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Abstract 

Service connections to the IoT require a user to have a degree of technical capability. This can be limiting in the case of the 
elderly, and de-motivating in encouraging their connection. It is therefore pertinent to support those groups who are 
otherwise marginalized. The objective of this paper is therefore to consider the reasons that the elderly are deterred from 
connecting to the IoT, with specific focus given to those aspects which can reasonably be influenced. This work is conducted 
with a view to making recommendations in relation to the service provisioning process and, specifically, the way in which 
Service Level Agreements (SLAs) may be customized to respond to the elderly’s needs and encourage their connection. 
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1. Introduction

While the evidence suggests that interest in internet 
technologies is growing from the perspective of our elderly 
population, a large gap in the market remains, given that, 
“After 50 there is a sharp decline in Internet use …” [1]. By 
May 2019, only 47% of adults aged 75 years and over in 
Britain are recent (having used the internet within the last 
three months) users [2]. Ofcom, the regulator of 
broadcasting, telecommunication and postal industries, also 
reported in May 2019 in relation to the over 75 year old 
population that, “48% do not use the internet” [3]. There 
therefore exists a significant body of people who can 
potentially be targeted in any attempt to extend the reach of 
online technology and services.  

*Corresponding author. Email: c.peoples@ulster.ac.uk

The European Commission, which is responsible for 
bringing forward proposals to support EU laws, describes a 
smart city as, among a range of other characteristics, one, 
“meeting the needs of an ageing population” [4]. If a need 
is therefore identified that elderly users wish to embrace 
internet technology, but, for some reason or other they are 
unable to, then the smart city concept is not being fulfilled 
in relation to the Commission’s definition. Taking into 
account the proportion of older users who are not online 
today, the objective of this paper is to examine the extent to 
which older users wish to use online technologies, the 
reasons that they currently do not, and the interventions 
which might help to close this gap. 

This research is driven by an understanding that trends 
in technology use by the over 75s is changing, which 
indicates that there may be greater desire to use technology 
than the statistics on current usage describe: In 2001, 81% 
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of people who said they would definitely not go online were 
aged over 50 years old; 56% of these were aged 65 years 
and over [5]. In 2018, by way of contrast, up to 6% of people 
aged 75 and over were living in mobile-only households. 
Furthermore, by January 2019, one in five people aged 75 
and over were using a smartphone [29]. (A study in 2017 
reports that 31% of 75 to 79 year olds and 17% of those aged 
80 and older own smartphones, [21].) These statistics 
provide evidence that the generation gap is narrowing and 
suggest that older users may wish to use internet technology 
to a greater extent than they currently do. Importantly, the 
number of people aged 65 and over is predicted to increase 
by 40% over the next 20 years, and the number of 
households with a resident aged 85 and over is increasing 
faster than any other age group [36]. This evidence may 
therefore highlight a possible gap in the smart city concept 
from the perspective of the European Commission 
discussed above. It additionally represents an opportunity 
which may be exploited by Service Providers, in that, “At 
54% in 2019, this was the first time that over half of adults 
aged 65 years and over [in the UK] were online shoppers” 
[28]. However, “While broadband ownership has increased 
in the last few years, it remains significantly behind that of 
other age groups – just under half of older (75+) consumers 
do not have home broadband” [29]. Therefore, while some 
early evidence suggests that the generation gap is 
narrowing, there continues to be an uptake gap in 
comparison to other age groups, and there is an opportunity 
to contribute to closing it.  

In one step towards achieving this, it is necessary to 
understand the reasons why it exists. It may be the case that 
internet use is spreading because the elderly today are those 
who used the internet when they were younger, and skills 
gained in earlier life shows evidence of persisting in later 
years. With this assumption, it could be the case that internet 
use will slowly spread throughout the older population, as 
the younger generations of today begin to age. Fox 
predicted in 2001 that the 50-64 age group at that time were 
the most likely to continue to use the internet after 
retirement, and that a “silver tsunami” situation would 
happen [5].  

However, this has not come to pass [6]: A study by Age 
UK in 2016 found that people can have a propensity to give 
up using the internet as they get older [8]. The study 
captures activity in relation to internet use within the last 3 
months or longer, in which case the user is considered to be 
an infrequent user or one who has given up using 
technology entirely. This can occur due to the impacts of 
change in health, social connections, disposable finance, or 
simply desire. This finding is also identified by the Oxford 
Internet Institute (OII) who, in September 2019, describe 
that the phenomenon of older citizens losing interest in 
online technologies has persisted since the OII’s study 
began in 2005 [7]. The reason for a lack of use by the older 
population is therefore not simply due to the fact that they 
grew up without the internet [9].  

It is important to identify the reasons for this trend in 
behavior, so that solutions can be provisioned to meet the 
needs of older users. In an attempt to explain the reasons 
why older users increasingly give up using technology as 

they age, a UK Governmental study explains that older 
users have less capacity to retain technological skills [11]. 
As the ability to operate technology becomes more difficult 
over time, the evidence suggests that older users step away. 
They study goes on to describe that, “60% of non-internet 
users aged over 64 consider the internet “too difficult to 
use”” [11], verifying that the older population finds online 
technology prohibitively complex. It is anticipated that this 
will become an increasing problem in the future, as the 
breadth of technologies expand, unless specific effort is 
given to responding to the operational challenges 
experienced by certain demographic groups.  

There is subsequently an opportunity to exploit the fact 
that more elderly users are online than ever before, but that 
there continues to be a large proportion who are not. There 
is therefore potential to work towards minimizing the extent 
to which some elderly users step away from technology 
over time.  

Different perspectives can be examined to influence the 
achievement of this. One is to identify if the applications 
and online services respond to the needs of elderly users. If 
there are few services online which will attract the older 
population, there is little incentive for them to participate. 
Assessing interest in online technologies, however, is 
difficult, given the evidence of a lack of understanding of 
what the internet involves [17]. From another perspective, 
the ease of accessing a service could be examined, given 
that there are a myriad of ways in which services may be 
offered to customers; each provider offers their services 
according to a bespoke set of metrics. A lack of 
standardization in the ways which services are offered to 
customers reduces transparency of the provisioning process, 
and can lead to confusion in how to access them, as verified 
by Pearson (2019), who states that, “device registration 
processes are, more often than not, incompatible with 
humans” [10]. It could be assumed that this becomes 
increasingly true with age, in line with the findings in [11].  

The objective of this paper is therefore to examine the 
extent to which the elderly population engages with online 
activities and their barriers to using technology, with a view 
to understanding if interventions are needed, how they 
might be put in place, and the impact they could potentially 
have. In our prior work, an ontology has been proposed with 
a view to standardizing the information used during device 
registration and service setup processes. The overall goal is 
to minimize the input required from customers and, as a 
result, the need to interact directly with a Service Provider. 
Enabling this facility is believed to be particularly relevant 
in the case of the elderly users.  

The remainder of the paper is organized as follows. In 
Section 2, a literature review is presented which examines 
the extent to which the elderly participate online and the 
services which are available for them. This is followed in 
Section 3 with a consideration of the variety of reasons that 
the elderly are not online. In Section 4, achieving Quality of 
Experience from the perspective of an elderly citizen is 
considered, and the drivers for inclusivity are presented in 
Section 5. The paper concludes and discusses future work 
in Section 6. 
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2. Literature Review
A number of literature sources regarding the elderly and IoT 
technology report on its use to support independent living 
in the home. The authors of [16], for example, propose a 
platform to support interoperability between a range of 
smart devices. The HABITAT project – Home Assistance 
based on the Internet of Things for the Autonomy of 
Everybody – aims to support elderly citizens living in their 
own homes and care homes. As another example, the 
authors of [14] describe a “watch-over system”. This 
involves motion and temperature-humidity sensors being 
deployed around the house for the purpose of, for example, 
alerting when a person has not moved for a pre-defined 
period and the room temperature exceeding a threshold, or 
a person has not moved from the bath for a threshold period 
of time. The system operates only when a person is alone in 
their home, and ceases operation when others arrive. This 
system is very specific to the home scenario, and is unlikely 
to be adaptable to other situations.  

Moving closer to exploiting the capabilities of IoT 
technology, the creation of “elderly-friendly cities” [12] was 
explored as part of the City4Age project [13], which 
concluded in early 2019. Proposals made in this project 
include strategies to collect and manage data about the 
elderly’s activities, with a goal of creating a more 
supportive city environment. It was proposed through this 
project to collect data representing behavior patterns, which 
would then be analyzed to identify novel activity and detect 
risk. Data was collected using wearable wrist devices and 
smartphones on User motility, Indoor/Outdoor localization, 
User/Environment interaction, and Ambient parameters. 
There is less detail given in [12] on decisions made using 
the collected context, and the way in which it makes the 
cities more supportive, and more detail is given on the 
system architecture which supports smart city operations.  

Despite the range of solutions available, however, they 
do not respond to the service connection needs of older 
users. To the best of our knowledge, there is little evidence 
of research or strategy put specifically in place to respond 
to the elderly’s service provision needs. We therefore 
believe that this is a significant part of the reason which 
explains why the elderly are not online.  

3. Why are the elderly not online?
One objective of this paper is to understand the reasons that 
the elderly do not engage with technology to the extent that 
other age groups do, and to appreciate the reasons why some 
elderly citizens use the internet infrequently, or give up 
altogether.  

It has been described, not specifically in relation to 
elderly users but citizens in general, that, “Most non-users 
are not interested in going online – they are non-users by 
choice” [1]. Non-users are most commonly those who are 
older: It was described in 2015 that, “Almost 30% of people 
aged 65-74 [in the UK] have never been online” [17]. This 
statistic increases as respondents age, with the survey going 
on to describe that “61% of over 75s have never used the 

internet” [17]. By 2018, the Office for National Statistics 
(ONS) reports that 8.4% of the UK population have never 
been online [18], and by 2019, this value declines to 7.5% 
[2]. More than half of the population who has never been 
online (4 million) is aged 75 years and older (2.5 million) 
[2]. While this may be because they are not aware what they 
are missing out on, it is certainly also the case that efforts 
have not been successful in encouraging them to participate, 
or in facilitating them in doing so. These are significant 
figures: 11.9 million people in the UK are aged 65 years and 
over. 3.2 million are aged 80 years and over, and 1.6 million 
are aged 85 years and over [36]. 

“The propensity to explore online decreases with age” 
[3]. A survey in 2017 by The Local Sweden describes that, 
“Those who don’t use the internet are the very oldest who 
have made an active choice” [15]. It may be naïve, however, 
to assume that the older population has actively chosen to 
not go online: A study carried out in 2015 by BritainThinks 
on behalf of Age UK describes that, when surveying the 
elderly population, “… understanding of the internet was 
low, both in terms of how to navigate it and the commonly-
known range of opportunities that it provides to users” [17]. 
If they have made a choice to not use it, the evidence 
suggests that this decision is being made based on imperfect 
information. Some survey respondents have indicated that 
they are perhaps unfamiliar with what it means to use the 
internet: One participant of the study described that, “I 
would have to sit down and think ‘what would I do with this 
computer?’” [17], reinforcing a lack of familiarity with 
what is achievable online. 

It is, however, not necessarily due to a lack in desire that 
the older population is not online: The BritainThinks report 
conveys that older citizens accept that online services are 
accessible only via friends and family. This indicates that 
services which respond to the needs of older users are 
available, and that other barriers between the user and the 
service exist. A selection of these are considered in more 
detail in the following sections.  

Figure 1. Cycle of Factors influencing Technology 
Use by the Elderly 
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Gender 
Gender is a potential barrier to technology, given the 
distinction between the number of men and women who are 
online [2]. Women, in general, use the internet less than 
men, with 82% of women across Europe compared with 
84% of men in 2018 [19]. This finding is significant, given 
that, by 2018, there were 32% more women than men in the 
EU [19]; in relation to the over 65s, 55% are women [23]. 
Related to this is the fact that women have a higher life 
expectancy than men, living on average 5.2 years longer in 
2017 [24].  

Education 
Education is a significant contributor to online activity - 
“…sorting those who do from those who do not go online” 
[1] [5] – with educated citizens more likely to be online
[21]. In the below 64 years old age group, a higher
proportion of women are educated to higher education level
than men [19]. This should therefore indicate that there will
be more women online than men. As we move into the
higher age bracket, however, it becomes more difficult to
obtain statistics on education levels and internet use in
general, and certainly on a gender-specific basis. Based on
trends in internet use and gender, and the influence of
education on being online, we might assume that older
females are educated to lower levels than men. As the below
64 years old age group continues to age, however, it might
be reasonable to assume that the older population who will
potentially be online will be female.

Online behavior and activity also varies dependent on 
education: In 2018, 81% of users with higher educational 
achievement watched streamed TV and videos in 
comparison to 66% who had achieved at most secondary 
level education [20]. Similar distinctions were observed for 
those reading news online, with 85% of users with further 
education and 56% with a secondary level of education [20]. 
We can therefore anticipate a higher frequency of 
operations made by educated users, in addition to requests 
requiring a higher volume of bandwidth. Awareness of this 
activity is important, from the perspective of service 
providers, through gaining an understanding of the types of 
capabilities that services should be provisioned for.  

Employment 
The employment rate also varies dependent on gender, and 
this may have a significant impact on who is online. In 2018 
in the EU, 74% of men were employed in comparison to 
63% of women [19]. Those who are employed are more 
likely to be online than those who are not. However, a 
significant rise in the number of women who work has been 
seen for the 50-64 year old age group, rising from 55% in 
2000 to 70% in 2019 [36]. We might assume that 
employment will impact the accessibility of online services, 
with an assumption that those who are employed will be 
educated, and the correlation observed between being 
educated and being online. This is useful from the service 
provisioning perspective, helping to understand the types of 
services which will be demanded and the volumes of 
resources required.  

Finance 
Closely related to employment is disposable finance, which 
influences the extent to which users can be online through 
their ability to buy devices and connect to services [22] [21]. 
In 2019, the over 80s in the UK are described as being more 
likely to live in poverty than other age group; furthermore, 
16% of people aged over 65 live in relative poverty [36]. It 
is therefore reasonable to assume that this demographic will 
be less likely to be online from a financial point of view. 
This is also useful knowledge from a service provider 
perspective, reinforcing the availability of disposable 
income from this population group.  

Mental impact of exclusion from modern world 
The evidence suggests that the elderly have negative 
emotions about the fact that they are not connected with 
technology. A study by Pew Research Center reports that, 
“34% of older internet users say they have little to no 
confidence in their ability to use electronic devices to 
perform online tasks …” [21]. “41% of people aged 65 and 
over in the UK feel out of touch with the pace of modern 
life” [37]. The survey carried out by BritainThinks is 
particularly revealing in relation to how the elderly feel 
about technology and their interaction with it [17]. They feel 
vulnerable and uncomfortable having to rely on others to 
facilitate their internet use. “They talked about feeling … 
like a ‘dinosaur’, ‘stupid’ and ‘vulnerable’” [17]. 

Loneliness and Isolation 
Loneliness and isolation are also significant health 
conditions, in that they can trigger physical and mental 
reactions. Physical pain, for example, can restrict a person 
to home, with a subsequent impact on connection with 
others. In 2018, 39.9% of women and 20.2% of men aged 
65 and over in the EU were living alone [19]. In 2016, there 
were 39% single-person households for the elderly 
population aged 65 and over in the EU [25]. In 2019, 14% 
of men were widowed by the age of 65 compared to 35% of 
women [36]. Significantly, “There is a growing concern 
that loneliness could be the next biggest public health 
crisis” [13]. A large proportion of society report that the 
television is their main form of company. This is significant 
– a recent study describes that more than 3.5 hours of
television viewing per day can lead to cognitive decline
[40]. It is therefore a vicious cycle to break, of
employability, finance, health, and loneliness.

Health 
While employment opportunities are now opened up to 
elderly citizens, the rate at which this can be exploited is 
influenced by poor health in older age. With increase in life 
expectancy, citizens are increasingly spending longer time 
in poor health [27], which in itself can lead to further health 
concerns. Depression, for example, in older age can be 
driven by cognitive impairment, physical inactivity, and 
anxiety [26], all of which can limit the level of engagement 
with technology. While life expectancy is increasing in 
general, in the UK however, it is lower in relation to 
comparable countries [10]. While the specific causes are not 
known, it is believed to be due to a range of illnesses: The 
elderly are vulnerable to social isolation and loneliness, 
which can lead to cognitive decline [11], dementia, 
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depression, and heart disease [12]. A study in 2011 
describes, “a positive correlation of Internet use to mental 
well-being of retired older adults …” [26]. It is therefore 
important, particularly from a governmental point of view, 
to consider strategies which can positively impact on the 
overhead of elderly healthcare cost.  

Location 
Internet uptake varies dependent on location. This is 
somewhat due to roll out of the network infrastructure in a 
marketable location-led manner. It is also influenced by the 
fact that citizen demographics vary across locations, with 
some citizens being more likely than others to use the 
internet, and therefore driving different levels of demand. In 
relation to the fact that fewer older people are online, it may 
be significant that 25% of people aged over 50 live in rural 
areas [36], where broadband connections are less prevalent. 
It may be more difficult for older citizens to benefit from 
wireless services due to the (perhaps perceived) complexity 
of establishing a connection from their perspective.  

Complexity of technology and the service 
provisioning process 
From a front-end application perspective, “One in five [UK 
adults] say they don’t use the internet because it’s too 
complicated …” [29]. Furthermore, Ofcom reports that, 
“just under four in ten older consumers (75+) … are 
confident that they understand the language and 
terminology used by providers, compared to the 75% 
average” [29]. They also reinforce concern about their 
ability to use any technologies which emerge in the future 
[11] due to this apparent loss of knowledge and ability.
“30% of … people aged over 54 would “use new
technologies if they were easier to use”” [31].

Accessibility of mobile devices 
A number of studies investigate the usability of touchscreen 
devices from the perspective of the elderly. In relation to the 
devices and applications available at the time of publication 
(2011), the authors of [32] identify that the elderly generally 
find touchscreens easy to use. The authors of [32] also 
describe that the software side of systems can be achieved 
using, “… senior-friendly interfaces through software-level 
adaptations” [32]. While this might be true in the case of 
websites and applications developed specifically for the 
elderly, it is not necessarily the case that there are ‘senior-
friendly interfaces’ for the breadth of services offered today. 
This may therefore also be considered to be a limiting 
factor.  

More recent evidence, on the other hand, suggests that 
the elderly do have challenges in using modern hardware 
and software. The authors of [33], published in 2015, 
describe that “… older adults face accessibility problems 
when using devices equipped with touchscreen” [33]. More 
recently again, the authors of [34] describe that, “Consistent 
with prior results, we found that older adults had longer 
target selection times, generated higher error rates, and 
encountered a broader range of selection difficulties …” 
[34]. 

Online crime which targets the elderly 
Feeling out-of-touch with technology can be further 
amplified by the fact that many become victims when 
online. A study in 2017 on approximately 42,000 citizens 
across America concluded that approximately 1 in 18 older 
adults with full cognitive capacity are victims of financial 
fraud and scams [38]. This figure could be much larger, with 
an estimation that only 5% of scams are reported [39].  

In conclusion, some of these barriers to technology 
uptake, such as gender, cannot be overcome. Furthermore, 
the role played by gender on subsequent education and later 
employment might prove to be a longer-term problem to 
solve (Figure 1). Contributions can be made, however, 
towards others. Available finance can be impacted either 
directly, through employment, or indirectly, through 
reduced cost of devices and/or services. In doing this, the 
subsequent reactions can also benefit, such as improved 
social activity, improved health, and so on.  

4. Quality of Experience (QoE) for elderly
users
Quality of Experience (QoE) is commonly referred to in 
relation to telecommunication services as the satisfaction 
which a user receives. It is typically an estimate of how 
satisfied a user is with the latency they are exposed to when 
operating an online system, or the impact of the achievable 
data rate on the quality of their application transmission. 
However, we additionally suggest that QoE is impacted by 
more social factors, which might be considered to include 
the finance required to support a service. To this end, it is 
suggested that by influencing the finance required, this can 
improve QoE and subsequently heighten service value 
through positive impact on social and physical activity, and 
health. We therefore suggest that ‘Finance’ in Figure 1 is 
replaced with ‘Value’ (Figure 2). In addition, 
‘Gender/Education/Employment’, the factors believed to 
influence the extent to which citizens participate in online 
services, are replaced with ‘Engagement’. By increasing the 
value of a service, which we position as arising from 
reduced cost in the case of elderly citizens, we anticipate 
subsequent positive consequences on feelings of inclusion 
in society, loneliness, social and physical activity, health, 
and engagement in life. 

Figure 2. Factors Impacting the Elderly in 
Technology Use 

EAI Endorsed Transactions on 
Cloud Systems 

05 2020 - 09 2020 | Volume 6 | Issue 18 | e3



C. Peoples, A. Moore and M. Zoualfaghari

6 

5. Why is improving inclusivity
important?
Inclusivity of the elderly in general is gaining increasing 
traction, and is promoted by different organizations. The 
Chatty Café Scheme [48], for example, is supported by 
Costa Coffee [49] and Cadbury is donating money to Age 
UK in recognition of just how isolated some are [50] [51]. 

IoT and the elderly is a research topic which is currently 
under investigation. However, when we consider 
technology, or the IoT, and the elderly, a number of the 
solutions involve its use to support independent living, as in 
[43] to [46]. There is, however, potential for the elderly to
use IoT technology in alternate ways to improve their 
quality of life. State-of-the-art in technology solutions do 
not consider that the elderly may use technology to support 
the wider aspects of life, including their social needs.  

Being older doesn’t mean that users want to rely on 
others any more than other age groups. For some 
participants of the survey, “… asking someone else to do 
something online for them … generated negative emotions 
and participants said they worried about being a nuisance 
or feeling ashamed and embarrassed to ask” [17]. Some 
older users of the internet accept that they need help with 
online services. Related to this, however, it is significant to 
note that when gathering findings to support definition of 
the Wellbeing Index by Age UK, “higher intensity 
helping/caring has a negative effect on wellbeing, while 
lower intensity helping/caring has a positive effect” [47]. 
Where the user relies on another completely to support their 
online activity, this may have a potentially negative and 
damaging impact.  

It is for this reason we firmly believe that making these 
services available and accessible for older users can have a 
positive longer-term effect. This should be achieved in a 
manner which supports self-use as much as possible. Where 
elderly citizens are aware that their activities are being 
observed and monitored for the positive, we view this as 
being a part of “higher intensity helping/caring”. 
Empowering elderly citizens to utilize the services 
themselves, on the other hand, we view as “lower intensity 
helping/caring”.  

6. Conclusions and further work
Improving online inclusivity of the elderly is difficult, given 
that there is a general lack of awareness of what they are 
missing out on, and the positive impacts which can be 
introduced by being online. Studies have found that there is 
a lack of awareness and understanding, which leads to 
misconceptions; some feel that this is an environment that 
they don’t need to belong to. More tangible aspects can also 
be off-putting, including impact on their safety and privacy, 
and cost and ease of access.  

There is more at risk for those who are not connected 
than ever before: With increasing prevalence of a cashless 
society for example, this can leave those who have not 
integrated technology into their lives in a vulnerable 

position. Furthermore, governments and businesses are 
increasingly moving their services online. Anyone who 
doesn’t participate in online services is therefore at risk of 
being left behind.  

SLA negotiation considers aspects which include data 
rate and platform availability when agreeing on an 
acceptable service for a customer. Human factors are not 
commonly considered. In this paper, a number of human 
factors that specifically relate to the elderly have been 
discussed, and future work will involve incorporating these 
into SLAs.  
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