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Examining the Use of Intelligent Conversational Voice-Assistants for Improved 
Mobility Behavior of Older Adults in Smart Cities

Anthony Bokolo Jnra,b 

aDepartment of Applied Data Science, Institute for Energy Technology, Halden, Norway; bDepartment of Computer Science and 
Communication, Østfold University College, Halden, Norway 

ABSTRACT 
Intelligent Conversational Voice-assistants (ICV) can interpret the speech of human and respond back 
using synthesized voices and are increasingly employed for interacting with different applications. ICV 
offers promising tool to address the increasing mobility accessibility challenge faced by older people. 
Yet, irrespective of the increased ageing population, studies that employed ICV to improve the mobil-
ity, walkability, and wayfinding of older people are scarce. This is because the development of ICV in 
the mobility domain presents several designs, technical, and linguistic challenges. A systematic litera-
ture review was adopted grounded on secondary data from the literature and descriptive analysis was 
employed. Grounded on user-centred design perspective based on the “ability-based design frame-
work” and “ISO 9241-110 framework for ergonomics of human-system interaction.” Therefore, this 
study describes the requirement specifications needed to design an ICV suitable for supporting the 
mobility behavior of older people. Findings from this paper identifies the perceived factors that influ-
ences the use of ICV by older people. Additionally, findings from this study discusses how ICV that 
simulates human-like behavior can provide personalized mobility, walkability, and wayfinding guide 
when older people walk in cities. This study provides recommendations for the implementation of a 
user-centred ICV for safe, independent, accessible mobility for older people in urban environment.
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1. Introduction

Older people which refer to ageing population between the 
age of 65 and older, are one of the fastest increasing age 
groups in the society. This increased population of older peo-
ple has exponentially increased in the last decade (Thakur & 
Han, 2018). In 2030 it is estimated that the number of indi-
viduals aged 60 years and above will increase by 34 percent, 
and in the year 2050, almost 2.1 billion people are projected 
to be aged 60 years or above (Arnold et al., 2022; Bokolo, 
2023a). Thus, there is need to provide housing, medical, 
social, mobility, etc. support to older people to improve their 
welfare, wellbeing, and quality of health. As there is need to 
maintain independent living, safety, and social participation 
for the ageing population (Kenyon et al., 2002; Levin et al., 
2012). Similarly, findings from the literature argued that the 
provision of accessible mobility support is one of require-
ments to promote safe and independent mobility of older 
people (Hjorthol, 2013; Krogstad et al., 2015). Accessible 
mobility refers to older people ability to access the services 
essential to meet their mobility needs through facilities and 
activities available within a short distance (Bokolo, 2023a). 
While there is an increasing need to sustain the welfare and 
wellbeing of older people there is also a need for cost effective 

solutions to improve the mobility of the ageing population in 
smart cities. Where smart cities refer to a complex urban sys-
tems where social and human dimensions interact, supported 
by digital technologies aimed to better use natural resources, 
reduce waste, and safeguard the natural environment (Bokolo, 
2023b). In smart cities Digital Technologies (DT) can be 
adopted to support the mobility of older people using hand-
held devices, smartphones, tablets, and computers that show 
information and offers touchscreens/keyboards to input com-
mands or data (Arnold et al., 2022; Musselwhite, 2023).

However, the increasing cognitive, physical, and visual 
impairments common among older people can make interfa-
ces of handheld devices such as mobile phones difficult to 
use (Siren et al., 2015). As a result, an auditory interface is a 
modality of choice for older people without hearing impair-
ments. The use of auditory interface as a preference for pri-
mary mode of communication, can improve accessible use 
of handheld devices among older people (Stigall et al., 
2019). With ageing, older people may experience reduced 
function which may be supported by using digital technolo-
gies. Intrinsically DT such as machine learning, data mining, 
virtual reality, augmented reality, Artificial Intelligence (AI), 
Intelligent Conversational Voice-assistants (ICV), etc. can be 
adopted in smart cities as enablers to support the mobility 
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of older people (Bokolo, 2023a). Therefore, a study that 
investigates the use of ICV by older people is an important 
and timely area given the limited studies that explored “out 
of home” use of ICV (McLean & Osei-Frimpong, 2019), by 
older people. Moreover, the proliferation of DT such as ICV 
can be adopted to improve independent living, and safety of 
the ageing population. Researchers such as Hallewell 
Haslwanter and Fitzpatrick (2017); Pradhan et al. (2020); 
Barros Pena et al. (2021a) called for studies in human com-
puter interaction specifically those interested in older people 
to help fill this gap in knowledge by conducting studies on 
the design of ICV for the ageing population.

The application of ICV can provide personalization to 
various modes of operation, filtering travel information, and 
customization based on user preferences as well as the envir-
onmental awareness (Abdolrahmani et al., 2021; Jnr, 2024). 
ICV can provide support for planning (e.g., booking the 
journey) (Anthony & Petersen, 2020), navigation (e.g., get-
ting comprehensive step-by-step directions), or exploration 
(e.g., querying and receiving information about the sur-
roundings environment and needed Point of Interest (POI) 
for better environmental awareness). Findings from the lit-
erature argued that ICV are significantly influenced by indi-
vidual experience and expectations in using these services 
(Brewer & Piper, 2017; Lazar et al., 2021). This is fundamen-
tal to user intention to use and in general the successful 
adoption of these interface design in complex multimodal 
interfaces where different needs can influence individual 
experience (Shaked, 2017). Thus, there is need to methodic-
ally explore the main requirement specifications to be con-
sidered in designing ICV for older people to create a 
multimodal holistic mobility experience that meets ageing 
populations needs and expectations. Therefore, this study 
will examine the following research questions:

� Which perceived mobility related factors influence the 
use of ICV by older people in cities?

� What are the requirement specifications to be considered 
in designing ICV suitable to support the mobility of 
older people?

� How can the use of ICV improve mobility behavior of 
older people when they walk in cities?

Accordingly, this study contributes to the body of know-
ledge by investigating key mobility related factors such as 
privacy, data, accountability, decision making, error recovery, 
ease of use, appearance, decision-making and personality, 
guidance, etc. that influences older people use of ICV in smart 
cities. Moreover, a user-centred design is proposed grounded 
on the ability-based design framework and ISO 9241-110 
ergonomics of human-system interaction to identify the 
requirement specifications (e.g., see Table 2), needed to design 
an ICV that can support the mobility, walkability, and way-
finding of older people. The ability-based design framework 
was proposed by Wobbrock et al. (2011) as an answer to the 
challenges faced in creating accessible technology mostly in 
human-computer interaction research domain. Whereas the 
ISO 9241-110 ergonomics of human-system interaction is 

concerned with dialogue principles associated with the ergo-
nomic design of conversation between users and interactive 
system (ISO, 2020). Further, this paper provides implication 
on how ICV can provide personalized mobility, walkability, 
and wayfinding guide through an auditory interface when 
older people walk in cities. Further implications from this 
study discusses how the ability-based design framework and 
ISO 9241-110 ergonomics of human-system interaction can 
support the mobility accessibility, safety, and independence 
of older people. This study is more align to walkability of 
older people due to mobility impairment faced by these 
demographics, but does not examine different type of hur-
dles, for example older people finding the place to sit, using 
the public escalators, taking buses and metro etc. as this has 
previously been explored widely in the literature (Bokolo, 
2023a; Sato et al., 2017; Sobnath et al., 2020). The rest of 
this article is organized as follows. Section 2 introduces the 
theoretical background. Section 3 introduces the method-
ology employed in this study and Section 4 presents the 
findings. Section 5 provides discussion and implications. 
Section 6 is the conclusion.

2. Theoretical background

2.1. Overview of intelligent conversational voice- 
assistants

In the “world population prospects” report by the United 
Nations it was reported that 9 percent of the world popula-
tion is above 65 years old, and this fraction will reach 16 
percent in 30 years. The older population than 65 is even 
growing faster, and it is projected to reach 450 million by 
the year 2050 (Bokolo, 2023a; de Arriba-P�erez et al., 2023). 
In smart cities digital technologies such as Artificial 
Intelligence (AI) has become an important research area in 
the society over the years, particularly given the develop-
ment of machine learning (Hoy, 2018). Similarly, advances 
in machine learning, specifically in neural networks, have 
enabled voice-based innovations to assist older people in their 
day-to-day routines, and promote their welfare and wellbeing 
towards personalized healthier lifestyle (Ermolina & Tiberius, 
2021). The use of ICV on web and handheld devices offers 
older people with the opportunity to interact with AI based 
machine learning in a meaningful and useful form. Machine 
learning involves using statistical models and algorithms to 
execute tasks and suggest predictions without being pro-
grammed or following pre-defined instructions to perform 
the explicit task, possess the ability to learn individual prefer-
ences and the areas the individual is interested in Arnold 
et al. (2022). ICV refer to AI software for carrying out con-
versational user interfaces or auditory interfaces, which can 
recognize and understand human speech, execute services 
and tasks based on input queries, as well as reply via synthe-
sized voices. ICV can be integrated into a different web, 
mobile, and wearable physical devices (Chen et al., 2021).

ICV present new possibilities for ease of use as compared 
to conventional computers and touchscreen mobile devices 
(Barros Pena et al., 2021a; Brewer et al., 2023; Pradhan 
et al., 2020). As such it is estimated that by the year 2024, 
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the number of ICV in use globally is anticipated to reach 
8.4 billion devices, doubling the 4.2 billion devices owned 
within 2020. Furthermore, the international voice recogni-
tion market is predicted to double by 2025. The use of ICV 
is expected to be widely in use in individual’s everyday lives, 
including healthcare and home settings (Arnold et al., 2022; 
Jnr, 2024). ICV often provide medium to interact with the 
physical device, such as, through the use of a mobile/web 
application, tactile buttons on the device itself and most 
deployed via auditory interface (Hoy, 2018; McLean & Osei- 
Frimpong, 2019).

2.2. Categorization of intelligent conversational voice- 
assistants

According to Arnold et al. (2022) highlighted that ICV can 
be categorized into two main categories namely, “embodied 
conversational agents” and “disembodied conversational 
agents.” Figure 1 depicts the different categories of ICV as 
described in the literature.

The embodied conversational agents use graphical inter-
phases, typically termed as an “avatar” or a “body” which 
possess the capability to engage in dialogue via speech or 
text using non-verbal communication, such as gestures and 
facial expressions with its users (Martin-Hammond et al., 
2018). Embodied conversational agents engage in human- 
like conversations with their users by they recognize verbal 
and non-verbal input and relays information using verbal 
and non-verbal output (such as facial expressions, inton-
ation, gaze, hand gestures, head movements, etc.). Due to 
these features, embodied conversational agents provide nat-
ural conversational auditory interface, in comparison with 
conventional graphical user interfaces. Embodied conversa-
tional agents are specifically useful for building engaging 
and intuitive systems, for individuals faced with age-related 
or associated cognitive impairments (Lazar et al., 2021; 
Petrie, 2023; Tsiourti et al., 2016a). Embodied conversational 
agents can make computers interactions significantly better 
for older people who face difficulties experience when they 

use the Graphical User Interface (GUI) of smartphones and 
computers (Petrie, 2023).

Conversely, the disembodied conversational agents com-
municate with individuals by using only text or a verbal/ 
voice interface. Disembodied conversational agents are 
dialogue-based applications which includes personal voice- 
assistants which are also called virtual assistants or personal 
assistants. Examples of disembodied conversational agents 
include Microsoft’s Cortana, Google Assistant, Amazon 
Alexa, Apple Siri, etc. which interacts with humans merely 
via speech recognition and synthesis employing uncon-
strained natural language input (Arnold et al., 2022; Martin- 
Hammond et al., 2019). Likewise, academics such as Chen 
et al. (2021) asserted that the embodiment of ICV in phys-
ical devices can be “user attached usually handheld” or “wrist 
worn by individuals” (for example the Siri assistant on 
iWatch and iPhone), or “individual detached standalone” 
which is usually associated to an “explicit environment” (for 
example smart lighting, smart speakers, and smart applian-
ces with conversational functionality). These ICV including 
Apple’s Siri, Microsoft’s Cortana, Google’s Google Assistant, 
and Amazon’s Echo have all contributed to the changing 
way in which the society search for information, purchase 
products, complete tasks, uses content, etc. ICV uses 
machine learning and Natural Language Processing (NLP) 
to understand and interpret the language of users and proc-
esses response in real time (Hoy, 2018).

Disembodied conversational agents run on purpose 
within built speaker devices or handheld devices. The appli-
cation continually listens for a specified key word to activate 
or wake it up. Once the system hears that key word, it 
records the individual’s voice and then sends it to a dedi-
cated server, which processes and analyzes it as a command. 
Depending on the command sent by the user, the dedicated 
server will supply the ICV with appropriate data to be read 
back to the individual by playing the as information back to 
the user (Hoy, 2018). ICV differ from prior voice-activated 
technologies such that they can considerably respond to sev-
eral commands and questions as the systems are supported 

Figure 1. Categorization of intelligent conversational voice-assistants.
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by natural language processing known as computational lin-
guistics, which helps to create meaningful replies quickly. 
Natural language processing reduces the user dissatisfaction 
of prior voice recognition systems, which needed definite 
phrases and patterns to effectively work. ICV can parse 
requested phrase into different ways and translate what the 
individual is most likely to need (Ermolina & Tiberius, 
2021; Hoy, 2018).

ICV are mainly aimed at providing older people with bet-
ter communication with a system, providing personalized 
recommendations and highlighting the presentation of cer-
tain information (Shaked, 2017; Valtolina & Hu, 2021). ICV 
can provide older people with information, assist with man-
aging connected devices via voice commands, and offers 
personal support for making appointments, handling calen-
dars, providing wake-up calls or reminders, and more 
(Arnold et al., 2022; Petrie et al., 2018). ICV differs from 
the standard interfaces in that they are anticipated to change 
their actions and behavior autonomously through the state 
of the system and the individuals’ actions based on the pro-
gression of the interaction between the user and the system 
(Barros & Seabra, 2020). Using voice or auditory interface as 
an interaction mode should help address the GUI based 
challenges faced by the older population (Martin-Hammond 
et al., 2019). Also, factors that impacts the designs of these 
ICV and how these might affect older adults’ uses is pre-
sented in Table 2 and also Figure 9 identifies the require-
ment specifications that could be useful for the older adults 
when designing ICV.

Furthermore, prior studies in the literature have generally 
investigated ageing and technology. Among these studies 
Brewer et al. (2023) studied on how to achieve an equitable 
and fair speech technologies developed for older black 
adults. Furthermore, Petrie (2023) discussed that digital 
technologies for older people is failing to address the lack of 
consideration and stereotypical views about older people 
and the tendency of academics to consider older people as a 
homogeneous group. Chen et al. (2023) carried out a real- 
world use of voice assistants with older adults residing inde-
pendently to investigate how a built-in touchscreen may 
support older adults. Findings from the study suggested that 
identified different design suggestions that can support 
future senior-friendly voice assistants for improving quality 
of life and managing healthcare. Barros Pena et al. (2021a) 
researched on the significant perspectives of older adults 
and the value dissonances they encounter in designing 
future digital technologies. Similarly, Barros Pena et al. 
(2021b) focused to explore older people experiences of 
financial technology usage and investigated the role technol-
ogy played in decreasing the impact of mental health on 
older people economic circumstances.

Fitzpatrick (2021) examined the social-emotional skills 
required by people to practically engage with future digital 
issues for capable technical design work. A recent study by 
Lazar et al. (2021) introduced an approach that examines 
difference to produce new empirical understandings cen-
tered on older adults. Trajkova and Martin-Hammond 
(2020) explored why older adults may utilize or not use ICV 

in their homes based on a focus groups. Evidence of the 
study contributed towards achieving a better perception of 
plausible reasons why older adults do not engage with ICV 
and how ICV may better support independent living and 
aging in the future. In addition, Martin-Hammond et al. 
(2019) explored older adults’ beliefs about the use of intelli-
gent assistants for consumer health information manage-
ment. Lazar et al. (2018) researched telehealth home care as 
a companionship technology that can support aging in place 
and further provided suggestions for the design of avatar- 
based distant companionship. Martin-Hammond et al. 
(2018) explored how to involve older adults in the participa-
tory design of smart tools for intelligent health search. 
Petrie et al. (2018) provided a synopsis of the descriptions 
and roles of technologies and also provided a guide for 
researchers working on technologies developed for aid older 
people. Brewer and Piper (2017) highlighted the importance 
of human voice for accessible social platforms towards com-
munity participation by discussing the design for age and 
disability. Hallewell Haslwanter and Fitzpatrick (2017) inves-
tigated the development of assistive systems for older people 
and father identified the challenges that affect successful 
practice. Another study by Loup et al. (2017) investigated 
older adults’ perception with regards to technology by 
underlying the socioemotional impacts of technology 
throughout the ageing process.

As ICV are still a new technology and the use of this 
technology by the ageing population is still in an investiga-
tive phase, with the goal of understanding perceived factors 
that influences their uptake and further examine require-
ment specifications needed for successful implementation 
(Arnold et al., 2022). Although, it was highlighted that other 
problems may arise, such as older people knowing how and 
what to say to ICV (Bokolo, 2023a; Sayago et al., 2019). 
There are fewer studies that examined the requirement spec-
ifications to be considered in ICV suitable for older people. 
Lastly, research that investigated how ICV can improve the 
mobility, walkability, and wayfinding when older people 
walk in cities is needed.

3. Methodology

A systematic literature review was adopted in this study to 
identify relevant sources as recommended in the literature 
Kitchenham and Charters (2007); Denyer and Tranfield 
(2009), towards selecting the relevant sources to be included 
in this study. A systematic literature review procedure aims 
to provide transparency, heuristic, inclusivity, and explana-
tory to a study area. By transparency the review study 
should be explicit and open about the procedures and 
approaches employed by using review protocol (the 
Preferred Reporting Items for Systematic Reviews and Meta- 
Analysis (PRISMA)), as seen in Figure 2. Additionally, a sys-
tematic literature review should be conveyed in such a way, 
that there are evident links between the findings and the 
drawn conclusions (Arnold et al., 2022; Elbert et al., 2020). 
For inclusivity the selected sources included in the study for 
inclusion should be explicitly stated, whereas the explanatory 
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phase helps to describe secondary data synthesis and extrac-
tion from relevant literature. This involves the systematic 
presentation of the selected sources and the analysis of their 
impact to overall study area in focus. Also, the heuristic 
ensures that recommendations for action are derived from 
the findings (Elbert et al., 2020).

Overall, these aforementioned four procedures are trans-
lated to the following five primary phase for carrying out a 
systematic literature review which includes formulation of 
research questions, form search query strings and the execu-
tion of the search, study selection and evaluation, analysis 
and synthesis of the selected sources, and reporting and 
using the results. The first phase involves specification of 
possible research questions to be investigated in the study. 
In this study the research questions are formulated as seen 
in the introduction section of this article. Next, in the 
second phase query strings as keywords are derived to sup-
port searching of potential sources that will provide second-
ary data to address the research questions. Accordingly, in 
this study different query strings from the title, keywords, 
and abstract were carried out with Scopus and Web of 
Science online database. Scopus and Web of Science online 
database was selected in this study as they are one of the 
largest international peer-reviewed databases for technology, 
science, management, engineering, etc. and they cover most 
relevant or high-quality peer-reviewed journals, conference 

proceedings, and books/book chapters for the research topic 
being investigated in this study as seen in reference section 
of this paper. Accordingly, the following search queries were 
applied based on the title, keyword, and abstract.

� ("voice-assistants " OR "voice agents" OR " virtual assis-
tants") AND (outdoor mobility� OR walkability OR way-
finding) AND (safety OR independence OR accessibility) 
AND (older people OR older adults OR elderly)

� “digital voice-assistants” AND walking conditions � AND 
(senior citizens OR ageing population�)

� “intelligent personal assistants” AND chatbot companion 
� AND (out-of-home activities OR public transportation�)

� “conversational dialogue systems” AND voice user inter-
faces� AND (virtual assistive companion OR enhance 
mobility �)

For study selection and evaluation, which involves specify-
ing explicit inclusion and exclusion criteria to help in identi-
fying studies that rare related to the current state of research 
on the design of intelligent conversational voice-assistants for 
older people in general. The explicit inclusion and exclusion 
criteria considered in the study is showed below.

� This study included sources published between 2000 and 
2024 and written in English language.

Figure 2. Overview of the search process for the identified of sources.
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� Also, peer reviewed journal articles, conference proceed-
ings, policy reports, and book/book chapters are 
included.

� Sources that provide possible discussion and implications 
to research questions based on title and abstract content 
are included.

� Sources that employed either quantitative, qualitative, 
modelling, and experimental studies are included.

� The included sources are either indexed in Scopus or 
Web of Science online database to ensure that only with 
high-quality and relevant sources are included.

� Sources that are not written in English language, or not 
related to the study area, and does not provide clear 
objectives and well-defined research methodology are 
excluded.

Figure 2 illustrates the study selection process carried out 
for the selected sources conducted based on the Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis 
(PRISMA) as employed by prior review studies (Anthony 
Jnr, 2023; Elbert et al., 2020).

In the early stage of the search process, 131 potential 
sources were retrieved from the online databases as seen in 
Figure 2 using the above-mentioned keywords. 7 articles 
were found as duplicates and were removed. Hence, the 
total number of remaining articles becomes 124 which titles 
and abstract were screened to be in line with the study area 
ICV for older people or older adults. Then 30 sources were 
removed as the titles and abstract were not fully aligned to 
the study area resulting to 94 sources which is passed for 
the full-text assessment. In this phase, the corresponding 
author read all the sources and checked that their contents 
are related to the research question in the first phase. At the 
point no sources were removed. Then the 94 sources were 
assessed against the inclusion and exclusion criteria. 
Therefore, 46 sources were excluded as these sources did 
not meet the inclusion criteria. This resulted to 48 sources. 
After which 20 sources were added to provide evidence on 
mobility, ageing, and technology via snowballing technique 

to guide the review process resulting to a total of 68 sources 
as seen in Figure 2 and the reference section of this article. 
Next, the study proceeds to analysis, extract, and synthesis 
of secondary data (i.e., evidence collected from prior stud-
ies), from the selected literature using data thematization to 
cluster the collected data related to the research questions 
being examined. Next, the collected data was reported using 
descriptive analysis as suggested in the literature (Arnold 
et al., 2022; Elbert et al., 2020), as seen in the subsequent 
sections.

4. Findings

4.1. Descriptive analysis of secondary data

In the following, a descriptive analysis of the sources is con-
ducted with focus on the distribution of sources, year of 
publication, country of the publishing research institution, 
methodology employed, and examined research domain 
related to use of ICV by older people. Findings from this 
study based on the selected 68 sources, 44% (N¼ 30) are 
journal articles, 46% (N¼ 31) are conference proceedings, 
7% (N¼ 5) are book/book chapters, and lastly 3% (N¼ 2) 
are technical policy reports. The list of the selected sourced 
included can be found in the reference list of this article.

Findings from Figure 3 suggest that majority of the 
included sources was published in 2021 with N¼ 14, fol-
lowed by 2020 with N¼ 11. In 2019 and 2018 N¼ 7 sources 
were published related to older people use of ICV in differ-
ent areas respectively. 2023 recorded N¼ 7 sources. 2017 
had N¼ 5 sources and 2022 had N¼ 4 sources, whereas 
2016 and 2015 both had N¼ 2 sources. Finally, 2024, 2013, 
2012, 2011, 2009, 2007, and 2002 had only N¼ 1 included. 
This finding suggest that only fewer studies have been pub-
lished in this important area and this necessitates more 
research related to the mobility, welfare, wellbeing, and 
health of older people.

Figure 4 indicates that in analyzing the 68 sources, most 
of the sources included in this article adopted literature 

Figure 3. Distribution of selected sources years distribution.
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review as method in their research with 24 sources, followed 
by interview with 14 sources and questionnaire with 7 sour-
ces. Findings from Figure 4 also depicts other method 
employed such as experiment, focus groups, case study, and 
questionnaire and interview. The other remaining sources 
employed survey, participatory observation, and workshop, 
and interviews, daily diary entries and usage logs as seen in 
Figure 4. Lastly a few authors employed survey and inter-
view, workshops, workshop and interactive poster, and 
workshops and interviews This finding indicates that the use 
of ICV in older adults across different areas is still a 

promising topic as such there is need for more research- 
based studies.

Figure 5 shows that a total of 23 countries of the authors 
based on their publish affiliation. The results suggest that 
most contributors to the study area in use of intelligent con-
versational voice-assistants by older adults across different 
areas are mostly in United States of America (USA) with 20 
studies and United Kingdom (UK) with 13 studies. This is 
followed by Norway with 9 studies and Germany each with 
6 studies included and as compared to other regions as seen 
in Figure 5. Austria was recorded with 5 sources, Sweden, 

Figure 4. Distribution of employed methodology.

Figure 5. Distribution of country of selected sources.
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and Australia with 3 sources. The other countries reported 2 
and 1 sources as seen in Figure 5.

Furthermore, out of the 68 sources included in this study 
Figure 6 summarizes the context of the study examined in 
the selected studies. The result suggests that most of the 
study explored technology and ageing, chatbot companion, 
intelligent voice assistants, voice-assistants, older people, and 
transport needs in old age. Also, Figure 6 suggest that most 
studies explored voice-controlled personal assistants, mobil-
ity of the visually impaired, and digital voice-assistants 
mostly employed to support the health and welfare of older 

people. However, only fewer studies have examined how to 
use intelligent conversational voice-assistants for safe, inde-
pendent, accessible mobility for older people in urban envir-
onment especially for older people with associated 
disabilities.

Figure 7 summarizes the disciplines across which the 68 
sources included in this study are published. Findings sug-
gest that the disciple of HCI is mostly published with ¼21 
sources, then urban mobility with ¼7 sources, and then ger-
ontology, health information management, human factors in 
computing systems, intelligent technologies and systems, 

Figure 6. Distribution of explored context in selected sources.

Figure 7. Distribution of disciple explored in selected sources.
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smart cities, smart sustainable cities, and transport technolo-
gies with ¼7 sources respectively. As seen in Figure 7 other 
disciples are also captured as related to intelligent conversa-
tional voice-assistants for older people mobility.

4.2. Intelligent conversational voice-assistants for older 
people

In smart cities there is need to design innovative solutions 
to enhance the living conditions of older people, specifically 
those who live alone (de Arriba-P�erez et al., 2023). AI based 
ICV can engage in complex dialog with individuals to exe-
cute multiple end user requests (McLean & Osei-Frimpong, 
2019). ICV employ natural language processing that enable 
older people to communicate this technology is predomin-
antly attractive to the ageing population especially those 
who usually struggle to use touch-based interaction or 
Graphical User Interface (GUI) methods. ICV have become 
ever more useful in the current digital environment, with 
digital technologies like Siri providing mobile services or 
Amazon Alexa offering personal home assistants (Valtolina 
& Hu, 2021). A unique characteristic of ICV is that they 
provide an eyes/hands free mode of interaction, making 
these technologies appropriate for non-visual access across 
different contexts by diverse users, including older people 
especially for those with disabilities. This is because the 
non-visual form of communication presents an opportunity 
for older people who are blind and visually impaired to 
have equal and equitable access to often otherwise inad-
equately accessible, or completely inaccessible, interfaces or 
services (Abdolrahmani et al., 2021).

ICV have several benefits in improving the quality of life 
experienced by older people. First, these voice-assistants pro-
viding social support and reduces loneliness of older people 
due to their capability of being able to converse with the 
individual and even engaging the individual in some kind of 
activity through playing music, games, or even reading out 
the latest weather and news (Loup et al., 2017). First, ICV 
offer technology access for the ageing population who do 
not use conventional computing devices. Usability challenges 
caused by small buttons or font are eliminated, which is par-
ticularly useful for older people with limited sensory, motor, 
or cognitive functions. It is useful or older people with dis-
abilities like impaired hand movement or limited vision and 
can support older people with intellectual disabilities to bet-
ter manage different aspects of their daily lives (Hallewell 
Haslwanter & Fitzpatrick, 2017). Additionally, it can be 
beneficial to assist with daily wellbeing activities such as 
dietary planning, medication management, or health track-
ing contributing to support independent living (Schlomann 
et al., 2021). Recent research has revealed that ICV can be 
beneficial to older people with dementia by providing a sys-
tem that can answer the same questions repeatedly. For the 
ageing population, reading instructions provided by phys-
ician can be difficult as such ICV could also read, prescrip-
tion, list, and documents to users (Hoy, 2018).

Although, the adoption ICV are currently gaining prom-
inence in the Human Computer Interaction (HCI) 

community. Prior research on ICV has mostly not examined 
the growing segment of older people (aged 65þ) (Sayago 
et al., 2019). Thus, research in HCI is starting to explore 
how individuals interact with, perceive, and integrate ICV 
into their everyday lives. Notably, fewer of these studies 
have focused on older people. As research in this area is still 
at an early phase. ICV enable older people to communicate 
commands to a computer device such as a mobile phone via 
speech rather than typing. As such ICV have been integrated 
with smart physical devices and personal computers over 
the years due to its practicality (Wahsheh & Steffy, 2020). 
Furthermore, ICV can be employed to provide cost-effective 
solution to assist older people in various ways for example 
as a reminder system, by managing loneliness by instilling 
positive moods, providing social support, and as a means of 
communication (Ermolina & Tiberius, 2021).

Older people need assistance with management of their 
day-to-day mobility, to be aligned with their daily and social 
activities. Accordingly, the use of ICV can pave the way for 
the provision of safe, independent, and accessible mobility 
for older people especially for older people with disabilities 
(physical, on wheelchair or with legal blindness/vision 
impairment, sensory, and learning impairment) (Fitzpatrick, 
2021). ICV interacts with older people using a multimodal 
interface which includes a graphical touch-based user inter-
face, text-to-speech, and automatic speech recognition (de 
Arriba-P�erez et al., 2023). It can provide navigation support 
to older people by locating signs and symbols, offering guid-
ance and reminders. It also provides connection to emer-
gency support centers in case of falls or injuries faced when 
older people walk across and within cities. ICV is able to 
remember routes, direction, and connect remotely with pub-
lic transportation modes, family, care givers, and emergency 
service centers. Over the decade some studies have been 
dedicated to exploring the design and use of digital technol-
ogies such as ICV to improve the welfare and wellbeing of 
older people in different domains. The reviewed 20 studies 
presented in Table 1 presents research that have been done 
as related to older people use of ICV in general.

Table 1 depicts how current studies, despite being in 
other contexts have inform ICVs for mobility. Table 1 also 
show the gap in knowledge similar to prior studies (Arnold 
et al., 2022; Elbert et al., 2020), as related to the domain of 
older people mobility, walkability, and wayfinding which has 
not been well addressed in the literature. As shown in Table 
1 some studies have been dedicated to examining the design 
and use of ICV by older people across different domains. 
However, there are fewer studies that focused on investigating 
how to ICV can be used to improve the mobility and walk-
ability needs of older people to improve their safety, independ-
ence, and maintain long-term accessibility.

However, a recent study by Jnr (2024) presented a user 
centered AI based approach for voice assistants to promote 
a safer mobility targeted for older people in municipalities. 
Likewise, the majority of existing studies are based on 
touchscreen-based devices accessed through input and 
Graphical User Interface (GUI) based output (Chen et al., 
2021, 2023; Trajkova & Martin-Hammond, 2020; Valtolina 
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& Hu, 2021). The use of ICV to provide safer and more inde-
pendent mobility, walkability, and wayfinding for older people 
to support user centred sustainable mobility still remain 
untouched in the literature.

Therefore, there is need to use ICV to provide text-to- 
speech and speech-to-text based application developed to 
support older people through a multimodal auditory inter-
face that employs automatic speech recognition to support 
independent mobility and safe walkability and wayfinding. 
Accordingly, the focus of this study is to explore how to 
design an ICV that support safe, independent, and accessible 
mobility for older people in urban environment. ICV is pro-
posed in this study to provide accessible, on-demand mobil-
ity, real time walkability, and wayfinding information to 
older adults using voice commands. ICV can provide voice, 
and verbosity as replies or offer non-speech auditory notifi-
cations of information (referred to as earcons), or vibration 
feedback. The provision of navigation preferences that allow 
older people to adapt their mobility needs such as the rout-
ing that provides elevator directions as compared to climb-
ing up the stairs, confirmation if individuals are on the right 
route to their planned destination or if they are headed off 
track either verbally or through vibrations.

4.3. Intelligent conversational voice-assistants for 
improved mobility behavior

4.3.1. Provision of safe, independent, and accessible 
mobility
Currently public transportation systems are so far less 
accessible (refers to the inadequate ease with which older 
people cannot get access to different mobility services when 
needed), nor inclusive (provision of mobility services tail-
ored fit for all), for the aging population with varying 
mobility needs and capacities. Thus, there is need to 
improve mobility inclusion (provision of new or enabling of 
available mobility services), to achieve inclusive and safe 
age-friendly mobility (Bokolo, 2023a). Digital technologies 
may provide resources to develop personalized tools to sup-
port healthy and active ageing. These resources may include 
conversational voice-assistants, as a promising solution to 
minimize the increasing mobility and walkability challenges 
faced by older people (Tsiourti et al., 2016b). ICV can help 
older people when they leave bus/train stop/station and 
when they need support access for transportation services to 
help arrange public transportation. ICV can help older peo-
ple with is memory reduction and cognitive impairment by 
promptly asking the user if she/he requires help to remem-
ber a journey and can helps her/him to confirm the journey 
itinerary or timetable (Valtolina & Hu, 2021). Findings from 
a focus group sessions stated that ICV could provide travel 
assistant by providing a selection from available and access-
ible transportation options (Brewer & Piper, 2017), offer dir-
ection in different zones and locate the car/driver in 
different areas (Abdolrahmani et al., 2021).

By utilizing ICV individuals can send query via travel 
assistant agents, or they can be notified of different multi-
modal mobility options with different journey duration and Ta
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cost-effective choice they could select from. ICV can assist 
in booking the mobility service, boarding, and by specifying 
when the users can get off the public transport as it notifies 
the user of other connecting public transportation. It could 
offer them general directions or, when leaving an unfamiliar 
bus stop or station, it could provide step-by-step directions 
to a desired location (Abdolrahmani et al., 2021). In sum-
mary ICV provides information on getting mobility options, 
choosing from the available options, provision of ride ser-
vice information, real-time update of the mobility service 
status, direction towards the public transportation zone, and 
locating of the public vehicle (Anthony Jnr et al., 2020; 
Bokolo et al., 2022). Since the tool is to be employed by 
older people the design of ICV application needs to be 
adaptable and customizable to the personal preferences of 
an older user (Brewer et al., 2023). These involved providing 
customizing to various modes of operation, filtering the 
travel information provided, and customization based on 
personal user preferences as well as the environmental 
awareness for independent mobility and safe navigation 
(Abdolrahmani et al., 2021).

4.3.2. Support of safe, independent, and accessible, walk-
ability and wayfinding
ICV can help to improve walkability by providing solutions 
such as audible and haptic vibrotactile/feedback indicators 
based augmented systems for older pedestrians, which would 
provide wayfinding information about their location 
(Sobnath et al., 2020) for movement and orientation. ICV 
can promote independent navigation for older people mostly 
those with legal blindness/vision impairment has been of 
great interest and prominence to mobility accessibility. 
Older people with legal blindness/vision impairment uses 
technological assistive devices for improving mobility safety 
such as such as robotic aids, electronic white canes, GPS for 
accessibility, or navigation tools from talking maps and on- 
trip information, as well as supported tools for virtual reality 
(Lazar et al., 2018; Zimmermann-Janschitz et al., 2017). 
Several technologies have been proposed both in research 
and through the industries to improve navigation and multi-
modal functionalities in urban environment.

Examples of commercially developed outdoor navigation 
platforms developed for people with vision impairments incu-
des NearbyExplorer (tech.aph.org/neandroid/), BlindSquare 
(blindsquare.com/), ariadneGPS (ariadnegps.eu/en/), etc. 
Similarly, there have been efforts devoted to improving the 
accuracy of turn-by-turn wayfinding within last-few-meters 
near the defined destination, the deployment of interactive 
maps, and techniques to improve the communication 
between individuals and wayfinding/navigation device or 
sighted/human guide. Another successfully developed 
research-based indoor navigation tool is the “NavCog3” 
which is a turn-by-turn navigation application that identifies 
points of interest (POI) along the route integrated with a dis-
embodied conversational agent (Sato et al., 2017). Over the 
years much developmental iterations on NavCog3 have 
helped to evaluate navigation accuracy and feedback on land-
mark, the inclusion of virtual navigation and addition of 

touch gestures and fixing of errors that results from difficulty 
faced by users in following rotational directions. Examples 
include NavCog3 (Sato et al., 2017), Google Maps, Waze, etc., 
which provide users with options to use tactile and voice 
commands.

However, we have not been able to locate work that 
examines how a voice assistant that works in tandem with 
navigation, itinerary, and other applications can adopt 
multimodal input and output functionality to enhance inter-
action (Abdolrahmani et al., 2021; Lazar et al., 2021), of 
older people in smart cities environment. Figure 8 depicts 
the main functionalities for ICV towards improving the 
mobility, walkability, and wayfinding of older people. 
Findings from the literature mentioned that individuals were 
interested in using ICV that is operated in several modes, 
providing travel information to the user based on mobility, 
walkability, and wayfinding. These involved the support for 
planning (e.g., booking the journey) (Anthony & Petersen, 
2020), navigation (e.g., getting comprehensive step-by-step 
directions), or exploration (e.g., querying and receiving 
information about the surroundings environment and 
needed Point of Interest (POI) for better environmental 
awareness).

Another set of features advised in the study by 
Abdolrahmani et al. (2021) comprised adjusting the settings 
of ICV in relation to the interaction with the system itself 
by customization of name and settings of speech output 
such as speed, voice, and verbosity of the replies and non- 
speech auditory notifications of information (referred to as 
earcons), or vibration feedback. ICV can provide navigation 
preferences that allow older people to adapt their mobility 
needs such as the routing that provides elevator directions 
as compared to climbing up the stairs, confirmation if indi-
viduals are on the right route to their planned destination 
or if they are headed off track either verbally or through 
vibrations (Abdolrahmani et al., 2021).

4.4. Factors that impact use of intelligent 
conversational voice-assistants

Findings from the literature stated that ICV are now being 
adopted for example Amazon Alexa is reported as the most 
widely used voice-assistant by older people for searching for 
information, setting up reminders, and checking weather 
condition (Arnold et al., 2022). Thus, ICV are designed to 
be more human-like and intended to be an important part 
of older people’s everyday life, assisting with daily life chores 
such as setting alarms, turning lights off and on, task sched-
uling, providing personalized news information, managing 
online purchasing, and checking order status, etc. (McLean 
& Osei-Frimpong, 2019). The technology readiness level in 
ICV is high, although the evidence level is low as there are 
fewer studies that have been carried out to examine the 
adoption of this technology by older people (Arnold et al., 
2022; Barros Pena et al., 2021a; Bokolo, 2023b). Hence, stud-
ies that investigate if the use of personal voice-assistants can 
support older people’ mobility, walkability, and wayfinding 
is still unknown. Despite the proliferation and adoption of 
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ICV, there is little studies that have explored what factors 
influences older people use of this digital technology (McLean 
& Osei-Frimpong, 2019). Some factors have been identified 
as guidelines to be considers enhancing the design and 
development of ICV for older people as discussed in 
Table 2.

Table 2 summarizes the factors as guidelines that impact 
use of ICV to supports older people. ICV require an exten-
sive set of software permissions to implement their pre- 
defined tasks (McLean & Osei-Frimpong, 2019). There is 
also potential intrusion to user privacy as ICV when 
deployed in devices are always connected to users’ device 
microphone which are connected to the Internet (Ho, 2018; 
Schlomann et al., 2021), which may result to privacy con-
cerns related to the use, disclosure, and protection of per-
sonal data (Ermolina & Tiberius, 2021). Besides, when 
machine learning is deployed to improve the performance 
ICV, data are required to be trained the machine learning 
models. At present, given that users personal data may be 
shared by a company with other using third-party firms 
who listen to individual’s audio recordings to enhance the 
quality of ICV towards improve mobility related service 

(Ermolina & Tiberius, 2021). Additionally, most mobility 
enterprises, municipalities, and institutions are hesitant to 
adopt ICV, mainly due to legal compliance and GDPR con-
cerns as these data are collected from individuals. For older 
people who do not frequently use the internet or are new to 
using the internet-based devices there may be issues 
(Pradhan et al., 2020), due to fact that they will lack credible 
judgement skills and will also experience setbacks in gaining 
access to mobility and walkability information using ICV. 
Another issue is related to the fact that the interaction with 
ICV with humans are often observed to follow a pre-defined 
form of dialogue which limits the auditory abilities of ICV.

Findings from prior studies showed that older people 
faced distress with the structured dialog nature of ICV. As 
users expressed feelings that dialogues with ICV are one 
sided as they are faced with timeouts when giving input or 
entering unintended words (Hoy, 2018). Further findings 
from Pradhan et al. (2020) suggested that older people 
remembering certain keywords needed to invoke ICV or to 
navigate within the application to achieve specific goals is a 
challenge in using this type of application. Similarly, older 
people often have difficulties remembering the specific 

Figure 8. Intelligent conversational voice-assistants for improved mobility behavior.
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auditory commands needed to operate command the use of 
ICV (Pradhan et al., 2020; Schlomann et al., 2021). Other 
technical challenges identified in the literature ranges from 
voice recognition problems associated with the device 
“timing out” or delay before the “speech input by the user” is 
complete, and reliance on the capability of the paired com-
puting device which results to system errors (Pradhan et al., 
2020).

4.5. Requirement specifications for designing 
conversational voice-assistants

Older people face or will in time use digital technologies 
embedded with conversational or auditory interface used 
through daily activities such as in mobility. According to the 
findings from prior studies (Gollasch & Weber, 2021), users’ 
intention to use speech-only technology can be seen among 

Table 2. Factors that impact use of intelligent conversational voice-assistants to supports older people.

Factors Description

Ease of use This factor is concerned with how easy and user friendly ICV is to older people when they navigate the auditory interface. 
This factor assessed if it requires a lot of learning effort for older people to use ICV to support mobility services. This 
requirement is necessary to accommodate the older people physical and cognitive abilities.

Visualization This factor is concerned with the external appearance or avatar of the ICV within the device being deployed whether the 
avatar is a human-like agent, an image an animal, or just an application user interface. This requirement assesses how 
likeable the ICV is and how well it characterizes or personalized the mobility needs of older people user (Shaked, 2017).

Personalization The personality of the Persona or the Avatar is conveyed via speech, visual, facial, and possible emotional gestures can 
influence the use of conversational voice-assistants. Personalization relates to how ICV will be able to provide different 
services particularly personalized to the daily mobility needs and walkability tasks (Shaked, 2017).

Availability of analytics This factor plays a crucial role in achieving personalization. The provision of analytics facilitates the establishing of user 
mobility patterns and this offers predictions for future mobility behavior for older users.

Error recovery This factor involves the capability of ICV to easily recover from a dialogue misunderstanding or mistake rather than 
creating an infinite conversation loop and an unpleasant interaction experience (Shaked, 2017). It is important to create 
a smooth interaction with older people especially in a dialogue for wayfinding and walkability (Shaked, 2017). Error 
recovery is challenging to avoid and requires use of data analytics technologies integrated with NLP module.

Latency This factor is important to improve user experience as the delay response between input into the system and the desired 
reply or output (Barros Pena et al., 2021a). Latency highly affects the quality of the interaction as well as the dialog 
flow. Thus, high latency which is the time taken in seconds per interaction may be observed in by older people as lack 
of ability to understand him/her and this create a sense of misunderstanding (Shaked, 2017).

Integration ICV should possess the ability to incorporate different input/output technologies into the dialogue that enables older 
people to choose which auditory interface is preferable to accommodate the older users’ capabilities.

Gamification This factor involves the inclusion of gaming functionality and rewards for task execution is highly recommended for as it 
supports the continuity and familiarity of ICV with older people (Shaked, 2017).

Appearance There is need for ICV with a realist and a friendly voice and face that makes older people feel comfortable. Findings from 
the literature suggested that availability of different virtual characters, with different looks base on different age and 
gender, realistic human-like expression is preferred over cartoonlike appearance and formal as compared to informal 
look (Tsiourti et al., 2016a).

Verbal and non-verbal capabilities This factor involves the provision of a ICV that has seamless communicative proficiencies, such as the capabilities to 
perceive and interpret vocal and non-audio input (for example verbal language and facial expressions), and to express 
voiced and non-vocal behavior (Tsiourti et al., 2016a).

Decision-making and personality The ICV should show emotional responses and coherent behavioral that can be understand by older people as indication 
of natural and social personality (Tsiourti et al., 2016a).

Perception and awareness ICV should be able to perceive their deployed environment once its operational and it should be aware of the current 
location/condition of the older people. Older people envisioned a ICV that can understand their emotional state (e.g., 
sadness, joy, etc.) and activity (e.g., walking, idle) and utilize this data to adapt its behavior to offer mobility and 
walkability support.

Safety ICV should be able to monitors older people and recognizes abrupt human body motions that indicate instability or a 
sudden fall or a call for help, based on a predefined voice command. In the case of an emergency, it should initiate a 
dialog to acknowledge the detection and reassure the user and if necessary, automatically dispatches a phone call to a 
designated caregiver or emergency center (Tsiourti et al., 2016a).

Guidance Since older people are disposed to forgetfulness, it is expected that ICV can recognize emergency situations (e.g., injury, 
falls), and help older people detect objects such as signs, symbols, etc. in the build environment utilizing real-time 
vision-based detection of prior learned objects, when possible (i.e., when a physical object is in the area of view of the 
phone camera) (Tsiourti et al., 2016a).

Privacy Furthermore, in accordance with General Data Protection Regulation (GDPR) other associated risk factors that impact use 
of ICV relates to the perceived threat to user’s privacy due to the data that is collected by the system based on the 
individual’s information (Chen et al., 2021; Hoy, 2018; McLean & Osei-Frimpong, 2019; Pradhan et al., 2020). Although 
ICV provide benefits to older people, the adoption of digital technologies such as AI based machine learning can pose 
threats to users’ privacy. As there is a possibility for data to be stolen or leaked (Hoy, 2018).

Security risk Findings from the literature stated that ICV such as the Amazon Echo have security risk that can be manipulated by 
individuals with unauthorized access. ICV can execute high priority tasks utilizing private account details, assist in 
making appointments, look up available travel service information, reserve mobility modes on behalf of older people, 
and make payments on behalf of user and the payment details can be faced with security issues.

Data access Another issue with ICV is data security. Anyone with access to ICV based system can query it, get information about the 
personal accounts and digital services connected with the device, and query it to perform tasks. This can be a security 
risk as these devices will read out emails, SMS, calendar contents, and other personal information (Stigall et al., 2019). 
To address this type of unauthorize data access Google has lately upgraded its voice assistant software to incorporate 
voice printing, which distinctively identifies each user using their voice to stop the device from reading out personal 
information to unauthorized voices. Apple is also training Siri to recognize an individual’s voice, whereas Amazon’s 
Alexa is working to deploy a similar voice printing module. There are now options to set a voice activated passcode to 
confirm user accounts (Hoy, 2018). Another approach to address access concern in ICV all collected data should be 
destroyed after analysis or no data should be recorded (Stigall et al., 2019).
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older people, suggesting that the ageing population are inter-
ested in this development. However, the use of these tech-
nologies among the older population is associated with the 
challenge they face in coping which is a viable requirement 
to be considered when designing age-specific systems 
(Gollasch & Weber, 2021). Secondly, while most of the 
recent research in this field has focused on improving the 
functionalities of ICV (Thakur & Han, 2018), there are 
fewer research done to analyze the requirements to be con-
sidered in designing ICV to supports specifically mobility 
and walking accessibility, safety, and independence of older 
people. Findings from Gollasch and Weber (2021) suggested 
that older adults expect or prefer that in using ICV there 
should be simultaneously less information, more guidance 
and patience as well as clear, slow, and loud auditory/voice 
interface. Accordingly, this study employs a user-centred 
design approach based on the “ability-based design frame-
work” and “ISO 9241-110 ergonomics framework for human- 
system interaction” to specify the requirements needed to 
design ICV as seen in Figure 9.

Figure 9 depicts requirements needed to design ICV 
grounded on a user-centered approach which comprises of 
the ability-based design framework and the ISO 9241-110 
framework for ergonomics of human-system interaction 
principles. The ability-based design was proposed in the lit-
erature (Wobbrock et al., 2011; 2018), as a framework to 
which focuses on older people ability, instead of their dis- 
ability, when designing interactive technologies for the age-
ing population (Chen et al., 2021), (e.g., it aims to transfer 
the existing technical skills of older people to ICV use). 
Overall, the seven principles of the ability-based design 
framework are employed to support the design of ICV that 
will support the mobility accessibility, safety, and independ-
ence of older people.

As suggested in the literature (Chen et al., 2021; 
Ermolina & Tiberius, 2021; Hoy, 2018; McLean & Osei- 
Frimpong, 2019; Pradhan et al., 2020), the application of 

ICV should improve “data privacy and trust” of older people 
concerns when they use digital technologies for mobility 
related services. These are included as one of the require-
ments as seen in Figure 9. Also, 7 design principles were 
identified from the literature (Gollasch & Weber, 2021), 
based on the 7 dialogue principles (suitability, self-descrip-
tiveness, conformity, learnability, controllability, error 
robustness and user engagement), proposed within ISO 
9241-110 framework for ergonomics of human-system inter-
action (ISO, 2020), as seen in Figure 9. The identified 
requirements are reviewed in Table 3.

5. Discussion and implications

5.1. Discussion

Due to technological advances in AI and machine learning 
as well as increasing deployment of natural language proc-
essing, ICV, speech recognition, etc. have gained popularity 
in research and practice over the last years. It is predicted 
that the chatbot market will grow from $17.17 billion in 
2020 to almost $102.29 billion in 2026, suggesting the high 
relevance of this area. ICV are used to automate routines in 
a wide variety of areas, such as customer support, education, 
entertainment, health, etc. to guarantee 24/7 availability to 
increase effectiveness (Janssen et al., 2021; Petrie, 2023). 
While ICV are increasingly becoming part of the society, 
specific vulnerable user groups such as older people that 
might benefit from this technology are often less considered 
in research. Given the rapid development of digital technol-
ogies in smart cities in providing mobility related services, it 
is significant to consider the use of ICV as a promising tool 
able to maintain and enhance mobility, walkability, and 
wayfinding activities for a wide range of older people. As 
there is still a digital divide between the older and younger 
generations, the ageing population might benefit from the 
use of DT such as ICV. Older people especially those with 
disabilities are at high risk of digital exclusion and digital 

Figure 9. Requirement specifications for designing conversational voice-assistants.
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technologies such as ICV have hardly been designed and 
investigated for this target group (Petrie et al., 2018; 
Schlomann et al., 2021).

Psychologically, older people with legal blindness/vision 
impairment display higher prevalence of depression, anxiety, 
and have lower quality of life. The adoption of ICV can 
enable older people with reduced vision and limited experi-
ence with handheld devices to use such gadgets such as 
mobile phones by simply talking to them. This work pro-
vides preliminary insights into how ICV can facilitate safe, 
independent, accessible mobility for older people in urban 
environment. Evidence from this study reports on factors as 
barriers that acts against the adoption of ICV such as issues 
in the system correctly understanding voice commands. The 
findings also examine the perceived factors that influence 
the use of ICV by older people in smart cities. Preliminary 
finding from this study highlights that irrespective of the 
limitations faced by older people who used ICV that this 
technology may be valuable for older people. This finding is 
similar to results from Pradhan et al. (2020) where the 
authors revealed that prior studies have become progres-
sively interested in exploring how DT such as ICV might be 
more suitable for the heterogonous older people community. 
The author pointed out that for older people the approach-
ability and accessibility of ICV interfaces may provide new 
opportunities to the ageing population (Pradhan et al., 
2020).

Furthermore, findings from this study explore the 
requirement specifications to be considered in designing 
ICV for older people. Findings from Stigall et al. (2019) 
revealed that only few studies have been carried out on that 
discussed the design requirements of ICV for older people 
or used older people as participants in designing intelligent 
conversational or dialogue-based systems for the ageing 
population. Evidence from this study suggest that ICV can 
improve the mobility, walkability, and wayfinding when 
older people walk in smart cities. As stated in reported in 
the literature Arnold et al. (2022) advocated that the applica-
tion of voice-assistants can be particularly useful for older 
people to improve mobility, walkability, and wayfinding of 
older people. In addition, for mobility inclusion as well as 
digital inclusion of older group in the use of digital technol-
ogies to improve safe, independent, and accessible mobility, 
better usability of technological artifacts used by older peo-
ple should be followed through a series of human-system 
interaction requirements (Barros & Seabra, 2020; Schlomann 
et al., 2021). Findings from researchers such as Pradhan 
et al. (2020) advocated for studies that investigate the design 
of voice-assistants’ response based on end user’s request par-
ticularly for the ageing populations. To this end this study 
contributes to provide an understanding on the use of ICV 
by older people and further expands on prior studies by 
investigating the factors that influences older people percep-
tions and use of ICV.

Results from Stigall et al. (2019) stated that older people 
prefer voice/auditory interfaces in comparison to the con-
vention touch screens, clicking, and keyboards. Similarly, 
survey results from Ermolina and Tiberius (2021) suggested Ta
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that use of voice-assistants has gain more trust among older 
people over the years resulting in their widespread use in 
health care. Whereas it was reported that while older people 
rated conversational voice-assistants’ usability higher than 
conventional keyboard interfaces, most still chose the key-
board (Stigall et al., 2019). Further results suggest that the 
physical devices used by older adults such smartphones, tab-
let, laptop, or other handheld devices used to interact with 
the ICV is important (Martin-Hammond et al., 2018). The 
result suggest that the use of laptop was perceived as more 
favorably whereas the use of ICV in smartwatches was 
viewed as less favorably by older people (Stigall et al., 2019). 
Additionally, research by McLean and Osei-Frimpong 
(2019) specified that the perceived privacy risks negatively 
impact the usage of ICV. As concerns of stolen person 
details, and the perception of voice-assistants possibly listen-
ing to private conversations is perceived as a privacy risk 
that may be faced in use of this technology. Concurrently, 
this research provides new understandings of mobility in 
relation to ICV in smart cities, demonstrating the usefulness 
of this technology which provides new opportunities for 
exploration on user-centred design to enhance the welfare 
and wellbeing of older people.

5.2. Practical implications

The global population of older adults aged 65 and above is 
projected to triple to 1.5 billion in the year 2050, as reported 
by the World Health Organization. The increasing demand 
for services to support the welfare, wellbeing, and quality of 
life of the ageing population has stimulated researchers 
worldwide to explore the deployment of digital technologies 
such as AI based machine learning and Natural Language 
Processing (NLP) to support older people to cope with the 
challenges of ageing and live safely and independently (Jnr, 
2024). ICV which are computer programs that exhibits a 
certain level of autonomy and intelligence as well as social 
skills to imitate human face-to-face dialogue, and the cap-
ability to sense and react to user affect. The use of smart-
phone among older people aged 60 years or older has been 
rapidly rising and results from the literature suggested that 
the use of voice-assistants were proven to be useful in 
increasing conversation time, notwithstanding the shortness 
in the length of replies as compared to humans (Ryu et al., 
2020). As reported in the literature (see Table 1), a number 
of ICV systems have been developed for different target 
applications to assist older people to address various needs.

This study investigates design requirements as strategies 
for developing and implementing an ICV that can dialogue 
with the older people and helps them improve the safe, 
independent, accessible mobility, walkability, and wayfinding 
of older people in urban environment. The ICV is capable 
to provide personalized multimodal/intermodal mode of 
travel, and identify signs and symbols, and recommend safer 
routes that can be useful for the prevention of falls, or inju-
ries faced by older people. Using machine learning the ICV 
offers possible personalization with the ability to understand 
the older people walkability patterns and mobility 

interaction choices which is critical to provide guidance. 
Using handheld devices equipped with camera ICV sup-
ported by machine learning can help for visual recognition 
of signs, symbols, and objects when older people walk across 
the urban environment to reduce injuries and falls. To the 
best of the author(s) knowledge, this study is the first to 
investigate the requirement specifications needed to develop 
as ICV for safe, independent, accessible mobility, walkability, 
and wayfinding of older people grounded on ability-based 
design framework and ISO 9241-110 ergonomics framework 
for human-system interaction to sustains dialogues with 
older people, based on natural language processing techni-
ques for behavior generation for human-machine communi-
cation. ICV are suggested to be employed in this study to 
respond to older people mobility needs and assist them to 
when they walk within and across cities as they accomplish 
their day-to-day routine.

Additionally, evidence from this study synthesized prior 
research in the context of AI based voice-assistants and 
examined how ICV can improve the mobility, walkability, 
and wayfinding when older people walk within and across 
cities. Building on this, a specific designs requirements are 
identified to provide better insights into the development, 
implementation, and adoption of ICV suitable for the ageing 
population. The use of ICV for safe, independent, accessible 
mobility, walkability, and wayfinding of older people in 
urban environment presents a new form of interaction with 
AI technology that is envisioned to be embedded as part of 
older people everyday life enhancing social activity. This 
study provides implications that will be beneficial to system 
designers, researchers, and engineers who develop smart 
devices with built-in voice-assistants to support the welfare 
and wellbeing of the ageing populations. Evidence from this 
study identifies key factors as perceived barriers that should 
be accounted for in policy design of more intelligent conver-
sational voice-assistants. The findings also advance the lit-
erature by providing an interdisciplinary approach to 
transportation studies to promote mobility inclusion using 
digital technologies.

5.3. Theoretical implications

ICV employes AI technology which utilizes natural language 
processing and machine learning to learn and understand 
user’s preferences. Currently, we are seeing the adoption of 
AI based ICV which provides an effective tool to improve 
life routine and self-management of healthcare, leading to 
the improved quality of life for older people. However, 
accessing and adopting innovative technologies such as ICV 
is often not easy for the ageing population, who are often 
consequently left behind as it is challenging for older people 
to use, learn, and interact with devices with auditory inter-
face (Chen et al., 2021). ICV allow users to naturally com-
municate with digital systems eye-free and hands-free. This 
makes them useful for future mobility, specifically among 
ageing populations in the society. With the increased use of 
intelligent conversational voice-assistants, prior studies have 
examined how older people are using voice-assistants to 
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support their daily routines, as well as the potential barriers 
impeding their adoption. While prior studies focused mainly 
on the older people experience after adopting existing voice- 
assistants’ functionalities on a specific type of voice-assistants 
embedded in a smart-home device (Chen et al., 2021).

The requirements, needs, challenges, factors, and design 
strategies need to improve the development of ICV tailored 
for the mobility, walkability, and wayfinding of older people 
are still unexplored. Findings from prior research (Gollasch 
& Weber, 2021), revealed that older people are interested to 
use speech-based or voice-assistants technology but differen-
ces in cognitive abilities and language comprehension has led 
to specific requirement specifications for older users. 
Nonetheless, knowledge of the key success factors to improve 
the uptake and adoption of ICV by older people are not well 
known. Therefore, this article makes an attempt to address 
this gap. The focus of this current study is to provides differ-
ent modalities and functionalities needed to support a safe, 
independent, accessible mobility, walkability, and wayfinding 
of older people in urban environment. Therefore, this study 
identifies key factors that influence the use of ICV by older 
people in smart cities. Findings from this study further the 
conceptualize the requirement specifications to be considered 
in designing ICV for older people grounded on the ability- 
based design framework and ISO 9241-110 ergonomics frame-
work for human-system interaction.

Findings from the literature suggested that introducing the 
Internet enabled devices to the older people can help improve 
their welfare and psychological wellbeing, contributing to 
their sense of independence, autonomy, and empowerment, 
through provision of entertainment, news, weather, and 
obtaining information online. While high percentage of the 
working-age people regularly access the Internet, the older 
age group (over 80 years), are less likely to do so. Findings 
from a recent study in USA indicated that Internet use 
among older people has steadily increased over the last year, 
with the “younger seniors” (65–74) almost twice as likely to 
use the Internet as compared “older seniors” those from 75 
and older (Ho, 2018). Even though the use of ICV offers sev-
eral benefits it still faces significant barriers in gaining trac-
tion among older people cohort as older people are least 
likely to surf the Internet and most are not able to afford 
such handheld devices, and most do not have broadband or 
internet connections. Additionally, older people with co-exist-
ing speech or hearing impairment may not benefit from ICV 
(Ho, 2018), due to auditory challenges.

6. Conclusion

This article describes the perceived factors that influences 
the use of ICV by older people. This study explicitly focused 
on investigating how ICV can offer promise to improve 
navigation for older pedestrians. Requirement specifications 
for designing ICV based on the ability-based design frame-
work and ISO 9241-110 framework for ergonomics of 
human-system interaction was designed in this study as a 
user-centred design to describes the requirement specifica-
tions needed to design an ICV. Findings from this study is 

based on existing literature employed to guide policy and 
practice, and also to investigate the readiness and use of 
digital technologies such as ICV by the ageing population in 
the society. A systematic literature review was adopted 
grounded on secondary data from the literature and descrip-
tive analysis was employed. Findings from this article dis-
cusses how ICV that simulates human-like behavior can 
support mobility, walkability, and wayfinding guide when 
older people walk within and across cities. Evidence from 
this study provides recommendations for the implementa-
tion of a user-centred ICV for safe, independent, accessible 
mobility for older people in urban environment.

This study aims to examine the perceived factors that influ-
ence the use of ICV by older people in smart cities. 
Furthermore, findings from this study explore the requirement 
specifications to be considered in designing ICV for older peo-
ple and also evidence from this study suggest that ICV can 
improve the mobility, walkability, and wayfinding when older 
people walk in smart cities. Additionally, this article presents 
user-elicited recommendations that aids the need for the 
future design of ICV to facilitate follow a human-human con-
versation mode. More specifically, the findings discuss design 
implications for implementing ICV. Findings from this study 
can be used as a starting point for future researchers involved 
in developing ICV personalized for the mobility of older peo-
ple who use public transportation in a real-world setting.

Additionally, in the future it is planned to implement ICV 
that can help to provide personalized recommendations to 
improve the mobility, walkability, and wayfinding when older 
people walk in smart cities. This study is more align to walkabil-
ity of older people due to mobility impairment faced by these 
demographics, but does not examine different type of hurdles, 
for example older people finding the place to sit, using the pub-
lic escalators, taking buses and metro etc. Future research will 
contribute to address this research area. Also, machine learning 
algorithm and natural language processing will be used to pro-
vide real-time data driven conversational dialogue for older peo-
ple. Furthermore, proper safety and privacy measures will be 
considered to promote best practices and integration of ICV 
into use by older people. Finally, a participatory design grounded 
on user-centered design will be adopted by conducting an in- 
person co-design workshops with representative of older people, 
caregivers, family members, and municipality care and coping 
departments to elicit more insights on how ICV can support the 
mobility, walkability, and wayfinding of older people.
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