to talk to a machine, whereas A3, A6, and A7

rejected this statement. Only A8 found the idea of talking to a

machine amusing.

Since it was expected that non-users were not informed about

the functionalities of voice assistants, they were given a list of

functions and were asked to mark the ones that they would like

to use. A total of five participants answered this part of the

questionnaire. Non-users reported willingness to use following

functions: timer (n = 3), reminder (n = 4), call (n = 1), listening

to the radio (n = 3), listening to audio books (n = 2), controlling

TV (n = 1), controlling lights (n = 2), asking for the weather

(n = 2), asking for addresses (n = 3), texting (n = 2), and asking

for jokes (n = 2).

4. Discussion

Research on the use of voice assistants for and by people

with speech and language disorders is a promising research area.

However, the needs and barriers that may hamper the use of

voice assistants by people with different speech and language

impairments should be researched separately. In this study, we

aim to contribute to the knowledge on the potential uses of voice

assistants for people with aphasia. We explored users’ perception

on the interaction with voice assistants and on functions that could

be developed to support this target group, along with expectations

and factors that act as inhibitors in the acquisition and use of

voice assistants, taking the adapted UTAUT2 model (Kessler and

Martin, 2017) as theoretical framework. The rather low number of

participants does not allow for a statistical evaluation, nevertheless,

the data provides insights that can be used as a reference for

future research.
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4.1. Voice assistants as communication aids
and speech therapy tools

Participants were given a list of applications that could

be developed for commercially available voice assistants (such

as Amazon Alexa and Google Assistant) to support them in

their daily life and as complementary tools for speech and

language therapy. We posed the additional question if participants

believed voice assistants could replace speech therapy in order

to identify the attitude toward the idea of voice assistants as

replacement vs. as complement of traditional therapy. Regarding

the suggested applications, we found that some participants

preferred applications for communication support (word-finding,

sentence formation, help with grammar) over applications for use

in therapy sessions, as homework or self-training. It should be

noted though that only two participants had prior experience with

other therapy apps, which leads to the possibility that a rejection of

using the voice assistant as a tool for therapy is related to a lack of

knowledge about the technological possibilities or to a preference

of traditional therapy methods. Additionally, we found that the

participants who were already users of voice assistants evaluated

all the proposed applications positively, while the assessment

of non-users ranked from very positive to very negative. This

suggests a higher expectancy of useful participation opportunities

by users than non-users based on positive experiences with

the technology.

People with aphasia and their relatives saw chances for voice

assistants to support conversation and thereby strengthen their

participative opportunities in several different ways. As pointed

out, some participants see additional therapeutic potential in the

training situation with their voice assistant, for instance to find

the correct words for things they want to address. In addition,

voice assistants may help to train the verbal communicative

competences of people with aphasia in every-day situations at

home. In addition, if further systems can guaranty safe personalized

online conversation voice assistants, this may help to get access

and support the communication in online formats, which has

been shown to be very promising for people with aphasia

who have problems with face-to-face conversation, especially

in group settings (Cruice et al., 2021). In accordance with

Qiu and Abdullah (2021), a positive view on the potentials of

voice assistants was found in the answers of even some people

with aphasia.

Three out of seven participants (A1, A4, and A5) considered the

replacement of speech and language therapy through interaction

with a voice assistant as a possible alternative. Nevertheless, the

results suggest that the reasoning behind this evaluation may vary.

A4 and A5 (both women, 36–50 years old) were users of voice

assistants and evaluated all proposed use cases positively, whereas

A1 (male, 36–50) did not use voice assistants and rejected being

interested in the proposed applications. It should be noted that A1

showed no interest in using voice assistants in the future and did

not own a smartphone, which could be interpreted as a general

cautiousness toward the use of AI-based technology. Therefore,

it is likely that A1 saw the replacement of traditional therapy

through voice assistants as possible, though in a negative way. On

the other hand, the positive experience of A4 and A5 with voice

assistants may have led to a higher trust in the capabilities of voice

assistants, and therefore to the belief that such devices could be

able to replace traditional speech and language therapy. However,

further research is needed in order to obtain a better understanding

of this topic.

4.2. Acceptance factors

4.2.1. Performance expectancy
We found that people with aphasia who already used voice

assistants perceived them as a good support in everyday life, while

people with aphasia without experience with voice assistants had

low expectations in this regard. Users indicated that difficulties

with writing and the possibility of asking for help without feeling

ashamed were a motivation for using voice assistants. From these

results it can be inferred that users see the potential to cover a

need in voice assistants that is not covered by other technological

devices or that cannot be covered by the environment (e.g., to

avoid family members being overloaded). Nevertheless, users see

the voice assistant only partly as a motivation to improve their

language, whereas non-users showed very different opinions. For

that reason, it cannot be concluded that voice assistants represent a

motivational factor.

The fear of not being understood was also rated very differently

among non-users, from fear being an important to being an

irrelevant factor. Unexpectedly, when relatives of people with

aphasia were asked about their own reasons not to use voice

assistants, some of them also reported being afraid of not

being understood (Núñez Macías, 2022). Therefore, it can be

concluded that a negative perception of the accuracy of speech

recognition can negatively influence the acceptance and purchase

of voice assistants, independent from the presence of language

impairments. This fear translates directly to a low performance

expectation, since users cannot benefit from the voice assistant if

the latter does not understand the user’s requests.

In accordance with Beals et al. (2016), the reduction of feelings

of shame about the language disorder were also identified in

the study. One of the participants reported that a motivation

for using voice assistants was the possibility to ask questions

without being perceived as unintelligent. This may also suggest

a high potential of voice assistants as an assistive technology,

since people with aphasia can make use of such system in

spite and not because of the language impairment, which makes

the technology less stigmatizing than other assistive technologies

(Masina et al., 2020).

4.2.2. E�ort expectancy
The participants who were already users of voice assistants

reported different perceptions toward the difficulty of use. One

of them perceived it as easy while the other was neutral about

it. Yet both perceived the voice assistant as a good support in

everyday life. It is therefore possible that users may show a

high acceptance of voice assistants in spite of facing difficulties

with speech recognition, as long as the technology still offers an

advantage over other technologies. In this case, the second user
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reported having difficulties writing, resulting in a greater reliance

on speech-based technology.

A lack of knowledge about the functionality of voice assistants

was often given as a reason for not using them. One of the

participants indicated not using them because it was all “too

new” for her. This lack of knowledge is expected to be related to

the perceived difficulty of use. Following Koon et al. (2020), this

indicates that people should be informed about the existence of

such technologies and accompanied in the process of adoption

and learning.

Questions about the general interest in technology and the

need for assistance in using technology were asked to examine

to what extent the willingness or refusal to use voice assistants

is related to the willingness or refusal to use technology in

general. The assessment of their own technology competence

and the frequency with which they ask for help was highly

variable among participants. It was found that a general interest in

technologies or a high self-assessment of technology affinity usually

went hand in hand with a higher openness to voice assistants.

Nevertheless, one participant reported being highly interested in

new technologies but was not willing to use voice assistants in

the future. The same participant also reported having concerns

about data security and not owning a smartphone. From these

results, it can be interpreted that concerns about data security

play an important role in that decision. This factor will be further

discussed below.

4.2.3. Social influence
Social influence has been found to play an important role in

the adoption of voice assistants. The participants who already used

voice assistants also had family or acquaintances who used them

and who recommended using them. In addition to that, users knew

someone in their environment that was able to provide help in

dealing with technology, while this was not always the case with

non-users. One of the non-users reported knowing people who

used voice assistants, however, they had not recommended the

person with aphasia to do so. Further research is necessary to

explore whether participants purchased the voice assistant by their

own or if it was a gift from someone in their environment and what

impact this has in continuing the use (Koon et al., 2020).

4.2.4. Facilitating conditions
All participants had access to internet and to internet-enabled

devices, yet only two out of eight participants were using voice

assistants at the time of the survey. Since most of the answers

were gathered via an online-survey, we were unable to reach out

to participants who did not have access to such devices, which

would have given us some information about the perceptions of

people with aphasia who either have no access to the internet, do

not feel able to use internet-enabled devices or decided against

using them.

The existence of physical limitations that make it difficult to use

keyboards or touchscreen displays seems to increase openness to

voice-based control and thus to voice assistants, which emphasizes

the potential of voice assistants as an assistive technology. Both

participants who were users of voice assistants reported having

difficulties in dealing with mobile technologies due to physical

limitations. Similarly, one of the non-users reported having such

difficulties and being interested in using voice assistants in the

future. This factor is considered a facilitating condition in this

study because we consider being able to use the voice for

device control a resource that is not available in tap-and-swipe

user interfaces.

4.2.5. Price value
In spite of the possibility of using voice assistants on

several internet-enabled devices, it was found that most non-user

participants considered the price of voice assistants as a reason

for not using them. Nevertheless, we did not gather information

regarding the knowledge about the price of smart speakers. One of

the participants who answered the questionnaire on paper reported

the price not being a factor only after hearing the price range from

the researcher. These results may suggest that not the actual price

but the expectation about the price influenced the decision of the

participants not to acquire a smart speaker.

4.2.6. Habit
The participants who were users of voice assistants reported

using them several times per day for a variety of functions, which

denotes a strong habit. It is also noteworthy mentioning that even

participants who indicated not being interested in using voice

assistants at home in the future selected several functions when

asked which functions they would like to use. In that sense, the

question about the habit is closely linked to the knowledge about

the functionalities of voice assistants.

4.2.7. Data security
We found that there is little consensus on the issue of data

security. Privacy concerns play a very different role among the

individual participants. While for some participants these sort of

concerns are a reason for not using voice assistants, for other

participants these are only partial or non-existent. These results

accentuate the need of creating guidelines for the research of voice

assistants as assistive technologies and the need to evaluate the

prerequisites that should be met when developing such systems.

This applies both to the manufacturers of voice assistants as well

as app developers.

4.2.8. Connectivity
Users of voice assistants reported using at least two providers

through smart speakers and a smartphone. This could indicate that

the compatibility of the voice assistant with the devices they already

own is an important factor for them. However, we did not gather

sufficient information about this factor.

4.2.9. Relationship with the device
We found that experiencing difficulties with speech recognition

lead to feeling frustrated toward the voice assistant. However, as

mentioned in the discussion of effort expectancy above, occasional
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feelings of frustration did not seem to affect the overall acceptance

of a voice assistant when it still covered a need that was not

covered by other devices. Only one participant was enthusiastic

about the idea of talking to a machine, while others found this

to be a strange idea or were neutral about it. Notably, even one

of the participants who were already using voice assistants several

times per day reported feeling weird about it. Additionally, as

described in the discussion about the performance expectancy,

one participant reported that being able to ask questions without

feeling ashamed was a motivation to start using the voice

assistants. This result may suggest that a feeling of familiarity

can be a facilitator for the acquisition and continued use of

voice assistants.

4.3. Limitations and future directions

A limitation of the study is the rather low participation rate,

which does not allow us to draw statistical conclusions. One

reason for this is that we were not able to get in contact with

participants because of the COVID-19 restrictions. Therefore,

we conducted the survey online for the most part. Another

difficulty was that some self-help groups did not forward the

online questionnaire to their members, due to two assumptions:

(1) there would be no interest in the topic of voice assistants

due to members’ age, and (2) participation would not be

helpful for the study, because members were not using voice

assistants, yet. Another possible reason for the low participation

rate is that the questionnaire was overwhelming for people

with aphasia, particularly given that participants were sitting in

front of an internet enabled device without being able to ask

the researchers for help. One of the participants who answered

the questionnaire on paper with the support of one of the

researchers expressed being particularly overwhelmed with a

set of questions that used a Likert scale. In this case, the

participant skipped these questions and continued answering the

questionnaire. We can assume that A2 interrupted the survey

because of difficulties answering the questions (in the online

version of the questionnaire it was not possible to skip questions).

Only one participant contacted the researchers and asked for help

in answering the questionnaire, which was provided through a

telephone call.

The conducted survey is also limited in that it was not possible

to explore the motivation behind the Likert scale evaluations,

such as the concerns regarding data security and privacy or

the statement that voice assistants could replace speech and

language therapy. A deeper analysis of factors that create or

harm trust toward digital assistants is needed in order to

better understand and be able to address the existing concerns.

Additionally, people without access to internet-enabled devices

as well as people who are limited in their use of keyboards due

to physical or visual impairments could not participate in the

study due to the chosen method (online survey). Further research

should therefore consider adapting the surveying method to the

preferences and abilities of the target group (e.g., giving the

participants the opportunity to choose between responding to the

survey online, on paper, or conducting in-person or telephone

interviews). We plan to continue this research addressing the

forementioned limitations as well as extending it to other languages

and cultures.

This study is based on a bigger survey conducted as part of

a Master’s thesis in which not only people with aphasia but also

relatives of people with aphasia participated. The Master’s thesis

also investigated the requirements posed by people with aphasia to

a voice application such as an Amazon Alexa skill that provides

support in searching for words. A prototype skill was developed

and tested in a small usability study with two participants. To

facilitate word finding, the skill asked a set of questions in order

to then suggest a word (limited to items found in kitchens, e.g.,

“kitchen sink,” “water glass,” as well as food items such as “lemon”

or “potato”). It was shown that people with aphasia would prefer

an interaction with a maximum of five to six questions from

the voice assistant. The supported words should cover as many

topics and be as specific as possible, and, optionally, provide visual

support (Núñez Macías, 2022). More research is needed to develop

applications based on the concrete needs and preferences of the

target groups. This should involve a broader number of participants

for iterative testing as well as for the collection of ideas and

concerns. Furthermore, researchers and developers should include

relatives in the development process of voice applications, because

relatives play a crucial role in increasing the participation of people

with aphasia (Schneider et al., 2021).
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