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ABSTRACT
The personal computer (PC) has been around for more than 35
years by now. Today, we �nd early adopters of the PC who have
been using computers at home for 25 or 30 years and are now
themselves in their eighties or nineties. Despite this there is still
a lot of research focusing on how to introduce and teach the use
of information technology to older people. In this paper we argue
that it is time for a shift to designing for digital seniors, i.e., older
long-time computer users. Over time this will be the dominating
user group and we need to design for continued use of IT rather
than guiding older computer novices. The paper also presents the
concept Gracefully adaptive user interfaces and provides a case
study in the form of a prototype re-design of Facebook aimed at
exploring and illustrating how designing for digital seniors can be
approached.

CCS CONCEPTS
• Human-centered computing → Human computer interac-
tion (HCI); Graphical user interfaces; HCI theory, concepts
and models;
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1 INTRODUCTION
In 1984, Apple introduced theMacintosh personal computer market-
ing it as “the computer for the rest of us”. Microsoft released the �rst
version of the Windows system in 1985. This means that the per-
sonal computer (PC), as we know it, has been around for more
than 35 years by now, and it was developed by people who are
now in their sixties and older. Today, we �nd many early adopters
of the PC who have been using information and communication
technology (ICT) for various purposes at home for 25 or 30 years
and are now themselves in their eighties or nineties. In a few years
people who have spent their entire working lives in the era of digi-
tal computers will start retiring. Inspired by Quan-Haase et al. we
refer to these older long-time users of ICT as digital seniors [26].
While the population of digital seniors is constantly growing, a lot
of the work related to ICT and older adults still focuses on how to
design technology that can be adopted by older adults with little or
no skills of using ICT. In addition, although research on Human-
Computer Interaction and aging have been conducted for some
time, and laboratory studies on what adjustments might be made to
accommodate older users’ changed cognition have been performed
[38] this perspective gives little information on everyday obstacles
in real life ICT-use among older persons [41]. There is a need for
in-situ research concerning older, computer literate, persons’ use
of ICT. Thus, we believe it is time for a shift of focus to study
the research question:

How can we design systems that suit the needs of digital seniors, i.e.,
older long-time users of information technology, when their cognitive
and physical abilities are a�ected by age?

In order to start �nding answers to the above question, we are
working on ways to create user interfaces and systems that will
facilitate for users to continue to carry out the core ICT func-
tions they are used to even if they can no longer take advantage
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of all the features available in the system. The kind of users we are
aiming at can be illustrated by the following scenario:

A few years ago, Alfred, today 86 years old, was a very active com-
puter user who used e-mail, Facebook, managed his photos digitally
and tried to keep up with the latest news. He had recently bought
a new laptop to replace the stationary PC he built for himself some
years ago, which was getting a bit sluggish. Although his advancing
age, and declining senses such as reduced eyesight, made using the
PC slightly more complicated, Alfred still enjoyed the new freedom of
being able to access his data and contacts anytime anywhere. Then
he started to experience problems remembering how things worked,
what the purpose of all the buttons and menus were, what to do next
to ful�l a task and so on. He also started to experience problems in
his daily life. After a while he was diagnosed with dementia. Even if
Alfred tried to help the situation by writing memory aids and attach-
ing sticky notes with instructions to his computer it was as if using
technology just did not work. The laptop Alfred had customized to
suit his needs felt alien, overwhelming and confusing, logging into
Facebook was impossible and sending and receiving e-mail just didn’t
work. Since Alfred feels how he is losing his technology skills but not
his wish to communicate with others and take part of what’s going
on, the situation is now very frustrating and contributes to creating a
feeling of isolation. Alfred wants to reach out to his old network but
cannot make it as he is hindered by the complexity of the systems he
once used to master. And it seems like there is no way to make things
simpler to allow him to focus on the things he really needs.

To investigate how to support digital seniors like Alfred, we
introduce the concept of gracefully adaptive user interfaces
(GAUI:s). By a gracefully adaptive user interface we mean a system
that can be gradually simpli�ed and adjusted to �t the needs of
users with declining cognitive and physical abilities. The goal is that
digital seniors should be able to continue to perform the tasks
they are used to in a way they can handle despite any possible age-
or health-related loss of capability. The approach is feasible due to
the �exibility that can be built into ICT. Contrary to a physical
product, a software system does not need to be static or designed
for one type of user only but can adapt over time and adjust to
the speci�c needs required by various kinds of users. The gain of
introducing GAUI:s is that the growing group of older adults that
use ICT, in particular for communication, will be enabled to do so
for an extended period of time, without a need for learning new
systems speci�cally built for older users.

The contributions of this paper are threefold: (i) the introduction
of, and the argumentation for, the focus on designing for digital
seniors rather than �nding new ways to teach the older population
about ICT, (ii) a general description of gracefully adaptive user in-
terfaces based on multi-layer design (iii) the description of the case
study Klara Facebook, which illustrates one particular realization
of a GAUI along with some preliminary evaluation results.

2 BACKGROUND
2.1 Aging and Technology
As we grow older, our mental and bodily functions change. What
type of aging symptoms a person gets is very individual [10] but can
roughly be divided into four types: chronological aging, biological
aging, psychological aging, and social aging [39]. The consequences

of the natural process of aging are among other things deteriorated
eyesight and hearing, changes in memory, slower speed of process-
ing, less precise motor skills and drier skin [3]. All of these might
have an impact on ICT use. Beyond this normal and “healthy” aging
process, old age can also bring a number of diseases such as demen-
tia, stroke, etc., which then further limits our abilities. Aging and
technology has been studied from several angles. Within the area
of psychology, for instance Van Gerven et al. [37] present a com-
bination of psychological theories that can help when designing
technology for seniors and Wagner et al. [40] provide a thorough
literature overview of the �eld while Czaja et al. [9] attempt to
categorize factors predicting technology use. From an HCI angle
Quan-Haase et al. [26], interviewed seniors to explore how they
use communication technology in their daily life and Reeder et al.
[27] created two personas modelling the oldest users intended to
support design.

2.1.1 Cognitive Problems. The focus of the present paper is on
supporting e�ects of cognitive problems caused by aging. The most
common cognitive problems connected to using digital interfaces
are attention, working memory, and long-term memory [10].

Attention is a common problem when getting older and can give
problems when using more complex interfaces. There are a few
types of attention, for example, selective attention, the ability to
focus on stimuli and disregard other stimuli that are irrelevant, and
divided attention, to process two or more tasks/information at the
same time [14]. In general researchers agree that selective attention
decreases by age, however, it is debated whether this is also true
for divided attention [14, 15]. Divided attention problems seem to
occur among elders when the tasks are complex, but not for simpler
tasks. The cause of the problems is debated [14, 15].

Working memory is the process of holding items in the short-
termmemory and at the same time process these items, for example,
repeating a few digits backward [14]. This includes common ev-
eryday tasks like problem-solving and decision making. Working
memory is getting worse when aging [14]. The big problem with
reduced working memory is that together with reduced attention
older people have a harder time remembering how to do a chain
of actions to complete a task, especially if the chain is more than
three actions long [10].

The long-term memory is used when remembering information
that is stored for longer than 60 seconds [15], and is, for example,
present when completing a chain of actions to perform a task [10].
When the long-term memory is getting worse a user has a harder
time performing a chain of actions without getting help with what
to do next [10].

2.2 Universal Design and Usability
The core idea of Universal Design is that products, environments,
programs and services should to the greatest extent possible be
designed to be usable by everyone without any special adaptations
or changes [28, 33]. Universal design was �rst described by Mace
in the late 1980s and is also known as Design-for-all and inclusive
design [33]. Universal design is governed by 7 principles [33] de-
scribing its main ideas. The �rst principle is “Equitable Use: The
design is useful and marketable to people with diverse abilities.” The
principles are further explained in a number of guidelines where
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part of the guidelines says that one should strive for an appealing
design using the same means for all users [33].

A related term used in the realm of ICT is Universal Usability
[30]. The goal of Universal Usability is the same as that of Universal
Design, i.e., to design systems which enable the largest possible
group of users to successfully use ICT [21]. Shneidermanmeant that
Universal Usability would be reached when 90% of the households
could successfully use ICT once a week [30]. Today, 95% of all
persons above 8 years old in Sweden use the Internet daily [2], so
in some sense the goal has been reached. However, there is still
work to be done on how to best adapt ICT for all [21]. One of the
approaches mentioned by Meiselwitz et al. [21] is the use of Multi-
Layered Design [31], an approach where an application is from the
start designed to enable optimization for diverse users (see section
2.4).

2.3 Adaptive and Adaptable User Interfaces
According to Miraz et al. the key to accessibility for all the diverse
types of users of ICT lies in adaptation or plasticity of user inter-
faces [23]. Plasticity here indicates the inherent property of ICT
to adapt, conform and mould itself to the needs of the end user.
Stephanidis summarises adaptation as balancing the needs of (i)
the type of information to be displayed; (ii) the level of interaction
and (iii) the source of knowledge adaptation [34]. There are two
main approaches to designing plastic user interfaces, namely adap-
tive and adaptable systems. An adaptive system attempts to adjust
automatically to the expected needs of each user. Typically, this
involves a user model and an adaptation strategy [4]. The general
idea of user modelling [4] is that by keeping a model representing
the user’s characteristics, interests, etc. applications will be able to
better serve the needs of the individual user. Typical features of
user modelling systems include the use of stereotypes to cluster
users into groups and keeping track of the users’ activities [17].
For an overview of the use of user modelling in human computer
interaction see [12]. An adaptable interface provides e�cient means
to let the user do the customization of the application. A problem
with adaptive interfaces can be that the user might feel lost, not
knowing what happens and it is therefore important to �nd mecha-
nisms that let the user stay in control [32]. Akiki et al. [1] present
an overview of model-driven adaptive systems as well as a set of
criteria to evaluate the strengths and shortcomings of the state of
the art. An example of the use of an adaptive approach speci�cally
intended to support older users can be found in [19].

2.4 Multi-Layered Design
An application based on multi-layered design (MLD) includes two
or more interfaces or layers, each containing a predetermined set
of functions [7, 8, 31]. The idea behind the concept is to gradually
increase the complexity and number of features available in a sys-
tem to facilitate for new users and �t it to individual needs. An
MLD application starts with only the basic features available and
new features can be introduced over time as the user becomes more
advanced and needs to be able to do more complex things. Moving
towards the use of more, or di�erent, features, means to move to
another layer. A parallel can be drawn to games where players
often advance to a new layer when they have mastered the present

one. An example of a multi-layered user interface is given in Fig.
1. It shows an image viewer application [7] where the complexity
and number of features can be adapted to �t the needs of the user.

Figure 1: Top: the multi-layered image viewer with all fea-
tures on, including organizing editing and sharing images.
Bottom: only the basic feature to search and browse through
available images.

A few di�erent ways of structuring the features of an application
into layers have been suggested [31]. One way is to start with a
few functionalities in a base layer, and then add roughly the same
number of additional functionalities with each new layer, see Fig.
2 (c). Another approach is to use fewer layers but let the number
of functionalities that are added increase with each layer, see Fig.
2 (b). A third version is to have a few thin layers building up the
foundation followed by a few layers on the same level with di�erent
contents, which forms a mushroom like structure where the user
can get a more personalized layer, see Fig. 2 (d).

There are no clear rules for how the user interface of each layer
should be organised or how the presentation should change when
new features are introduced. However, each layer should be de-
signed to support a certain set of tasks or group of users. That is,
each layer should be designed to form a coherent whole in the
shape of a well-designed reduced functionality interface.

MLD has among other things been tested as an approach to
simplify word processing [20, 31], map visualization [16], viewing
and sharing images [7], blog editing [8], the macOS environment
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(a) (b)

(c) (d)

Figure 2: Shneiderman’s suggested structures of multi-
layered design, (a) a regular interface, (b) multi-layered de-
sign, (c) expanding multi-layered design, (d) multi-layered
mushroom [31]. © ACM

[6], air tra�c control [22], introducing older users to mobile appli-
cations [18], dynamic geometry software [29], and league tables
in the health sector [36]. As mentioned above, it has also been
suggested as a suitable approach when designing for Universal
Usability [21, 31].

Designing an MLD system has 3 key elements (i) deciding how
the features should be divided into a set of layers, (ii) designing
each layer, and (iii) designing a mechanism for moving between
layers. Clark and Matthews suggest that layers in MLD interfaces
can be divided into two subcategories, feature layers and mixed
layers [8]. Feature layers are layers that consists of one single
category of functionality and within a feature group there can
be several layers. Mixed layers, on the other hand, can contain
features covering di�erent kinds of functionality. A problem with
mixed layers can be that if a user wants all functionality within one
category, then many other features from other categories will be
added as well [8]. The feature layer approach can be one way to
create a more �ne-grained design when there are many di�erent
functionalities available in a system. A detailed procedure for the
process of dividing functionality into layers has been suggested
by [5]. Designing the user interfaces of the individual layers is so
to speak mainly a matter of following ordinary best practices and
principles. However, it may be advisable to do stable extensions of
the user interface between layers. That is, it is better to �ll empty
space and add items than to move things around, as described by
interface patterns such as Spatial Memory [35, p. 20]. This approach
is for instance followed in [7]. Most previous work on MLD put
rather little emphasis on how to move between the layers and
present something like a simple slider [31]. Clark and Matthews
[8] use a settings panel for selecting between several feature layers,
but also discuss how e.g., knowledge about what the user has done

previously can be used to select an appropriate start layer. An
interesting overview of some previous solutions by Findlater and
McGrenere can be found in [11].

A reasonable doubt about the MLD approach is if it can be re-
garded as a promising solution to improve (universal) usability. The
concept was introduced rather long ago, and it seems that most
of the papers that can be found were written between 2000 and
2010 and that it has not really caught on and been taken up in
mainstream user interface design. A potential explanation could
be that using MLD adds complexity to the design process and that
the bene�ts are not considered to outweigh the costs for commer-
cial software. Another reason could be the lack of well-designed
solutions for layer selection. Still, MLD stands out as a conceptu-
ally rather simple and easy to realize solution for simpli�cation of
complex user interfaces.

3 GRACEFULLY ADAPTIVE USER
INTERFACES

We coined our approach to supporting digital seniors’ continued
use of ICT Gracefully adaptive user interfaces. The concept has its
roots in research on adaptive and adaptable user interfaces and in
particular the idea of multi-layered design. All these notions have
their basis in the �exibility that ICT makes possible and the fact
that it is fully possible to create systems that can change over
time and be adapted for the individual user. This makes IT systems
di�erent from physical products which are manufactured according
to given speci�cations, with a set of static unchangeable functions
physically built into the product. We de�ne a gracefully adaptive
user interface as a system that can gradually simplify its presentation
and interaction in order to adjust to the needs of users with declining
cognitive and/or physical abilities. The concept can be seen as a form
of reversed multi-layered design.

While the intention with MLD is to gradually increase the com-
plexity and number of features available in a system to facilitate for
new users to learn and to not be overwhelmed by the system’s com-
plexity, a GAUI works the other way around. It starts out with all
the features the user is accustomed to and adapts to the user’s skills
and abilities by scaling down, that is, by simplifying presentation
and feature set over time. There are several research challenges in
developing the concept of GAUI:s, e.g., understanding what prob-
lems the users encounter, �nding the best patterns for simplifying
typical designs, detecting which level of adaptation the user needs,
deciding themechanisms that control the adaptation of the interface
and so on.

A high-level description of a GAUI based on Multi-layer design
is shown in Fig. 3. The various components in the �gure can be
explained as follows:

(1) At �rst a user (X) interacts with the full interface illustrated
by the grey box with some orange shapes.

(2) To simplify the interface a selector mechanism is used to
adapt the interface to the individual user. This mechanism
can have many forms, e.g., a wizard, a set of checkboxes to
make choices, or a user model.

(3) Based on the output from the selector mechanism an adapter
is used to select a suitable layer. The role of the adapter
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Figure 3: A high level general organization of a gracefully
adaptive user interface based on MLD.

is to map data from the selector into a speci�c specialized
coherently designed user interface.

(4) After the selector mechanism and the adapter have been
applied the user is presented with specialised user inter-
face. Here A and B represent two di�erent users and their
respective adapted interfaces.

The various components can be developed independently. That is,
many di�erent selectors can potentially be used to map into one
set of layers, and the development of the layers does not depend
on how the selection is made.

It is important to note that the termGracefully adaptive describes
a vision or an end goal rather than a fully realized or �nished
concept. The starting point is the goal to help users like Alfred
mentioned in the Introduction to continue to use ICT. A basic
assumption is that starting from the full user interface they already
know should be helpful. Taking Facebook as an example, when
Alfred gets worse and e.g., can no longer use the marketplace to
buy and sell things but still wants to follow the feed, the market-
place items no longer need to be present and the result is a simpler
interface. To remove this feature could then be seen as a graceful
adaptation in the sense that it supports Alfred’s ability to continue
to use the relevant parts with less distraction from features he no
longer needs. The model in Fig. 3 is based on the assumption that
reversed Multi-layer design is a suitable way to realize the sim-
pli�cation. Other approaches are possible, but the MLD approach
is feasible and easy to understand. One could also argue that the
concept is in line with ideas about Universal design and usability,
in the sense that the goal for the full interface of an application
should be to, as far as possible, be designed to support all users. The
GAUI concept then simply adds a possibility to support even more
users when the standard design is not enough. The model is com-
pletely open for di�erent kinds of selector mechanisms. These can
be adaptive doing automatic adjustments or controlled by the user.
To explore the various possibilities is an area for future research.
In this paper a selector mechanism based on the Wizard design
pattern [35, p. 86] with a simple adapter that maps responses into
layers is used.

4 METHODS
The work presented here has been performed in the context of
the research project Digital Seniors1 focusing on how to design
digital technology that adapts to the people’s aging process. The
project follows the research through design approach [43], where
constructive and creative inquiry is posed into the �eld of research.
Accordingly, the prototype Klara Facebook (roughly Handle Face-
book), presented here has been created to explore and learn about
how reversed multi-layered design can be a way to design for digital
seniors and investigate how the concept is experienced by the tar-
get group. The multidisciplinary research team consisted of experts
in interaction design and computer science, a psychologist, as well
as a close collaboration with the organization SeniorNet2, focusing
on supporting older persons use of ICT through peer learning.

In the initial face of the project some interviews around seniors’
IT use were conducted. These have been reported elsewhere and
the results are brie�y summarized in section 5.1. The design and
development process followed an iterative user-centred approach
where a �rst phase of collecting data was followed several iterations
of design and prototyping and a concluding evaluation. Most of
the sessions involving users had to be conducted online due to the
Covid-19 pandemic.

To get a detailed understanding of how older adults use Facebook
six semi-structured interviews were conducted. Each interview
lasted for about 30 to 50 minutes. The interviewees were between
67-80 years old and had had a Facebook account for several years.
The interviews were video recorded by two cameras, one record-
ing the participant’s face and upper body, and one recording the
participant’s digital device. The topic of the interviews was to ex-
plore how the participants used and experienced Facebook. The
interviews and the analysis were performed by 2 of the authors.
Results from the interviews are presented i section 5.2 Interviews.
To complement the qualitative data from the interviews, a ques-
tionnaire containing questions regarding which Facebook features
were most used was distributed. Each question had the answers
“Yes”, “No”, “Rarely”, and “I do not know”. The questionnaire was
distributed in several groups on Facebook and to the SeniorNet
organization. The results from the questionnaire are presented in
section 5.3 Questionnaire.

The data collection phase was followed by an analysis with the
goal of distributing the features of Facebook into di�erent lay-
ers (section 6.1), the design of a selector mechanism (section 6.2),
resulting in an interactive prototype demonstrating the concept
developed in Figma. These steps were followed by a formative eval-
uation. The evaluation consisted of a heuristic expert evaluation
using Nielsen’s heuristics [25], aiming to remove inconsistencies
and ensure understandable language, and a Think Aloud evaluation
[13], via Zoom complemented with a short semi-structured inter-
view. The participants were four adults over 65 years recruited via
convenience sampling. The work was done by one of the authors
who had not been involved in the design phase. The results from
the formative evaluation can be found in section 6.3 Formative
Evaluation.

1https://digitalasenioreren.wordpress.com
2https://seniornet.se
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Following the design phase the interactive prototype described
in section 7 Klara Facebook was implemented.

The �nal prototype was evaluated in 2 separate studies. In the
�rst study the prototype was released to the public and tested in
the wild by volunteering users. An online release event was or-
ganized where Klara Facebook and the goals behind the project
were presented. The attendees were mostly representatives from
di�erent voluntary groups with the goal of supporting older per-
sons’ use of ICT (e.g., SeniorNet mentioned above), but also for
instance librarians working with older library visitors. Users that
downloaded Klara Facebook were invited to take part of a study
about the extension. If they accepted and used Klara Facebook they
were presented with a short questionnaire after one week of use
to follow up on their experience. The results from this phase are
presented in section 8.1 Testing in the Wild.

In the second study the Klara Facebook prototype was evaluated
using a think aloud protocol complimented with a semi-structured
interview. We recruited 12 participants aged 64-83 years old (5 male,
7 female) old to experience Klara Facebook for 1,5 hours in online
sessions via Teams. The sessions walked through the entire expe-
rience, from installing the extension, running the selector wizard,
to questions about the experience and the resulting adapted user
interface. The results from this part can be found in section 8.2
Think Aloud Tests.

5 DATA COLLECTION
5.1 Prior Findings
In the early phases of the Digital Seniors project, we conducted
ethnographic work by taking part of the activities of SeniorNet and
interviewing some experienced older ICT users [42]. The intervie-
wees aged 72, 77, and 82, described themselves as competent users
and preferred talking about the things they had learned over any
problems they encountered when using ICT. They saw themselves
as being able to do most of the things they needed but expressed
some annoyance with how the services worked like, too many
ads, unwelcome friend suggestions, etc. In short, they gave the
impression of being social media users like anybody else [42].

5.2 Interviews
The six participants interviewed during the development phase did
not, in general, experience any major problems. They expressed
that they really liked Facebook and how it made them connect to
old friends again. Three of them mentioned that they like to share
interesting posts on topics that need attention or are educational,
while one interviewee said: “I do not see Facebook as a source of
information, I see it more as social, instead of calling and have contact
with my siblings and friends and so on” Some of them complained
about a few usability issues, for example, the order of comments on
a post was not always in chronological order, which made it hard
to follow a conversation.

Interview person 2: Yes, to follow a feed of comments can be a
problem, because they are not always in sequence. Say that I am

following a feed, then I see that someone posted this 7 hours ago, and
there is a new and it shows that that was posted 10 hours ago. And I
have a hard time following the thread. I cannot see who said it �rst.

Four of the participants expressed concern about privacy and two of
them mentioned the expression “Big brother is watching you”. Due
to the privacy concerns, the participants used various strategies to
feel safer. Some of them did not post anything on their wall, at least
not personal content. One barely read their news feed because they
were afraid Facebook would see what kind of content they liked to
look at.

Interviewer:When you read posts, do you usually like and comment
a lot then?

Interview person 6: No, no, I have learnt that, if I even read,
because then this eye sees that I... Now she has been there, she is

interested in this and then you get a lot of similar information and
that bothers me.

One of the participants felt a great fear of doing the wrong thing and
mess something up, while others when asked felt more con�dent
and did not hesitate to try out new functionality. Another thing
that two of the participants mentioned was that the younger people
close to the participant were busy and lived hectic lives. Because
of this the participants were hesitant to ask for help. For example,
one interviewee said:

Interview person 1: And then I notice that when I ask my children,
they become a little bit annoyed, because they have more older

persons around them, they do not like that you always come and ask
too much.

Another interviewee said the following about the youth:

Interviewer: If you need to ask someone for help about something
on Facebook, do you have anyone you would ask then?

Interview person 3: Yes, I would ask my daughter I think, mmh she
is around the age of 45 and yes know most of this... but on the other

hand, you are so busy around the age of 45 and have children.

One slightly surprising �nding was that one participant looked
a lot on how much response they got from their uploads. They
mentioned that a picture where they write about what is in the
picture gives more likes compared to a picture with no description.
One of the participants also expressed some irritation towards
younger people. They said that our society is really discriminating
towards older adults and “youth �xated”.

Interview person 1: Even if I retire, my brain is still working and I
am still a pretty functional citizen. It does not go one night and
suddenly you are slow and I think that this is important to think

about when meeting older adults in di�erent contexts. [...] As soon as
you turn 65 you get a label in your forehead, it is us and them, and it
is according to me very youth �xated in our country. And we are a

huge group and our group only gets bigger and bigger.

5.3 Questionnaire
In total 37 answers were recorded. One participant was under 65
years old and was therefore removed from the data. The results
are presented in Fig. 4. As can been seen in the �gure several func-
tionalities like scrolling the feed, groups, birthdays and messenger
were used by almost all users. More divisive functionalities include
Games, Marketplace, and check-ins, where some use it and some
do not.
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Figure 4: Result of the questionnaire

6 DESIGN AND PROTOTYPING
6.1 Creating Layers
The interviews provided an understanding for the users as being
rather competent users with an interest in using Facebook. While
it is hard to pinpoint a speci�c feature that can be connected to a
particular statement in the interviews, this empathy for the users is
important for the design process [24]. The analysis of the question-
naire indicated that there was a set of commonly used features (Fig.
4). However, the data from the interviews and the questionnaire
did not make it possible to identify any clear correlations between
this core functionality and di�erent more advanced features. It was
therefore decided that the best approach for the layer design was
to use feature layers (section 2.4). The overall layer structure is
illustrated in Fig. 5. In addition to the base layer, it consists of six
main feature layers, where some are divided into sub-layers.

Figure 5: Visual representation of the layer structure

The base-layer consists of the eight most common features from
the questionnaire. These were indicated as “Yes” or “Rarely” by
94-100% of the respondents. Further, “Crisis response” was also
added since it might not be often used but needed in case of a crisis.
Thus, the features of the base layer are: Write posts (only text),
Messenger, Birthdays Share, Reactions, Commenting, Scrolling in
news feed, Groups, Crisis response.

To decide on the di�erent feature-groups we went back to a
grouping of Facebook features made in the beginning of the project.

The �rst clear functionality-group identi�ed was “Content creator”.
All functionality related to creating content associated with posts
was listed followed by investigating which functionality older users
utilized the most. This was done by looking at 20 older users’ pro-
�les and noting what functionality was used in their posts. The
users were semi-randomly selected from the members list of a Face-
book group for seniors. Only members who had public pro�les
were chosen. With help from the collected data, three layers within
the content creator functionality-group were formed, which can
be seen as layer 3.0, 3.1, and 3.2 in Table 1. These were based on
how many of the users utilized each functionality. Other layers
were created from our groupings of Facebook functionality and
resulted in the layers also presented in Table 1. Layer 2 is about
user privacy. Layer 4 represents a “suggestions” layer. The �fth
layer is a “content consumer” layer which decides in general what
extra things should be in the users’ news feed, and in the more
advanced layers, the possibility to customize their news feed. Layer
6 is related to economy with buy and sell, jobs and fundraisers, and
�nally layer 7, is about games.

6.2 Designing the Selector
Several options were considered for creating the selection mech-
anism. The �rst decision was to create a solution where the user
is in charge rather than trying to build an adaptive solution based
on e.g., user modelling and machine learning. While such selector
mechanisms are de�nitely worth investigating we wanted to �rst
explore adaptable mechanisms. The next decision was to base the
design of the selector on theWizard design pattern [35, p. 86]. A
wizard is suitable to guide a user through a task in a stepwise man-
ner. The wizard based selector is shown when the user �rst starts
Klara Facebook and can be run again later to make changes.

Two main approaches were tested as illustrated in Fig. 6. One
where the user is presented with a number of statements and is
prompted to select the one that best �ts their use of Facebook, and
one where the user is presented with several detailed options and
checks the desired features. The main idea of the �rst approach is
that the users should select what they want to achieve when using
Facebook rather than describing details of how they do it.

To help in deciding between the 2 approaches a user test was
conducted with 5 of the users that were interviewed about Facebook
usage. The tests showed that the approach based on a number of
statements was preferred bymost users and it was therefore decided
to focus on this approach.

6.3 Formative Evaluation
The heuristic evaluation of the wizard revealed various details that
were adjusted for the �nal version. The four participants in the
formative user test, �rst ran the installation, then went through
the wizard, and after that gave their opinion on the changes of
the interface. Finally, they were asked to locate the extension on
their browser, which was needed in order to be able to re�ne the
adaptation by running the wizard again.

The results of the think aloud test showed that the language in
the wizard was perceived as simple and easy to follow. However,
the user experience could be improved in relation to the feeling of
“being in control”. In particular, the users wanted to know what will
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Layer 1.0 Write posts (only text) Layer 5.0 Events, Pages
(base) Scrolling news feed (consumer) Memories

Share, Reactions, Commenting
Groups, Messenger, Birthdays
Crisis Response

Layer 2.0 Change post privacy Layer 5.1 Hide post
(privacy) Friend list Hide all posts from group/people/pages

Snooze group/people/pages posts
Turn on noti�cation for a post
Report post & Save post
Videos on watch

Layer 3.0 Post image or video Layer 6.0 Marketplace, Fundraisers
(creator) Stories, Memories (economy) Buy and sell groups
Layer 3.1 Check in Layer 6.1 Recent ad activity

Tag friends O�ers & Jobs
Layer 3.2 Change background on post Layer 7.0 Games

Add feeling, activity or GIF (games)
Create fundraiser
Ask for recommendations
Send live video

Layer 4.0 Friend suggestions Layer 7.1 Gaming videos
(suggestions) Suggestions in news feed

Game suggestions (in the side bar)
Layer 4.1 Recommendations

Table 1: The functionality contained in each layer

Figure 6: Top: the design where the user selects the option
that �ts best. Bottom: the design where the user should
check boxes.

happen if they choose an option before they choose it. In the next

iteration we therefor added an information panel that could show
the users visually which features of Facebook are in�uenced.

The overall reaction about the e�ects of the wizard on Facebook’s
interface was that the users understood that something changed
after running the wizard, but they could not put their �nger onwhat.
To explore in detail the user experience of applying the wizard, the
users need to use it for a longer period. The tests also identi�ed
several bugs in the implementation where the users’ choices were
not correctly re�ected in the interface. Finally, the users could not
locate the extension in their browser after the installation. Due to
this, we created clear information and documentation on how to
�nd the extension once the user runs the wizard.

7 KLARA FACEBOOK
Klara Facebook is a web browser extension that enables the user
to modify the contents of Facebook with the goal of making it
more adapted to the individual user’s needs. The modi�cations
are limited to elements in the main page. The �rst version of the
web browser extension was developed in 2020 and it was updated
during 2021 to accommodate for changes to Facebook. While the
extension has been publicly available for download by anyone it
should be seen only as a concept prototype for research purposes.

When a user installs Klara Facebook and opens Facebook for
the �rst time they are presented to the selector mechanism in the
form of a wizard. The very �rst screen presents the statement “I
like Facebook as it is and do not want to make any changes**. If
the user agrees, no more questions are asked, and the standard full
interface of Facebook is used. Otherwise, the wizard walks the user
through a series of views each containing a number of statements
for the user to select from. Each statement concerns what the user
prefers to do when using Facebook. An example screen is shown
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in Fig. 7. The left part of the screen shows a progress indicator
and the view to the right shows context-sensitive help information
intended to help the user to understand the presented information.
When the user has completed the wizard, an animation is shown to
indicate that the interface is being adapted according to the user’s
preferences and �nally the adapted interface is presented. The user
can select to redo the wizard at any time.

Figure 7: The selector mechanism used in Klara Facebook
presents a wizard where the user selects between a number
of statements to adapt the application.

The overall style of the statements can be illustrated with the
following translation of the text in �gure 7.

Choose the statement that covers as much as possible of the
functionality you use.

(a) Sometimes I publish my own posts where I add
a picture or video.

(b) Same as above, but sometimes I tag the friends I’m with, or
check in to the places I visit.

(c) Same as above, but sometimes I change the background on a
post, add an emotion/activity, or add GIFs.

(d) I only want to write posts with text or no posts at all.
The user is presented with statements about the needs whenwriting
posts. Writing a post o�ers many possibilities but they might not
be needed. So a user that only writes simple posts but possibly add
a picture now and then should select the �rst statement, a person
that wants it all, should select the third one.

Fig. 8 illustrates what the user interface can look like before and
after applying the wizard. The user interface consists of one of the
pre-de�ned layers described in Sect. 6.1.

8 EVALUATION
8.1 Testing in the Wild
The general impression from the public release event for Klara Face-
book was that there is quite some interest in the topic of supporting
older persons’ use of ICT and the event generated several follow-up
presentations by project members requested by persons attending

Figure 8: Top: Facebookwith all features on. Bottom: Simpli-
�ed user interface showing only the parts relevant for the
current user.

the event. In total 64 users downloaded the extension. Of these 22
answered the short questionnaire presented after one week of use.
The questions were formulated as statements:

(1) I am aware that I have an extension installed that a�ects the
appearance of Facebook (yes/no)

(2) The things I can do using the simpli�ed Facebook �t well
with what I want (1-5)

(3) Sometimes when I want to do something on Facebook it’s
hard to �nd in the simpli�ed design (1-5)

(4) My feeling of control has been improved by the simpli�ed
interface (1-3)

All respondents were aware that they had an extension to simplify
Facebook installed. The reply to if the contents of the simpli�ed
Facebook was suitable for their need was clearly positive with a
mean value of 4.77 out of 5. Despite this they sometimes had prob-
lems �nding things, mean value 2.59/5, where 5 indicated that they
often had problems. Most users (n=15) experienced that their feel-
ing of control had improved, while 7 did not notice any di�erence.
The questionnaire also had an open question for comments. Only 6
users used this opportunity. Three of these were from users that
mostly used Facebook on their mobile device and said that it would
be nice to be able to simplify that as well. One was simply “It’s nice
that you change Facebook for the better”. Two were requests from
persons who wondered if we could simplify their sites for seniors
as well. There were no negative comments.

8.2 Think Aloud Tests
Six of the 12 participants had used Facebook for more than 6 years,
5 for more than 10 years, one used Facebook for less than 1 year.
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The main three reasons behind their Facebook use were to see what
others do, keep contact with family, and be part of Facebook groups

Their general experience of running the wizard was that it was
easy to use for 9 out of 11 participants. After the user completes
the wizard, the wizard disappears and it instead appears as a small
add-on icon on the top right of the browser and a pop up appears
with information about the extension. Seven out of 12 noticed the
information popping up to show them the location of the extension
after installation. However, while they saw the pop up, nine out of
12 could not �nd the settings for the extension.When they managed
to �nd it, eight out of 11 participants understood how to turn o�/on
the extension.

Figure 9: The �rst screen of the wizard. The user can drag
the handle in the middle to see before and after views.

8.2.1 Usability Issues. To make visible the changes that could hap-
pen to the users’ Facebook after they �nish the wizard, a slider was
implemented on the �rst screen to show before and after views (see
Fig. 9). One third understood how to use it to see what the e�ects
of their choices could be, one third had to be prompted in order to
understand where to look in order to be able to slide the arrows,
and one third did not notice the arrows.

The progress bar on the left of the screen was noticed by two
thirds of the participants, but only half of them understood the
purpose of the bar. As they progressed through the wizard 10 out
of 12 participants understood the purpose of the progress bar.

The users had no problems answering simple questions in the
wizard but had some objections to more complex screens with mul-
tiple statements to select from, like the one in �g 7. For example, if
the �rst alternative was “sometimes I play games on Facebook” and
the next alternative, “sometimes do the above-mentioned action(s)
and watch videos”. They mentioned “what if I like to watch videos
on Facebook, but I do not play games?”. The help panel on the
right side of the wizard (�g. 7) informed the users visually (with
images) what feature of Facebook each option in�uenced. They
had to click on the info icon in the text and then information re-
lated to the a�ected feature appeared in the help panel. Almost
all the participants (11/12) noticed the help panel only when they
were prompted by the interviewers and eight out of 12 interpreted
di�erently how to interact with the info icon even though there
was a pop up appearing next to the panel to point out the panel.
Unfortunately, this panel further troubled the users as they did not
know how to get rid of it in order to read the question in the main
panel.

8.2.2 Opinions on the Simplified Interface. Seven out of 12 partic-
ipants reported that their Facebook is more structured, relevant,
and cleaner after the application of the wizard while the rest did
not notice the di�erence. The users recognized that it may be a bit
di�cult for some to use the extension but still found the approach
to be novel and promising. Finally, 8 out of 12 reported that they
could use the idea of simpler design in other contexts e.g., municipal
websites

8.2.3 Suggested Improvements. The users suggested a few possible
improvements for future work:

• To build a version for mobiles and tablets as most of our
users prefer to use Facebook on their phone (7/12)

• To be able to see more clearly how the choices in the wizard
a�ect the end result on Facebook

• More �exible choices e.g., one can chose to see videos with-
out playing games

• A more obvious presentation of the help panel so people can
notice and interact with it

• A possibility to ask questions about the security of the wiz-
ard.

Concerning the adapted Facebook users wanted to know what had
been adapted, but they also mentioned several wishes not strictly
related to Klara Facebook like more security support and making it
easier to �nd the privacy settings.

9 DISCUSSION
A major motivation behind the concept of Gracefully adaptive user
interfaces is that there is a need for a shift from trying to �nd ways
to introduce ICT to older people and instead focus on designing for
continued use of ICT for aging digital seniors. During the Digital
Seniors project we have seen many examples supporting this idea.
The entire SeniorNet organisation is run by digital seniors and
we have met many competent ICT users. For instance, one of the
members of the board had been working as a developer of advanced
computer systems for some 40 years. Another anecdote is how one
interviewee responded when asked if they did not use Facebook
on mobile devices - “Only on the bus, that’s what everyone else is
doing”. While there are of course still many older persons with little
or no ICT experience, this group will diminish over time increasing
the importance of designing for digital seniors.

Gracefully adaptive user interfaces is a concept for how inter-
faces, used by people, can remain usable as they get older. The way
a GAUI should adapt is left open as far as the concept is concerned.
Klara Facebook shows one way in which the interface can adapt.
But it is far from the only way. The way Klara Facebook adapts the
interface of Facebook is as a direct result of user action (as they go
through the wizard). It can be argued that this is neither adaptive
nor graceful. But as a result of answering the wizard, the idea is that
the interface is adapted in a graceful manner such that the same
functionality that the user expects from Facebook is still present,
while the interface gracefully removes options not used that might
be disturbing the experience. As mentioned in section 3 the name
is a signal for the goal of creating interfaces that can (be) adapt(ed)
to the aging user and the case Klara Facebook is a �rst step towards
this goal.
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Klara Facebook is a design that can be described as reversed
Multi-Layer Design. It functions very much like MLD designs de-
scribed in previous research (section 2.4), but the goal is di�erent.
However, one could wonder why MLD? As mentioned in section
2.4 it is a concept that has not really been taken up by mainstream
interfaces. Unfortunately, this does not mean that these have be-
come much easier to handle, or that another better approach has
taken over. Rather, most standard software is designed following a
one size �ts all approach. On the other hand, the user tests clearly
indicated an agreement on that simplifying complicated user in-
terfaces is appreciated and needed. One advantage of the reversed
MLD approach is that the user interface consists of a number of
coherently designed levels. The main alternative for simpli�cation
is probably an adaptive approach that tries to present the best pos-
sible GUI for each user. One downside of this might be that it is a
very di�cult problem to automatically select and layout the user
interface in an optimal manner. The reversed MLD approach can
then be a practical solution supporting aging digital seniors.

One thing that needs more study is how the process of adapting
the interface should be handled. Klara Facebook demonstrates one
speci�c selector mechanism in the form of a wizard focusing on
what the user wants to achieve when using Facebook. The user
tests indicate that the users were positive to this approach, but some
obvious problems exist. The most obvious one is perhaps when the
interface should be adapted. In the current prototype this happens
when the user �rst installs the browser extension and whenever the
user feels there is a need for further adaptation. A simple solution
would be to let the wizard appear periodically, or perhaps if the
system notices that there are features that have not been used for a
long time, or if it seems likely that the user is struggling with using
the system due to observed errors. Another solution could be to use
some sort of smart selector mechanism, that monitors the user’s
interaction with the system and selects the most appropriate layer
based on that. For instance, Clark andMatthews [8] use information
about the user’s previous action to select the best layer. Regardless
of approach, there is a need for running studies over an extended
period of time.

As mentioned in section 2.1, aging users of ICT can face many
kinds of problems, e.g., bad eyesight, dry skin, etc as well as cogni-
tive problems. The work presented here is focused on simplifying
a complex user interface by selecting an appropriate feature set.
We are aware that the realisation of GAUI:s presented in Klara
Facebook does not handle for instance problems related to not be-
ing able to see or manipulate small items on the screen. However,
we do not believe that this limitation a�ects the relevance of the
type of adaptations done in Klara Facebook. Rather it indicates that
there exist several dimensions worth investigating to create the
best possible experience for various kinds of digital seniors.

Finally, Universal Design suggests that one should strive for de-
signing products and systems that can be used by all without modi-
�cation. How does the approach of Gracefully adaptive interfaces
�t into this? We would like to argue that there is no contradiction.
Klara Facebook contains the full Facebook interface and if that
works well there is no need to make any changes. However, when
needed it also allows the user to select to use a reduced functionality
interface through multi-layered design, which was introduced as
an approach for improved Universal Usability in [31] and presented

as one of the suggested solutions by Meiselwitz et al. in their paper
Universal Usability: Past Present and Future [21].

10 CONCLUSION
In the present paper we have argued that it is time to make a shift
from designing ICT solutions focused on simplifying for older per-
sons to learn how to use ICT and instead focus on the research
question How can we design systems that suit the needs of digital se-
niors, i.e., older long-time users of information technology, when their
cognitive and physical abilities are a�ected by age?. We have also
presented a general model for Gracefully adaptive user interfaces
focusing on continued use of ICT consisting of a selection mecha-
nism, an adapter and a number of user interface layers designed to
�t various users’ needs.

To further investigate the research question, we have presented a
case study, Klara Facebook, using the model of Gracefully adaptive
user interfaces to create an adaptable version of Facebook. The case
study suggests that a wizard containing a number of statements
focusing on what the user wants to do might be an appropriate way
to create an easily understandable selector mechanism.

The results from our preliminary user tests show that the users
were positive to the overall approach but that there is room for
further development. In particular, they did not always understand
how the user interface had been changed to �t their needs and they
wanted Klara Facebook to be made available for more platforms
since most of them wanted to use Facebook on their mobile devices.
In short one can say that the impression was that the users wanted
more of the ideas presented in Klara Facebook. More simpli�cation,
application to more areas of Facebook and suggestions for that a
similar approach could be good for other areas as well, e.g., public
services.

In conclusion, we hope that the suggested approach can be an
inspiration for others working with older users and their use of ICT
and believe that designing for digital seniors is the way forward.

ACKNOWLEDGMENTS
We thank all the participants. This research was funded by he
Kamprad Family Foundation for Entrepreneurship, Research &
Charity, grant number 20180271.

REFERENCES
[1] Pierre A. Akiki, Arosha K. Bandara, and Yijun Yu. 2014. Adaptive Model-Driven

User Interface Development Systems. ACM Comput. Surv. 47, 1 (2014), 1–33.
https://doi.org/10.1145/2597999

[2] Jenny Andersson, Freja Blomdahl, and Jakob Bäck. 2021. Svenskarna och internet
2021. Report.

[3] Paul B Baltes and Ulman Lindenberger. 1997. Emergence of a powerful connection
between sensory and cognitive functions across the adult life span: a newwindow
to the study of cognitive aging? Psychology and aging 12, 1 (1997), 12.

[4] David Benyon. 1993. Adaptive systems: A solution to usability problems. User
Modeling and User-Adapted Interaction 3, 1 (1993), 65–87. https://doi.org/10.1007/
bf01099425

[5] Linn Gustavsson Christiernin. 2010. Guiding the designer: A radar diagram
process for applications with multiple layers. Interacting with computers 22, 2
(2010), 107–122.

[6] Linn Gustavsson Christiernin, Rickard Bäckman, Mikael Gidmark, and Ann
Persson. 2006. iLayer: MLD in an operating system interface. , 87–90 pages.
https://doi.org/10.1145/1133265.1133282

[7] Linn Gustavsson Christiernin, Fredrik Lindahl, and Olof Torgersson. 2004. Design-
ing a Multi-layered Image Viewer. In Proceedings of the Third Nordic Conference
on Human-computer Interaction (Tampere, Finland) (NordiCHI ’04). ACM, New
York, NY, USA, 181–184. https://doi.org/10.1145/1028014.1028041

https://doi.org/10.1145/2597999
https://doi.org/10.1007/bf01099425
https://doi.org/10.1007/bf01099425
https://doi.org/10.1145/1133265.1133282
https://doi.org/10.1145/1028014.1028041


NordiCHI ’22, October 8–12, 2022, Aarhus, Denmark Author et al

[8] Bryan Clark and Jeanna Matthews. 2005. Deciding Layers: Adaptive Composition
of Layers in a Multi- Layer User Interface. In Proceedings of 11th International
Conference on Human-Computer Interaction, Vol. 7.

[9] S. J. Czaja, N. Charness, A. D. Fisk, C. Hertzog, S. N. Nair, W. A. Rogers, and J.
Sharit. 2006. Factors predicting the use of technology: Findings from the center
for research and education on aging and technology enhancement (CREATE).
Psychology and Aging 21, 2 (2006), 333–352. https://doi.org/10.1037/0882-7974.
21.2.333

[10] Connor Dodd, RukshanAthauda, andMarc Adam. 2017. Designing user interfaces
for the elderly: a systematic literature review. In ACIS 2017 Proceedings. 61.

[11] Leah Findlater and Joanna McGrenere. 2010. Beyond performance: Feature
awareness in personalized interfaces. International Journal of Human-Computer
Studies 68, 3 (2010), 121–137.

[12] Gerhard Fischer. 2001. User Modeling in Human–Computer Interaction. User
Modeling and User-Adapted Interaction 11, 1 (2001), 65–86. https://doi.org/10.
1023/a:1011145532042

[13] Marsha E Fonteyn, Benjamin Kuipers, and Susan J Grobe. 1993. A description of
think aloud method and protocol analysis. Qualitative health research 3, 4 (1993),
430–441.

[14] Elizabath L. Gliski. 2007. In Brain Aging: Models, Methods, and Mechanisms. CRC
Press, Chapter Changes in Cognitive Function in Human Aging, 4–20.

[15] D Hawthorn. 2000. Possible implications of aging for interface designers. In-
teracting with Computers 12, 5 (2000), 507 – 528. https://doi.org/10.1016/S0953-
5438(99)00021-1

[16] Hyunmo Kang, Catherine Plaisant, and Ben Shneiderman. 2003. New approaches
to help users get started with visual interfaces: multi-layered interfaces and
integrated initial guidance. , 6 pages.

[17] Alfred Kobsa. 2001. Generic User Modeling Systems. User Modeling and User-
Adapted Interaction 11, 1 (2001), 49–63. https://doi.org/10.1023/a:1011187500863

[18] Rock Leung, Leah Findlater, Joanna McGrenere, Peter Graf, and Justine Yang.
2010. Multi-Layered Interfaces to Improve Older Adults’ Initial Learnability
of Mobile Applications. ACM Trans. Access. Comput. 3, 1 (2010), 1–30. https:
//doi.org/10.1145/1838562.1838563

[19] Eduardo Machado, Deepika Singh, Federico Cruciani, Liming Chen, Sten Hanke,
Fernando Salvago, Johannes Kropf, and Andreas Holzinger. 2018. A conceptual
framework for adaptive user interfaces for older adults. In 2018 IEEE International
Conference on Pervasive Computing and Communications Workshops (PerCom
Workshops). IEEE, 782–787.

[20] Joanna McGrenere, Ronald M. Baecker, and Kellogg S. Booth. 2002. An Evaluation
of a Multiple Interface Design Solution for Bloated Software. In Proceedings of
the SIGCHI Conference on Human Factors in Computing Systems (Minneapolis,
Minnesota, USA) (CHI ’02). Association for Computing Machinery, New York,
NY, USA, 164–170. https://doi.org/10.1145/503376.503406

[21] Gabriele Meiselwitz, Brian Wentz, and Jonathan Lazar. 2010. Universal Usabil-
ity: Past, Present, and Future. Foundations and Trends® in Human–Computer
Interaction 3, 4 (2010), 213–333. https://doi.org/10.1561/1100000029

[22] Bruno Merlin, Christophe Hurter, and Mathieu Raynal. 2009. Bridging Software
Evolution’s Gap: The Multilayer Concept. In Human Centered Design, Masaaki
Kurosu (Ed.). Springer Berlin Heidelberg, Berlin, Heidelberg, 266–275.

[23] Mahdi H. Miraz, Maaruf Ali, and Peter S. Excell. 2021. Adaptive user interfaces
and universal usability through plasticity of user interface design. Computer
Science Review 40 (2021), 100363. https://doi.org/10.1016/j.cosrev.2021.100363

[24] Vasiliki Mylonopoulou, Alexandra Weilenmann, Olof Torgersson, and Beata
Jungselius. 2020. Searching for Empathy: A Swedish Study on Designing for Seniors.
Association for Computing Machinery, New York, NY, USA. https://doi.org/10.
1145/3419249.3420125

[25] Jakob Nielsen. 1994. Enhancing the Explanatory Power of Usability Heuristics.
In Conference Companion on Human Factors in Computing Systems (Boston, Mas-
sachusetts, USA) (CHI ’94). Association for Computing Machinery, New York,
NY, USA, 210. https://doi.org/10.1145/259963.260333

[26] Anabel Quan-Haase, Kim Martin, and Kathleen Schreurs. 2016. Interviews with
digital seniors: ICT use in the context of everyday life. Information, Communi-
cation & Society 19, 5 (2016), 691–707. https://doi.org/10.1080/1369118X.2016.
1140217

[27] Blaine Reeder, Oleg Zaslavksy, Katarzyna M. Wilamowska, George Demiris,
and Hilaire J. Thompson. 2011. Modeling the oldest old: personas to design
technology-based solutions for older adults. AMIA ... Annual Symposium pro-
ceedings. AMIA Symposium 2011 (2011), 1166–1175. https://www.ncbi.nlm.nih.
gov/pubmed/22195177https://www.ncbi.nlm.nih.gov/pmc/PMC3243168/

[28] Ljilja Ruzic and Jon A. Sanfod. 2017. Universal Design Mobile Interface Guidelines
(UDMIG) for an Aging Population. Springer International Publishing, Cham,
17–37. https://doi.org/10.1007/978-3-319-60672-9_2

[29] Florian Schimpf and Christian Spannagel. 2011. Reducing the graphical user
interface of a dynamic geometry system. ZDM 43, 3 (2011), 389–397. https:
//doi.org/10.1007/s11858-011-0325-6

[30] Ben Shneiderman. 2000. Universal usability. Commun. ACM 43, 5 (2000), 84–91.
[31] Ben Shneiderman. 2003. Promoting Universal Usability with Multi-layer Interface

Design. In Proceedings of the 2003 Conference on Universal Usability (Vancouver,
British Columbia, Canada) (CUU ’03). ACM, New York, NY, USA, 1–8. https:
//doi.org/10.1145/957205.957206

[32] Ben Shneiderman and Pattie Maes. 1997. Direct Manipulation vs. Interface Agents.
Interactions 4, 6 (nov 1997), 42–61. https://doi.org/10.1145/267505.267514

[33] Korydon H. Smith and Wolfgang Preiser. 2010. Univer-
sal Design Handbook, 2E. McGraw-Hill Professional, <coun-
try>US</country>. –1 pages. https://doi.org/10.1036/9780071629225
arXiv:https://mhebooklibrary.com/doi/pdf/10.1036/9780071629225

[34] Constantine Stephanidis. 2001. Adaptive techniques for universal access. User
modeling and user-adapted interaction 11, 1 (2001), 159–179.

[35] Jenifer Tidwell, Charles Brewer, and Aynne Valencia. 2020. Designing interfaces:
Patterns for e�ective interaction design (3rd ed.). O’Reilly Media, Inc.

[36] K. Tronerud, M. Vasbotten, J. Kaasbø ll, and Sæ bøJ. 2017. Usability for novices
and experts: A layered design in a case study in Malawi. In 2017 IST-Africa Week
Conference (IST-Africa). 1–9. https://doi.org/10.23919/ISTAFRICA.2017.8102298

[37] Pascal W. M. Van Gerven, Fred Paas, and Huib K. Tabbers. 2006. Cognitive
Aging and Computer-Based Instructional Design: Where Do We Go From Here?
Educational Psychology Review 18, 2 (2006), 141–157. https://doi.org/10.1007/
s10648-006-9005-4

[38] Sebastian Vetter, Jennifer Bützler, Nicole Jochems, and Christopher M.
Schlick. 2012. Consolidated �ndings from 6 years research on the age-
di�erentiated design of human-computer interaction. Work 41 (2012), 5129–
5136. http://proxy.lib.chalmers.se/login?=search.ebscohost.com/login.aspx?
direct=true&db=buh&AN=71928977&site=ehost-live&scope=site

[39] John Vines, Gary Pritchard, Peter Wright, Patrick Olivier, and Katie Brittain. 2015.
An Age-Old Problem: Examining the Discourses of Ageing in HCI and Strategies
for Future Research J ACM Trans. Comput.-Hum. Interact. 22, 1 (2015), 1–27.
https://doi.org/10.1145/2696867

[40] Nicole Wagner, Khaled Hassanein, and Milena Head. 2010. Computer use by
older adults: A multi-disciplinary review. Computers in Human Behavior 26, 5
(2010), 870–882. https://doi.org/10.1016/j.chb.2010.03.029

[41] Alexandra Weilenmann. 2010. Learning to Text: An Interaction Analytic Study of
How Seniors Learn to Enter Text on Mobile Phones. In Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems (Atlanta, Georgia, USA) (CHI
’10). Association for Computing Machinery, New York, NY, USA, 1135–1144.
https://doi.org/10.1145/1753326.1753496

[42] Alexandra Weilenmann, Jungselius Beata, and Vasiliki Mylonopoulou. forthcom-
ing 2022. Understanding older experienced social media users. In Proceedings of
2022 International Conference on Social Media and Society.

[43] John Zimmerman, Jodi Forlizzi, and Shelley Evenson. 2007. Research through
Design as a Method for Interaction Design Research in HCI. In Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems (San Jose, California,
USA) (CHI ’07). Association for Computing Machinery, New York, NY, USA,
493–502. https://doi.org/10.1145/1240624.1240704

https://doi.org/10.1037/0882-7974.21.2.333
https://doi.org/10.1037/0882-7974.21.2.333
https://doi.org/10.1023/a:1011145532042
https://doi.org/10.1023/a:1011145532042
https://doi.org/10.1016/S0953-5438(99)00021-1
https://doi.org/10.1016/S0953-5438(99)00021-1
https://doi.org/10.1023/a:1011187500863
https://doi.org/10.1145/1838562.1838563
https://doi.org/10.1145/1838562.1838563
https://doi.org/10.1145/503376.503406
https://doi.org/10.1561/1100000029
https://doi.org/10.1016/j.cosrev.2021.100363
https://doi.org/10.1145/3419249.3420125
https://doi.org/10.1145/3419249.3420125
https://doi.org/10.1145/259963.260333
https://doi.org/10.1080/1369118X.2016.1140217
https://doi.org/10.1080/1369118X.2016.1140217
https://www.ncbi.nlm.nih.gov/pubmed/22195177 https://www.ncbi.nlm.nih.gov/pmc/PMC3243168/
https://www.ncbi.nlm.nih.gov/pubmed/22195177 https://www.ncbi.nlm.nih.gov/pmc/PMC3243168/
https://doi.org/10.1007/978-3-319-60672-9_2
https://doi.org/10.1007/s11858-011-0325-6
https://doi.org/10.1007/s11858-011-0325-6
https://doi.org/10.1145/957205.957206
https://doi.org/10.1145/957205.957206
https://doi.org/10.1145/267505.267514
https://doi.org/10.1036/9780071629225
https://arxiv.org/abs/https://mhebooklibrary.com/doi/pdf/10.1036/9780071629225
https://doi.org/10.23919/ISTAFRICA.2017.8102298
https://doi.org/10.1007/s10648-006-9005-4
https://doi.org/10.1007/s10648-006-9005-4
http://proxy.lib.chalmers.se/login?=search.ebscohost.com/login.aspx?direct=true&db=buh&AN=71928977&site=ehost-live&scope=site
http://proxy.lib.chalmers.se/login?=search.ebscohost.com/login.aspx?direct=true&db=buh&AN=71928977&site=ehost-live&scope=site
https://doi.org/10.1145/2696867
https://doi.org/10.1016/j.chb.2010.03.029
https://doi.org/10.1145/1753326.1753496
https://doi.org/10.1145/1240624.1240704

	Abstract
	1 Introduction
	2 Background
	2.1 Aging and Technology
	2.2 Universal Design and Usability
	2.3 Adaptive and Adaptable User Interfaces
	2.4 Multi-Layered Design

	3 Gracefully adaptive user interfaces
	4 Methods
	5 Data Collection
	5.1 Prior Findings
	5.2 Interviews
	5.3 Questionnaire

	6 Design and Prototyping
	6.1 Creating Layers
	6.2 Designing the Selector
	6.3 Formative Evaluation

	7 Klara Facebook
	8 Evaluation
	8.1 Testing in the Wild
	8.2 Think Aloud Tests

	9 Discussion
	10 Conclusion
	Acknowledgments
	References

