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Abstract

Background: Understanding users' digital interface capability is crucial for designing in-
terfaces that they can use effectively. This is particularly relevant when designing for user 
populations that may include older people, where important digital technologies often 
have limited uptake. Previous surveys have examined levels of technology access and use 
across the population, but this is only part of the picture.
Objective: This study aims to increase the understanding of how digital interface capability 
varies across the population. This can help designers to develop more inclusive interfaces, 
and inform policy makers and other stakeholders in their decisions.
Method: A survey was conducted in 2019 with 338 adults across England and Wales. It 
examined a range of user characteristics including digital technology access, technology 
experience and attitudes towards technology. Simplified paper prototype testing was used 
to assess actual performance on common basic interface patterns, such as accessing a 
drop-down menu and returning to the previous screen via a back arrow.
Results: The survey found that technology access, use, attitudes and competence all de-
cline with age. These characteristics all have low levels in older age groups, particularly 
among those aged 75 and over. In particular, 44% of those aged 75+ got none of the eight 
basic interface tests correct.
Conclusion: It is important not to assume that end users are familiar with digital interfaces 
and specifically interface patterns, including those in common use today. This is particu-
larly important when designing for target groups that include older people. Particular care 
should be taken with patterns that are different on smartphones than on laptops, such as 
bringing up an onscreen keyboard. It is also important to take into account that many older 
people have low levels of willingness to explore an unfamiliar interface and may need 
clearer guidance on how to navigate an interface.
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O r i g i n a l  R e s e a r c h

IntroductIon
Digital technology use is increasingly important for 
engaging in daily life and participating in society. 
Many services are now primarily accessed online 
or involve using digital interfaces. This includes 
many government information, banking, shopping 
and healthcare services. Furthermore, technology 
offers great potential for enhancing social engage-
ment and quality of life (Rogers et al, 2020).

However, this potential will only be achieved if 
people can actually use a technology effectively. 
Indeed, an inability to use digital public services 
can lead to economic, psychological and social 
harm (Schou and Pors, 2018). This is particu-
larly relevant when designing for older popula-
tions, which have lower levels of technology use 
and competence (Office for National Statistics, 
2020; Hargittai et al, 2019). There is also the 
risk of technology use itself causing harm, e.g. 
through cyberbullying or online theft (Blank and 
Lutz, 2018). Nevertheless, technology still has 
enormous potential to benefit people, including 

older people (Blank and Lutz, 2018), especially if 
it is designed inclusively to match the needs and 
abilities of the users.

The term “digital exclusion” is often used to refer 
to “the situation where people cannot participate 
in society due to either lack of access or inability 
to use digital technologies” (Park and Humphry, 
2019). Indeed, the ability to use a technology 
goes beyond issues of access to include experi-
ence, attitudes, skills and capabilities (van Dijk, 
2005; Goodman-Deane et al, 2020b). However, 
as Fourman et al (2015) say, “motivation and skills 
are hard to measure, so quantitative studies often 
focus on the access divide”. Therefore, the term 

“digital interface exclusion” is used in this paper to 
emphasize that someone is excluded from using 
a technology even if they have access to it, if they 
are unable to use its interface effectively.

It is thus extremely important to design interfac-
es that are easy to use for a wide range of people 
with different technology experiences, attitudes 
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and capabilities. To do this, it is necessary to un-
derstand how these characteristics vary across 
the population and how they impact interface 
use. This paper aims to increase this understand-
ing in order to equip designers to develop more 
inclusive services, particularly when their target 
user group includes older people. Services may 
be more inclusive because they have more us-
able interfaces or because they provide alterna-
tive methods of non-digital access or interaction, 
such as phoning a helpline or talking to a service 
assistant. The study described in this paper in-
creases this understanding of users by examining 
a range of characteristics, including technology 
access, experience, attitudes and competence. 
This helps to provide a more holistic view of peo-
ple’s ability to interact with digital interfaces. The 
paper also provides an improved understanding 
of people’s competency at the basic skills in-
volved in using digital interfaces, by directly as-
sessing these skills rather than relying on proxy 
measures or self-report. Initial top-level results 
from the survey were previously published in 
(Goodman-Deane et al, 2020a).

Factors affecting digital interface exclusion
Digital interface exclusion arises due to a mismatch 
between the product’s attributes and the user’s 
characteristics, within the context of use (Figure 
1). These user characteristics extend beyond ba-
sic user capabilities to include technology access, 
technology experience, intentions, attitudes, learn-
ing and competence on component tasks (Wagner 
et al, 2010; Goodman-Deane et al, 2020b).

This is related to work on Technology Accept-
ance Models (e.g. Barnard et al, 2013), originally 

proposed by Davis (1989), which identify factors 
affecting technology adoption. However, digi-
tal interface exclusion differs from technology 
adoption in its focus on how technologies and 
their interfaces are used in practice. For example, 
a user may adopt a technology but not be able to 
use all of its features effectively. They may there-
fore be excluded from parts of the service that it 
offers. Although similar types of factors are in-
volved, they are not identical and may play a dif-
ferent role. It is important to consider this range 
of factors in order to understand digital interface 
exclusion and how it varies between users. The 
study described in this paper aims to support this 
by providing data on this whole range of factors. 

Ageing and digital competence
Digital competence refers to a person’s capabil-
ity to use digital interfaces. Previous work has 
shown that many of the factors affecting digital 
competence vary with age. In particular, popula-
tion based surveys have found that technology 
use decreases with age (see, for example, Office 
for National Statistics, 2020). Other work has 
shown lower levels of digital competence in the 
older population (e.g. Hargittai et al, 2019).

This is partly a result of changes in physical, senso-
ry and cognitive capabilities, including fluid intelli-
gence and the ability to learn new skills (Hawthorn, 
2000). Differences in prior technology experience 
and knowledge may also contribute (O’Brien et 
al, 2012). Motivation and attitudes also play a part, 
and older people are also more susceptible to “dig-
ital disengagement”, where people stop or reduce 
their technology use after being more regular us-
ers (Olphert and Damodaran, 2013).

The experience of ageing has changed in recent 
years, with improvements in healthcare and as-
sistive technology and greater integration of tech-
nology into daily life. In particular, many older 
people now have at least some prior experience 
with computers. However, there are still many 
challenges for older adults in engaging with tech-
nology (Czaja and Weingast, 2020).

While these age-related differences are well-
established, individuals’ characteristics, popula-
tion composition and interface paradigms vary 
greatly over time. Therefore, there is value in re-
examining age-related differences as in this pa-
per, particularly in relation to interfaces that are 
currently in common use, such as smartphones, 
touch screen devices and tablet computers.

Measuring digital competence
Various population-level surveys examine tech-
nology access and use. For example, the ONS 
Internet Access surveys (Office for National Sta-
tistics, undated) and the Global Attitudes Surveys 

Figure 1. Model of digital interface exclusion 
(adapted from Goodman-Deane et al, 2020b)
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(Pew Research Center, undated) ask participants 
about their technology access, frequency of 
technology use and the types of technology ac-
tivities they do. This information provides a use-
ful baseline. If someone lacks access to technol-
ogy, then they will be excluded from interacting 
with many digital services. Furthermore, current 
use is an indicator of the kinds of technologies 
and applications that people are familiar with 
and relatively happy to use.
 
However, as described in Factors affecting digi-
tal interface exclusion, there are many other 
factors affecting digital competence. Thus, there 
have been various efforts to measure digital com-
petence more directly. However, many of these 
focus on fairly complex ICT skills among youth or 
working age adults (see, for example, Ainley et al, 
2016). Indeed, Law et al (2018, p6) define digital 
literacy as “the ability to access, manage, under-
stand, integrate, communicate, evaluate and cre-
ate information safely and appropriately through 
digital technologies for employment, decent jobs 
and entrepreneurship”.

One notable example of this work is the OECD’s 
international survey of digital skills (OECD, 2016), 
which used ICT tasks on a computer. However, 
the survey only included adults of working age 
and those reporting no prior computer experi-
ence or failing on a core ICT test did not do the 
computer skills module. In addition, the tasks 
were relatively complex and the results were 
banded into broad levels. This makes it difficult 
to determine participants’ competency at the 
basic skills involved in using less complex inter-
faces, or carrying out less complex tasks.

Some research has looked at measuring digital 
literacy amongst older adults. Oh et al (2021) re-
view work in this area, identifying the eHealth 
Literacy Scale (eHEALS) as “the most frequent-
ly used instrument to measure digital literacy 
among older adults”. eHEALS asks participants 
to self-report their ability to do various e-health 
tasks, such as knowing “how to find helpful 
health resources on the Internet” (Norman and 
Skinner, 2006). More general instruments are 
the Computer Proficiency Questionnaire (CPQ) 
(Boot et al, 2015) and the related Mobile Device 
Proficiency Questionnaire (MDPQ) (Roque and 
Boot, 2018), which ask about ability on a wider 
range of digital tasks. These measures provide 
valuable information, but are based on self-
report rather than actual performance. Further-
more, they examine overall ability rather than 
individual interface components and patterns.
 
Another approach is to examine knowledge 
of common computer symbols or terms, as in 
the Computer Literacy Scale (CLS) (Sengpiel 

and Dittberner, 2008) and Hargittai and Hsieh 
(2012)’s measure of web-use skills. The CLS was 
influential in the design of the digital compe-
tence tests in the survey reported in this paper. 
However, the scale itself was not used because 
it was felt that the symbols in it were not as rel-
evant to more recent touchscreen interfaces, and 
that providing the symbols in more context elic-
its more realistic responses than asking about 
their meaning in isolation.

The study described in this paper adds to the 
previous work by assessing basic aspects of digi-
tal competence directly using a simplified paper 
prototyping method.

Interface patterns
Alexander (1979) proposed the idea of patterns 
to capture the knowledge underlying successful 
solutions to common architectural design prob-
lems. There are various pattern definitions but 
they are all centre around describing a proven 
solution to a recurring problem in a given con-
text (Wilkins, 2003). Interface patterns, or interac-
tion design patterns, apply the idea of patterns to 
digital interfaces. They potentially offer interface 
designers a way to efficiently reuse solutions to 
interface problems, and may provide users with 
fewer types of interaction elements to learn in 
order to operate those interfaces. Patterns are 
often related to the standardization encouraged 
by style guides (such as Apple’s Human Interface 
Guidelines) which provide users with a consistent 
set of interaction elements with which they can 
become familiar. A very simple example of a digi-
tal interface pattern is a button with an ‘X’ on it 
which closes, removes or deletes when activated.

Previous work has indicated that prior experi-
ence with technology affects a user’s digital com-
petence (Blackler et al, 2010). Some of this prior 
experience informs users’ mental models for digi-
tal interface patterns, and thus the absence of this 
experience contributes to digital interface exclu-
sion (Bradley et el, 2018). Those who do not use 
technologies with digital interfaces often or at all 
are at a significant disadvantage when faced with 
an interface pattern that is both unfamiliar and 
not explicit in availability or function.

Digital interface patterns differ from those expe-
rienced in the analogue world in some signifi-
cant ways. Firstly, many digital interface patterns 
are constructed entirely on an electronic display 
screen, and so do not need to obey the laws of 
physics in their activation or response behav-
iours. Secondly, they are only experienced by 
people who use digital products and services, so 
people with low digital use do not develop men-
tal models for how they behave. Thirdly, they 
may hidden from view (Hosking and Clarkson, 
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2018), e.g. they may require the user to hover, 
gesture or click on something to make them vis-
ible. In fact, some patterns are entirely gesture 
based. These hidden patterns require experience 
for a user to suspect they may be available, let 
alone use them.

The work described in this paper examines peo-
ple’s ability to use common digital interface pat-
terns on a smartphone. This provides valuable 
insight into who can use these patterns and who 
is likely to be excluded from an interface which 
uses them.

Methods
The survey was developed by the authors and 
conducted by Cambridge Market Research, an 
independent market research company. The full 
questionnaire and dataset from the survey are 
available from an open access repository (Engi-
neering Design Centre, 2021).

Recruitment
Participants were recruited from across the adult 
population (age 16 and over). Most (328 out of 
338) participants were recruited on-street using 
a screening questionnaire to support quota sam-
pling. This was done in 9 locations across England 
and Wales covering the North East, North West, 
South West and South East of England, Yorkshire, 
East Midlands, West Midlands and Wales. The 
locations were chosen to gain a good spread of 
participants from across England and Wales. Se-
lected participants then completed the question-
naire in test centres at each location. Participants 

received a £10 high street shop-
ping voucher to thank them for 
their participation.

On-street recruitment is use-
ful for gaining a cross-section 
of the population, but under-
samples people who do not 
leave the house frequently. 
Therefore, an additional ten 
interviews were conducted 
with participants who reported 
that they left the house once a 
week or less. These participants 
were recruited through a third-
party recruitment agency, and 
were then interviewed in their 
homes by interviewers from 
the market research company. 
They received £20 in cash for 
taking part.

Sampling 
The study employed quota 
sampling with quotas on gen-
der, age, social grade, technol-
ogy experience and education 

as shown in Table 1. The quotas for gender, age, 
social grade and education were based on data 
from the UK 2011 Census (Office for National 
Statistics, 2011a). The education quotas were 
broader because much of the variation in the 
population was expected to be covered in the 
other quota variables. A quota was set on tech-
nology experience because it was particularly 
important for this study that the full range of 
technology experience was covered. This quota 
was based on data from Ofcom (2018) and Pew 
Research Center (2017), UK results.

The achieved frequencies for age, gender, social 
grade and technology use were fairly close to the 
quotas, as shown in Table 1. Although the fre-
quencies for education were broadly within the 
bands set for recruitment, they did not match the 
census data closely. Therefore, the results were 
weighted by broad education groups to match 
the census values shown in Table 1.

Table 1 also shows the demographic breakdown 
of the sample. Those aged 65+ are reported as 
a single group because this was the quota group 
used for the sampling. In more detail, 15.1% of 
participants were aged 65-74, 7.4% aged 75-84 
and 1.2% aged 85 and over. The total age range 
was 16-94 years old.

Piloting and ethics
The questionnaire was piloted informally during 
development by the authors. A further six pilot 
interviews were conducted by the market re-
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search company with participants with different 
technology experiences. As a result, the ques-
tionnaire was shortened slightly, the wording was 
modified and the section on attitudes to technol-
ogy was split into two to avoid participant fatigue.

Ethical approval was granted by the University of 
Cambridge Engineering Department ethics com-
mittee. Informed consent was obtained prior to 
starting the questionnaire and participants could 
withdraw from the study or decline to answer 
questions at any time without penalty. Data 
was stored and processed anonymously and in 
accordance with GDPR regulations. Two inter-
viewers were present at in-home interviews be-
cause some of these participants may have been 
more vulnerable. These participants were also 
offered the opportunity to have their own chap-
erone present if they desired.

Questionnaire  
The questionnaire took around 20 minutes to ad-
minister. It was kept short to encourage participa-
tion from a wide range of participants. In order to 
provide a more holistic view of people’s ability to 
interact with digital interfaces, it covered a range 
of factors that affect digital interface exclusion. It 
thus comprised modules on technology access 
and use, technology activities, attitudes towards 
technology, digital competence, capabilities (mo-
tor, sensory and cognitive) and demographics. This 
paper focuses on the modules of most relevance 
to understanding users’ digital interface capability.

Module A: Technology access and use
Participants were asked multiple-choice ques-
tions about their access to and frequency of use 

of various kinds of technol-
ogy. Questions were based 
on items in the Internet Ac-
cess Survey 2017 (Office for 
National Statistics, 2017) to 
allow for comparison with 
national statistics. This pre-
vious survey asked about 
computer and internet use. 
Similar questions were add-
ed about the use of mobile 

phones, smartphones and tablet devices.

Module B: Technology activities
Participants were first asked whether they had 
performed various technology activities in the 
last 3 months. A second set of questions then 
examined activities that are often performed less 
frequently or relate to a deeper knowledge of 
technology devices. Participants were asked if 
they had done these in last 12 months. Full lists 
of activities are given in Figures 6 and 7.

These questions and their construction were 
based on items in Office for National Statistics 
(2017). The specific activities mentioned were 
adjusted to match particular interests of the over-
arching research project (general technology use 
and technology for public transport).

Module C: Attitudes towards technology
Overall attitudes towards technology were ex-
amined using the ATI (Affinity for Technology 
Interaction) scale (Franke et al, 2018). This exam-
ines “whether users tend to actively approach in-
teraction with technical systems or, rather, tend 
to avoid intensive interaction with new systems”. 
The ATI scale comprises 9 self-report items with 
a 6 point response scale from “completely disa-
gree” to “completely agree”.

To explore attitudes further, some additional ques-
tions were added using the same response scale 
(Table 2). Items 1 and 3 concerned the partici-
pant’s willingness to explore an unfamiliar inter-
face, which is often important for successful use 
of a novel system. A mean of these two items 
gives a combined “willingness to explore” score. 
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Other items concerned confidence in using a new 
technology, self-reported ability to recover from 
errors and interest in technology for its own sake.

Module D: Digital competence
Module D assessed participants’ performance 
on 8 basic digital interface tests. In each test, the 
participants were shown a picture of a smart-
phone interface on a paper showcard and asked 
what they would do to achieve a particular goal. 
The interfaces are shown in Figure 2 and the 
goals are described in Table 3. In some cases, 
achieving a goal might require several actions. 
Participants were asked to indicate just the first 
action they would do, by gesturing on the show-
card. The interviewer coded each response as 
one of a set of predetermined options such as: 

Tapped on the plus symbol, tapped (or pressed 
and held) on the 6th July, Something else, Said “I 
don’t know” or Preferred not to answer. These 
pre-determined options were used to increase 
consistency in recording in a situation where full 
training of individual interviewers was not possi-
ble. Fuller descriptions of the tasks and response 
options and larger versions of the interface 
pictures can be found at: http://www.inclusive-
designtoolkit.com/digitalcompetence.

This simplified paper prototyping method was 
based on the method used by the authors in a 
previous survey to examine performance on mo-
bile phone menu interfaces (Bradley et al, 2012). 
This method was used to obtain a practical indi-
cation of digital competence while keeping the 

length and cost of the interviews 
down, enabling a larger sam-
ple size. The tasks were chosen 
to cover a range of basic smart-
phone interface patterns.

results
The analysis was conducted 
in SPSS and the dataset was 
weighted to better match educa-
tion levels in the population. All 
results reported in this paper use 
this weighting. Many of the re-
sults are presented by age group 
to examine the variation within 
the population. The 65+ age 
group is divided into two due to 
the large amount of variation in 
the older population.   

Figure 2. The interface pictures used in the tests: (a) a mock-up of a calendar application, (b) a map 
screen from Google Maps, (c) a location choice screen from Google Maps, (d) a mock-up of a website 
for finding accommodation. Larger versions of these pictures can be found at: http://www.inclusive-
designtoolkit.com/digitalcompetence

Figure 3. Access to various digital technologies by age group. Own-
ership of smartphones and mobile phones is used rather than gen-
eral access because these are personal devices
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Technology access and use
Results on technology access by age are shown 
in Figure 3. It is notable that a majority (69.0%) 
of those aged 75+ own some kind of mobile 
phone, while a much smaller percentage of this 
age group  have access to each of the other tech-
nologies examined (39.3% for computer access, 
30.5% for tablet, 34.7% for smartphone and 
34.7% for internet).

In the sample as a whole, 18.0% own a basic mo-
bile phone and do not own a smartphone. This 
is of relevance to the design of services that re-
quire a mobile phone connection (e.g. use texts 
or mobile phone calls) but do not require the full 
functionality of a smartphone.

Participants were also asked about the frequency 
with which they use technology (Figure 4). This 
provides a basic indication of their familiarity 
with these technologies, but not of the depth of 

their knowledge. Note the usage 
pattern for smartphones, where 
almost all participants use them 
either daily or never. Only 6.2% 
of the sample reported any in-
termediate frequencies, includ-
ing use in the past.

Technology use by age is shown 
in Figure 5. To allow a clearer 
graph, only use “every day or 
almost every day” is displayed.

Technology activities
The percentage of each age 
group engaging in various tech-
nology activities are shown in 
Figures 6 and 7. Figure 6 shows 
activities carried out in the last 
3 months. All of these activities 
were reported by over 40% of 
the sample as a whole. Internet 

search and e-mail were the most common activi-
ties with 74.8% and 73.2% respectively. A large 
age variation can be seen, with more than half 
(54.6%) of those aged 75+ not engaging in any of 
these activities, compared to only 4.3% of those 
aged 16 to 39.  

Figure 7 presents the results for a set of further 
technology activities that are often performed 
less frequently or relate to a deeper knowledge 
of technology devices. Participants were asked if 
they had done these in the last 12 months (see 
Section 2.4.2). As before, there is a large varia-
tion with age. 75.3% of those aged 75 and over 
had not carried out any of these activities, com-
pared with 7.4% of those aged 16 to 39. The per-
centages of those installing apps on smartphones 
is of particular relevance for the design of smart-
phone services. Only 15.2% of those aged 75+ 
and 33.1% of those aged 65 to 74 had performed 
this task in the last year.  

Attitudes towards technology
The means and standard devia-
tions for the attitude variables are 
shown in Figure 8. All of these 
variables decline with age, and 
the standard deviations indicate 
wide variation in all age groups.

ATI (Affinity for Technology 
Interaction) is a measure of 
personal resources for coping 
with technology, such as tech-
nology self-efficacy. Lower ATI 
values suggest lower resources 
and levels of engagement. The 
distribution of results is shown 
in Figure 9(a). Unlike previ-

Figure 5. Percentage of age groups reporting use of various digital 
technologies every day or almost every day

Figure 4. Breakdown of the frequency of use of various digital 
technologies
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ous studies (Franke et al, 2018), the results are 
not normally distributed but show a slight skew 
towards lower affinities. To explore this further, 
the distribution is shown for different age groups 
in Figure 9(b,c,d). The youngest age group’s re-
sponses (age 16-39) are skewed towards higher 
ATI values, while the other groups show a skew 
in the opposite direction, which is particularly 
marked in those aged 65+.

Digital competence
The proportion of each age group responding 
correctly to each of the 8 digital interface tests is 
shown in Figure 10. To calculate this, the research-
ers identified coded responses (e.g. “Tapped on 
the plus symbol”) that they determined were 
likely to result in successful achievement of the 
relevant goal. For this purpose, responses of 

“don’t know” were not considered to be correct. 
As well as indicating uncertainty, these responses 
may reflect a lack of willingness to explore an 
interface and, in practice, may result in the user 
giving up and failing to achieve their goal.

There was some difficulty cod-
ing the results for the search 
task. A large number (28.8%) 
of respondents did an action 
that was not one of the pre-
determined options. On further 
investigation, it seems likely 
that some respondents were at-
tempting to swipe through the 
interface to find the event man-
ually, rather than using the mag-
nifying glass icon. This could 
result in successful (though 
lengthy) completion of the task. 
As a result, caution should be 
exercised when interpreting and 
using the results for search.

The total number of tests done correctly (out of 
8) are shown in Figure 11. Due to the issue with 
the search task, participants with 7 or 8 tests cor-
rect can be considered to have a fairly high level 
of basic digital interface competence. This ac-
counts for 41.4% of the whole sample, but only 
12.4% of those aged 65-75 and 2.7% of those 
aged 75+. 36.6% of the sample scored 4 or less, 
indicating a low level of competence, and 20.9% 
had a very low level, with a score of 2 or less. 
These figures increase with age with 54.9% of 
those aged 65-74 having low and 36.1% very 
low competence. Among those aged 75+, a 
large majority (87.2%) had low competence and 
a majority (66.4%) had very low competence. 

Correlations with age and gender
Correlation analyses between the technology 
variables and age and gender were conducted 
using Spearman’s rank correlation coefficient 
as most variables were not normally distributed. 
They were performed 2-tailed with gender and 
1-tailed with age, as a decrease in technology 
variables with age was hypothesized. As age, 

gender and digital compe-
tence (see Section 3.6) were 
examined on each variable, the 
significance threshold was re-
duced from p<0.05 to p<0.01. 
The results of correlations with 
age are shown in Table 4. None 
of the correlations with gender 
were significant at p<0.01, ex-
cept for ATI (Affinity for Tech-
nology Interaction) which was 
rs =-0.165, p<0.01.

Correlations with digital com-
petence
Understanding what variables 
predict digital competence 
can provide further insight into 
digital interface exclusion. To 

Figure 6. Percentage of age groups engaging in various technology 
activities in the previous 3 months

Figure 7. Percentage of age groups engaging in advanced digital 
technology tasks in the previous 12 months
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facilitate this, the following key variables were 
selected or created:

• Access to technology: The number of technolo-
gies the participant has access to (out of com-
puter, internet, smartphone and tablet)

• Frequency of technology use: The number of 
technologies used on a daily basis (out of com-
puter, internet, smartphone and tablet)

• Range of technology activities: The total num-
ber of technology activities (out of 18) that the 
participant reported doing (Figures 6 and 7) 

• The ATI score 

• Willingness to explore an un-
familiar interface 

• Confidence in using a new 
technology

• Digital competence: The total 
number of interface tests done 
correctly (out of 8)

Table 5 shows how the first 6 
variables are correlated with 
digital competence. All have 
a significant correlation, al-
though the strength of the cor-
relation varies.

dIscussIon
Factors affecting digital inter-
face exclusion
In line with previous work (e.g. 
Wagner et al, 2010; Goodman-
Deane et al, 2020b), the survey 

found that many aspects were correlated with 
digital competence and thus with digital inter-
face exclusion. These include technology access, 
technology use and various attitude variables.

The strongest correlation was with the range of 
technology activities conducted recently. This 
may be because a wider range of activities ex-
poses the user to a wider range of interfaces and 
interface features. Previous work has suggested 
that “performance is affected by a person’s level 
of familiarity with similar technologies” (Blackler 

Figure 8. Mean values of attitude variables for different age groups. Error 
bars show standard deviation. The variables have been adjusted so that, 
in all cases, higher numbers correspond to more positive attitudes towards 
technology. Responses were given on a scale from 1 to 6, with a mid (neu-
tral) point of 3.5

Figure 9. Distribution of ATI results for: (a) whole sample, (b) 16-39 year olds, (c) 40-64 year olds, 
(d) 65+ year olds



10

Relating age & digital interface competence

et al, 2010). However, previous experience can 
hinder as well as help, especially if the new tech-
nologies work differently (O’Brien et al, 2012). 
The study in this paper examined performance 
on very basic interaction patterns that operate 
similarly on many different interfaces. In this 
context, technology experience is likely to help 
rather than hinder.

Attitude variables are also very important for suc-
cessful digital interface use. Reluctance to use a 
technology can lead to digital interface exclusion 
even if someone has access and ability. Various 
attitude variables were used in the study. In par-
ticular, ATI (Affinity for Technology Interaction) 
measures personal resources for coping with 
technology. This has been shown to have good 
reliability and correlate well with self-reported 
success in technical problem-solving (Franke et 
al, 2018). Another important variable is willing-
ness to explore, which examines willingness to 

try out things on an unfamiliar 
interface. This potentially has a 
strong impact on success with 
digital interfaces where users 
need to explore in order to 
learn how to use the interface 
and develop mental models of 
how it works.

The study found that all of the at-
titude variables were correlated 
with age (to different extents) 
but only ATI was correlated with 
gender. In comparison, Franke et 
al (2018) found a weak correla-
tion between ATI and age (r=-
0.17, p=0.012). The correlation 
in the current study was much 
stronger and more significant 
(rs =-0.485, p<0.01). This could 
be because the current study 

included a quota on technology use to ensure a 
good representation from people with low levels 
of technology experience. This helps to reduce 
the self-selection bias whereby people with low 
attitudes towards technology are less likely to take 
part in a survey about technology. Franke et al 
(2018) also found a significant correlation between 
ATI and gender, in agreement with our survey.

Technology access and use also declined sig-
nificantly with age. This is in agreement with 
previous work (e.g. Office for National Statistics, 
2020). There are various possible reasons for this 
decline, including lack of motivation, lower self-
efficacy and digital disengagement. In contrast, 
there was no correlation between these variables 
and gender. In comparison, some other studies 
have found gender differences in technology use 
(OECD, 2018). However, this varies greatly be-
tween different countries and is linked to income, 
education and socio-cultural factors. In fact, the 

OECD (2018) report little differ-
ence between men and women 
in the UK in terms of the propor-
tion using the internet. Similarly, 
Hargittai et al (2019) stated that 
they found “no significant skill 
differences [in internet skills] 
among men and women” in 
their sample of older adults in 
the US. However, it is important 
to recognise that our results are 
specific to the UK, and other 
countries do have gender dif-
ferences in terms of technology 
use and skills.

Digital competence
The survey found great variation 
in levels of digital competence. 

Figure 10. Performance on each of the interface tasks by age group. 
Note that a problem emerged with recording the results of the 
Search task, and caution should be exercised in interpreting those 
results

Figure 11. Number of interface tests performed correctly by age 
group
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37% of the sample scored 4 or less on the digital 
competence tests, indicating that they are likely 
to struggle on many smartphone (and other) inter-
faces. In fact, 21% scored 2 or less and are likely 
to find things extremely difficult. In contrast, 41% 
scored 7 or 8, indicating a fairly high level of basic 
digital competence. It should be remembered that 
the interface tests were very simple, and thus a 
score of 7 or 8 does not necessarily imply a high 
level of competence at using more complex inter-
faces. These results show that low digital interface 
competence is not a niche issue but one that af-
fects large numbers of people.

Digital competence was significantly correlated 
with age. This agrees with other work on digital 
competence, which used self-report measures 
and symbol recognition tests (e.g. Roque and 
Boot, 2018; Hargittai et al, 2019). This survey 
adds to previous work by examining actual per-
formance on basic interface tasks.

The very low levels of performance in older age 
groups are particularly notable, especially in 
those aged 75 and over. 36% of those aged 65-

74 and 66% of those aged 75+ got 2 or fewer 
tests correct, indicating very low digital compe-
tence. In fact, 17% of those aged 65-74 and 44% 
of 75+s got no tests correct at all. In comparison, 
just 5% of those under 40 scored 2 or less, and 
only 1% got no tests correct. The results highlight 
a huge disparity in digital interface competence 
between younger and older age groups.

Examining digital competence directly provides 
a fuller understanding than just looking at tech-
nology access or use. Simply looking at the latter 
can give an overly positive picture of older adults’ 
digital capabilities, especially if (as is commonly 
done) those aged 65+ are considered as a sin-
gle age group. For example, the survey in this 
paper found that 41% of those aged 65+ used 
the internet daily or almost every day. However, 
only 33% scored 5 or above (out of a possible 8) 
on the performance tests, indicating a moderate 
or high level of digital competence. This figure 
drops to 13% in those aged 75+.

In contrast to age, there was no correlation be-
tween digital competence and gender. This is in 
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line with the findings on technology access and 
use and with Hargittai et al (2019)’s work on digi-
tal competence.

Measuring digital competence
The survey used a simplified paper prototyping 
method to measure basic digital competence. 
This method has both advantages and disadvan-
tages compared to testing on real interfaces. On 
the negative side, it does not replicate certain 
gestures very well, such as swipe or press and 
hold. In addition, it does not allow the user to 
explore an interface and try out different actions. 
This can be mitigated to some extent by careful 
selection of the tasks that participants are asked 
to do. For example, in the survey, tasks were 
chosen in which success was largely dependent 
on a single tap of something currently visible on 
the screen. Further work has explored how well 
these prototype tests correspond to performance 
on real interfaces, with initial results indicating a 
good correlation between these. There are also 
some advantages to the method. In particular, it 
is simple and can be rolled out large-scale in on-
street surveys without specialized equipment.
 
As such, it may be more comparable to the use 
of questionnaire scales. Some of these ask partic-
ipants to self-report their ability on digital tasks 
(see Oh et al, 2021). This enables the exploration 
of a wider range of and more complex technol-
ogy tasks. However, it relies on self-report and 
does not provide the detail on individual inter-
face components which is valuable for informing 
design. Other questionnaires ask about knowl-
edge of computer symbols and terms (e.g. Seng-
piel and Dittberner, 2008; Hargittai and Hsieh, 
2012). While valuable, these provide a less direct 
assessment of digital competence and require 
participants to recall symbol meanings out of the 
context of an interface.

Addressing digital interface exclusion
The results on the individual performance tests 
indicate people’s level of familiarity with some 
common interface patterns that form the basis of 
many digital interactions. By examining which of 
these patterns are present in a particular digital 
interface, we can use this data to build an un-
derstanding of who is likely to struggle with the 
interface and why (Bradley et al, 2018).

The levels of success on the individual tests 
vary, with 82% of the whole sample getting the 
backtracking test correct compared to 54% on 
the onscreen keyboard task. Levels of success 
on all tests are lower in older age groups, but 
the differences between tests are still apparent. 
39% of those aged 75+ went back to the pre-
vious screen correctly, while 10% activated the 
onscreen keyboard correctly. It is thus important 

not to assume that because simply someone can 
use one interface pattern that they will also be 
able to use a different one. This applies even if 
those patterns seem to be of similar complexity, 
at least to a tech-savvy designer.

The reasons for the performance differences be-
tween tests are uncertain. Some patterns may 
be more intuitive than others. Another consid-
eration is that some interface patterns (e.g. back-
tracking) are common on many digital devices, 
while others (e.g. onscreen keyboards) are only 
used on touchscreens. The former may be more 
familiar to people who have used computers 
but not touchscreens such as smartphones. This 
applies particularly to older people – 27% of 
those aged 75+ reported never having used a 
smartphone but had used a computer at some 
point, compared to 14% of the population as 
a whole. As a result, we suggest that particular 
care should be taken with patterns that are dif-
ferent on smartphones than on computers, such 
as bringing up an onscreen keyboard.

The data on basic digital competence could be 
combined with the results on attitudes and the 
technology activities that participants have per-
formed to estimate the numbers likely to be exclud-
ed from more complex interfaces. Work on devel-
oping a method to do this is currently underway.

Limitations
There were some issues with coding the re-
sponses to the search task, meaning that caution 
should be exercised when interpreting the re-
sults for this task. As a result, the pre-determined 
response options to this task have been modified 
in later versions of the questionnaire.

Another limitation is the small size of the sample 
(n=338). Nevertheless, the use of quota sampling 
on a variety of variables means that the survey 
has good population coverage and is as repre-
sentative as possible given its size. Thus, it can 
provide a good indication of how the factors af-
fecting digital interface exclusion vary across the 
population. A revised version of the question-
naire is currently being used in larger samples 
across various European countries to provide 
more reliable data. Conducting the survey in a 
range of countries will also provide insight into 
how technology experience and competence 
vary between countries. It is expected that re-
sults will be very different in countries with dif-
ferent levels of education and development.

The fast pace of technology change also presents 
an issue, as survey results rapidly become dated. 
Nevertheless, these results can help designers to 
understand the current situation. The question-
naire has also been designed to be relatively 
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simple and quick to administer, so that it can be 
used in the future to obtain updated information. 
In addition, it incorporates questions from other 
surveys that are conducted on a population level 
on a regular basis (e,g, Office for National Statis-
tics, undated). It may be possible to use the data 
from new versions of these surveys to examine 
how aspects in this survey change over time.

conclusIons
This paper presents results from a survey that 
examined various factors that affect digital inter-
face exclusion, including direct measures of ba-
sic digital competence. It found that surprisingly 
large proportions of the population have low 
or very low digital competence (37% and 21% 
respectively). Technology access, use, attitudes 
and competence all declined with age, with par-
ticularly low levels in those aged 75 and over.

It is thus important not to assume that users are 
familiar with digital interface patterns, especially 
when designing for target groups that include 
older people. This includes basic interface pat-
terns that are commonly used in digital inter-

faces today. Particular care should be taken with 
patterns that are different on smartphones than 
on desktop computers, such as bringing up an 
onscreen keyboard. It is also important to take 
into account that many older people have low 
levels of willingness to explore an unfamiliar in-
terface. For example, interfaces could guide us-
ers clearly through tasks rather than expecting 
them to try things out to learn what they do and 
how they function.

In further work, the survey results have been 
used to develop a set of personas to help design-
ers understand the range of users’ technology 
experience and competence (Goodman-Deane 
et al, 2021). In addition, a revised version of the 
questionnaire used in this survey is currently be-
ing conducted in other European countries as 
part of the Dignity project (Isinnova, undated). 
This provides a wider picture of digital exclusion. 
Further work will develop methods for assess-
ing the level of digital exclusion of an interface 
based on how many people in the population 
lack the access, experience, attitudes and com-
petence to use it successfully.
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