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Abstract
Our society is changing. The role which information and communication
technologies (ICT) play in our society is growing rapidly and meanwhile the
world’s population is ageing. ICT has enabled social network sites (SNS), which
are often targeted towards younger people and is therefore less suitable for
seniors who find themselves displaced again and again. Through a design
research oriented study, we explored the theories of non-traditional computing
to find alternative ways of using technology to better meet the needs of seniors.
We have found bridging technologies to be a promising domain that could help
address the life-changing consequences of population ageing. We have identified
four design principles to support the design of bridging technologies, geared
towards enabling seniors to interact with social network sites. These principles
constitute our final contribution.
Vårt samhälle håller på att förändras. ICT roll i vårt samhälle växer samtidigt
som vår befolkning blir allt äldre. ICT har banat väg för sociala nätverk (SNS),
vars design ofta ämnar möta yngre människors behov. Således är interaktionen
med SNS oftast mindre lämpligt och mer svåråtkomlig för den äldre
generationen som gång på gång hamnar i andra hand. Vi har, genom en
designforskningsstudie, undersökt teorier med ändamålet att finna alternativa
och mer lämpliga sätt att använda ICT för att möta äldres behov. Vi har funnit
bridging technologies som ett lovande område när det kommer till att möta de
utmaningar som uppstår som ett resultat av en åldrande befolkning. Vår studie
bidrar med fyra design principer med ändamålet att stödja designen av bridging
technologies. Dessa principer utgör studiens resultat.
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1 Introduction
The widespread adoption of information and communications technology, also
known as ICT, is transforming our society (Saunders, 2004). ITU (International
Telecommunication Union), a United Nations body, reports an increase of
Internet users from 400 million in 2000 to an estimate of 3.2 billion in 2015 [4].
The impact of ICT is crossing all sectors of society, from financial to health,
education and social cohesion [2] making it an essential component of any
modern society (Dolata, 2013). One important pillar of the ICT revolution is the
rise of Social Network Sites, also known as SNS. SNS play a major role in
supporting social relationships and have become an integral part of the everyday
life of its users (Boyd & Ellison, 2007; Sundar, Oeldorf-Hirsch, Nussbaum & Behr,
2011).
Despite being considered a staple in daily communication (Sundar et al., 2011),
current SNS are particularly designed for the abilities of younger people making
the sites less suitable for other groups, such as senior users (Goswami, Köbler,
Leimeister & Krcmar, 2010). Seniors as a group still struggle with the adoption of
ICT and SNS making them unable to benefit from its social effects by
participating in them, such as exchange of information and stronger social bonds
(Saunders, 2004; Hope, Schwaba & Piper, 2014).
The rapidly changing communication landscape tends to displace the older
generation, excluding them from an important source of socialization, and will
continue to do so for the next generation (Hope et al., 2014). In order to face the
consequences of a rapidly changing communication landscape, new ways of
approaching the design of ICT are being called for (Hope et al., 2014; Coelho &
Duarte, 2016). Bridging technologies allows for new ways of meeting the needs
of different generations, who each prefer different interaction styles and user
interfaces. Bridging technologies can be designed to account for age-related
needs, cultural practices and preferences to increase well being of seniors by
lowering the barrier of computer interaction (Hope et al., 2014; Coelho & Duarte,
2016).
This is becoming an increasingly important societal issue as the world’s
population is ageing [1], causing and increased fiscal pressure on the support
systems for seniors [3]. Not only as a result of a decreased mortality rate but
also due to a decline in fertility [1; 2]. This is a trend with no signs of slowing
down [2]. It is estimated that by 2050 people over the age of 60 will make up
more than 21,1% of the world’s population, exceeding the number of children for
the first time ever in modern history [1; 2].
According to the World Health Organization [2] efforts needs to be made to
strengthen the social abilities of seniors and to help them face the challenges that
comes with ageing. This includes empowering seniors to adapt to the social
challenges they are likely to face as they grow older [2]. Unfortunately current
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public-health approaches to address population ageing have clearly been proven
ineffective [2].
In Northern Europe 90% of all seniors live independently [1]. Although
independent living is already common practice among seniors an independent
way of living is likely to become even more common in the future [1]. However
positive this might seem, it becomes an issue when those unfit to live
independently is left no other choice. Due to the continued fiscal pressure on
support systems more and more seniors will have to face the challenges of
ageing independently [1].
Independent living cannot only be hazardous for the physical well-being, but also
detrimental to the mental health of seniors (Steptoe, Shankar, Demakakos &
Wardle, 2012). Social isolation is a major and prevalent health problem within
the senior community (Nicholson, 2012; Steptoe et al., 2012). The ramifications
of social isolation can be so severe that it negatively impacts, not only the wellbeing of seniors, but also their overall life expectancy (Steptoe et al., 2012).
Studies show that research on alternatives to the traditional computer;
supporting seniors wanting to access ICTs are being called for (Coelho & Duarte,
2016; Hope et al., 2014; Jaschinski & Allouch, 2015; Van House, 2015; Dahl,
Farshchian, Kofod-Petersen, Bøthun, Holbø & Reitan, 2013). Previous research
within the domain of ubiquitous computing, pervasive computing, calm
technology, ambient intelligence and ambient assisted living has studied similar
contexts and challenges. Ubiquitous and pervasive computing aim to enhance
computer use by making computers accessible through the physical
environment while appearing invisible to the user, allowing for natural
interaction and a lowered barrier of use (Weiser, 1993). Calm technology
attempts to make technology, which is often regarded as stressful by seniors
(Lindley, Harper, & Sellen, 2009), more calming by understanding how it grabs
our attention and moves in and out of our periphery (Weiser & Brown, 1997;
Jafarinaimi, Forlizzi, Hurst & Zimmerman, 2005). Ambient intelligence provides a
digital environment that proactively, but sensibly, supports people, in an
ambient and unobtrusive manner (Augusto & Shapiro, 2007). Ambient assisted
living extends to focus particularly on assisting those with cognitive and physical
disabilities, in their daily lives (Jaschinski & Allouch, 2015).
Drawing from each of these perspectives we aim to better understand how a
bridging technology can be designed to meet the needs of seniors. This study
aims to explore how current SNS can be made more easily accessible to a
growing senior population through the following research question:

How can bridging technologies be designed to enable seniors to
interact with social network sites?
This study aims to explore the context of seniors, technology and social network
sites.
More specifically we aim to develop a set of design principles to aid the
design of bridging technologies.
2
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2 Related Literature
In this chapter we summarize our findings from the literature study and present
the key components of our theoretical framework.

2.1 Seniors as Social Network Users
Social isolation is becoming a major and prevalent health problem among
seniors (Nicholson, 2012; Steptoe et al., 2012). Ineffective and all too few efforts
have been made to address social isolation among seniors (Nicholson, 2012;
Machielse, 2015; [2]).
As many as 90% of all seniors in Northern Europe lives independently [1]. The
number is increasing and however positive it might seem that seniors can
remain independent; the consequences of an ageing population are costly and
demanding for the society [1; 2]. For those unfit to live independently it can, not
only be hazardous for the physical well-being of seniors, but also affect their
mental health negatively (Steptoe et al., 2012). Within the senior community,
social isolation is known as a major and prevalent health problem, not just
negatively impacting the wellbeing of seniors but also their overall life
expectancy (Nicholson, 2012; Steptoe et al., 2012).
Younger seniors, those not yet retired, are seemingly more likely to embrace
social technologies (Hope et al. 2014). Other than age, wealth, education and
overall lifestyle make seniors an idiosyncratic group of people that is hard to
pinpoint (Hope et al., 2014). The social network of a senior is often different
from the social network of the younger population (Van House, 2015). Their
friends, and acquaintances, are often widely distributed geographically and
spread out over the different important events in a senior’s life (Van House,
2015). Social network sites can help seniors sustain these relationships while
also serving as a platform for cross-generational communication with their
children and grandchildren (Van House, 2015; Hope et al., 2014).
There have been different views regarding the richness of communication
desired by the senior users of SNS. Some argue that SNS should foster strong tie
relationships (Hope et al., 2014; Lindley et al., 2009) while others have found
that the lightweight communication offered by SNS, such as Facebook, is the
greatest benefit of using a SNS (Van House, 2015). The latter arguing that
lightweight contact is not necessarily the same as a lightweight relationship.
Lightweight contact is even seen by some as a way of peeking into the lives of
others, which is a desired effect of social networking for many seniors (Van
House, 2015).
Current means of self-expression when using SNS, such as posts and messages, is
considered irrelevant and demanding (Lindley et al., 2009). Modern methods of
communication such as email and texting prompts an immediate response as
soon as it comes up on the screen, leaving little to no time to think before a
response is required.
4

Traditional methods, such as handwritten letters, are preferred because of the
comfortable effort that is being put into writing them (Lindley et al., 2009).
While seniors strive to connect with younger relatives (Hope et al., 2014) Lindley
et al. (2009) have found that seniors are often hesitant to contact younger family
members in fear of being seen as burden or a nuisance in their busy lives. At the
same time, seniors are annoyed by the constant availability that current
technology imposes (Lindley et al., 2009).
Senior users often seem to have a different mindset regarding the use of
technology and the control they possess over it. While some seniors consider
current technology overwhelming, for example saying that a mobile phone
would get in the way of their lives, others see the benefits from being able to see
their son’s firstborn or their distant relatives Christmas decorations (Lindley et
al., 2009). Seniors also express a need of being able to reciprocate, not simply
acting as bystanders but as actual users who is able to express themselves
through social media in some way (Lindley et al., 2009).

2.2 Social Network Sites
Social network sites (SNS) have become a major part of our daily lives, attracting
millions and millions of users worldwide (Boyd & Ellison, 2007). SNS support
both the creation of new relationships and our ability to maintain existing
relationships (Boyd & Ellison, 2007; Lazer, Pentland, Adamic, Aral, Barabasi,
Brewer & Jebara, 2009). SNS cater to a wide variety of interests, supporting
existing social networks or connecting strangers based on language, shared
racial, sexual, religious, political or nationality-based identity (Boyd & Ellison,
2007). SNS also reinforces certain expectations about relationship maintenance,
such as being able to post and send messages to other users to reciprocate (Boyd
& Ellison, 2007).
Facebook, a common SNS, are one of the most popular websites in the world
(Lazer et al., 2009). Studies have shown that the use of Facebook is associated
with an increase of the social capital of its users (Lazer et al., 2009). SNS have
been found to help those going through a major life change, such as high school
students moving to college maintaining social capital (Cummings, Lee & Kraut,
2006). Seniors going into retirement face similar life changes having their
friends, acquaintances, former co-workers and friends widely distributed
geographically and spread out over the different milestones of their lives (Van
House, 2015). Although SNS could support seniors in maintaining their social
capital, current SNS are particularly targeted towards younger people and are
inaccessible for seniors (Van House, 2015).
In order to better understand the complex phenomenon of SNS we take
inspiration from the following definition by Boyd and Ellison:
“We deﬁne social network sites as web-based services that allow individuals to (1)
construct a public or semi-public proﬁle within a bounded system, (2) articulate a
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list of other users with whom they share a connection, and (3) view and traverse
their list of connections and those made by others within the system.”(2007, p. 211)

2.3 Bridging Technologies
As technologies within the communication landscape are being replaced by the
latest hype, the older generation tends to be displaced (Hope et al., 2014). Take
for example the evolution of analogue to digital, corded phones to mobile
phones, and now, the evolution within the digital moving from emails to social
network sites. Often being aimed at the younger generation, it is easier for them
to keep up only having to take small steps to adopt the latest technology,
whereas the older generation might struggle to keep up. Adopting new
technologies can be difficult for anyone. The senior community especially
expresses a fear of wasting time and energy on engaging with new evolving
technologies (Van House, 2015).
Assistive technologies have been proven effective in mediating communication
through voice-based interfaces for the visually impaired (Brewer, 2016). Further
examples show that ICT can bridge communication, for example by providing a
projected visual interface between seniors and their caregivers (Yamamoto,
Hyry, Krichenbauer, Taketomi, Sandor, Kato, & Pulli, 2015).
These examples all aim to support users with needs that differ from the norm. In
a recent study, research on alternatives to the traditional computer allowing
seniors to access existing SNS is being called for (Coelho & Duarte, 2016).
Facilitating what seniors have present in almost every home, such as family
portraits (Jafarinaimi et al., 2005) or pencils (Hope et al., 2014) could provide
ideal vehicles for the adoption of these kind of services (Coelho & Duarte, 2016).
The following sections present perspectives from the field of ICT that offers
alternative views to the traditional desktop computing paradigm.
2.3.1 Ambient Intelligence
Ambient intelligence, also known as AmI, follows the ubiquitous computing
paradigm with some minor differences. Catenazzi, De Luca, Sommaruga, and
Botta defines AmI:
“Ambient Intelligence (AmI) refers to the presence of a digital environment that is
sensitive, adaptive and responsive to the presence of people, supporting them in
their daily lives in a non-intrusive way. The AmI discipline provides new
opportunities in the field of social interaction and new means to overcome the
barriers that exclude many people from accessing social interaction technologies.”
(2012, p. 496)
Li and Jianting (2009) argues that ambient intelligence can enhance social
interaction and behavior because of its adaptive features in regards to the user’s
context of use in daily rituals and everyday life in an unobtrusive manner.
Ambient intelligence artifacts are usually embedded in everyday objects and
environments (Stephanidis, 2009; [5]) with an emphasis on user pull and user
need, as opposed to technology push [5].
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An ambient intelligence perspective is therefore primarily concerned with
making technology more user friendly by using multimodal interactions
(Augusto & Shapiro, 2007; Nehmer, Becker, Karshmer, & Lamm, 2006). In order
to not become intrusive to the user, ambient intelligence systems are often
required to adapt to the user's context (Augusto & Shapiro, 2007; Li & Jianting,
2009). It is important to note that these criteria for Ambient Intelligence seem to
follow a floating scale. For example, Nehmer et al. (2006) in their definition
emphasize the automaticity and adaptability of the system, that is to say the
system’s abilities to act without explicit user request. Meanwhile, Tlatoque, as an
Ambient Intelligence, example relies heavily on explicit gestures as user
interaction (Cornejo, Tentori, & Favela, 2013).
Emerging from the ambient intelligence paradigm stems the ambient assisted
living-perspective. AAL turns to a more narrow focus on the challenges
regarding an ageing population and aims to answer how ambient intelligence
can help in a home environment of seniors (Jaschinski & Allouch, 2015;
Stephanidis, 2009). AAL is believed to be a way of making computers universally
accessible (Dahl et al., 2013). Within the context of SNS and seniors for example,
design of inclusive social sharing Ambient Intelligence systems benefit from
being perceivable, understandable, actable, comfortable and interoperable
(Bellotti & Edward, 2001; Dey & Häkkilä, 2008).
2.3.2 Ubiquitous & Pervasive Computing
Ubiquitous computing (Ubicomp) aims to enhance computer use by making
computers accessible through the physical environment while appearing out of
the way and invisible to the user (Weiser, 1993). With its ability to be embedded
in our different environments while providing the user with natural interactions
ubicomp is described as the next step in the computing evolution (Lyytinen &
Yoo, 2002). Ubicomp will help organize and mediate social interactions
wherever and whenever these situations might occur (Lyytinen & Yoo, 2002).
Although pervasive and ubicomp appear similar at first glance they are
separated by their level of mobility (Lyytinen & Yoo, 2002). Both ubicomp and
pervasive computing stem from the related fields of distributed systems and
mobile computing (Satyanarayanan, 2001). Pervasive computing, much like
ubicomp, strives to become a part of the everyday life of its user while remaining
invisible (Satyanarayanan, 2001). Pervasive computing is more concerned with
the effective use of smart spaces than the mobility of ubicomp (Satyanarayanan,
2001). Ubicomp aims to be mobile while still remaining embedded and invisible
to the user. Pervasive computing on the other hand has the same level of
embeddedness as ubicomp while having a low level of mobility (Lyytinen & Yoo,
2002).
Using both ubicomp and pervasive technologies, The Ambient Wood Project
aimed to enable children to broaden and connect their understandings,
reflections, and hypotheses in both real-world and classroom settings (Rogers,
Price, Randell, Fraser, Weal & Fitzpatrick, 2005). Embedding Wi-Fi and sensorbased technologies in nature elements as trees and alike the project shoved an
example of environment design, pervasive and ubiquitous to the user. The
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environment could connect with a variety of mobile and standalone
computational devices carried by the children. By sensing the presence of users
without explicit user input, as well as presenting digital information through the
handheld devices (PDAs) or hidden wireless speakers suiting interaction models
were used. The outdoor ubiquitous e-learning environment, called for just
enough attention allowing the children's learning experience to easily transcend
between the physical and digital world (Rogers et al., 2005).
2.3.3 Calm Technology
Calm technology continues to build on the notion of the invisible computer.
Although it might seem similar to that of ubiquitous computing it differs in focus
with its attempts to make ubiquitous computing more fitting in our everyday
lives (Weiser & Brown, 1997). The field of calm technology attempts to make
information technology, which is often regarded as stressful, more calming by
understanding how the technology grabs our attention and moves in and out of
our periphery (Weiser & Brown, 1997; Jafarinaimi et al., 2005). Calm technology
is a perspective that supports the design of artifacts that are able to seamlessly
move between the center and the edge of our periphery. It enhances our
peripheral reach, providing our periphery with more details without causing
information overload (Weiser & Brown, 1997).
Breakaway, a project meant to support long term behavior change through
subtle notifications (Jafarinaimi et al., 2005), exemplifies the design implications
of calm technology. An ambient display designed in the shape of a human body
begins to slouch when the user has been sitting down for too long, subtly
reminding them to take a break and stand up. The Breakaway project indicate
that a calm technology perspective can be leveraged in order to prompt user
action in a calming manner to support long term behavior change (Jafarinaimi et
al., 2005).
Digital Family Portraits, a project more explicitly aimed at the loss of social
connectedness suffered by an increasing number of seniors, informs its user of
their family member’s well-being through low-level awareness displays (Mynatt,
Rowan, Craighill & Jacobs, 2001). The project also further investigates how
technology can be embedded into everyday objects in order to seem natural in
the home environment (Mynatt et al., 2001). In this case the technology was
embedded into ordinary picture frames that was updated once a day in with a
new picture. The design were guided by a calm technology perspective and their
field work by setting up design goals to support low-level awareness, depict
trends over time, privacy concerns, aesthetically pleasing to convey appropriate
emotional information.

2.4 Summary
Here we present the summary of the literature study. First, as a contextual
overview. Second, the three design principles to guide the design of bridging
technologies derived from the literature study.
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Through a literature study we have discovered the need for accessible SNS
among senior users, whose lives could benefit from having the tools to maintain
their relationships, as they continue to grow older (Cummings et al., 2006; Lazer
et al., 2009). We’ve also explored the general attitude of seniors towards
technology through the findings of Hope et al. (2014) and Lindley et al. (2009),
finding the lack of control as a key issue. In order to make SNS more accessible to
seniors we’ve explored alternative views to the traditional desktop computer
paradigm. These views are ambient intelligence and ambient assisted living,
ubiquitous and pervasive computing and calm technology. Each of these views
focuses on certain aspects of technology. Calm technology helps us understand
how calming technology can be designed, technology that is otherwise
considered stressful among senior users (Lindley et al., 2009). The alternative
interaction styles of ubicomp and pervasive computing support us in the design
of artifacts that is different from the more traditional desktop computer (Rogers
et al., 2005). The domain of ubicomp and pervasive computing explores
interaction styles that feel more natural and familiar to the user as seen in the
studies of Jafarinaimi et al. (2005) and Mynatt et al. (2005). Lastly, AmI and AAL
unveil ambient assistive designs for those with cognitive and physical variations
(Cornejo et al., 2013).
Through the literature study we were able to create a synthesis consisting of
three principles for the design of bridging technologies.
Principle

Description

Reference

The principle
of perceived
control

The user itself must dictate the terms of
which a SNS can reach the user.

(Lindley et al.,
2009),
(Hope et al.
2014),
(Coelho & Duarte,
2016)

The principle
of calmness

A social bridging technology artifact
should exhibit some level of invisibility in
order to feel non-intrusive to the user.

(Catenazzi et al.,
2012),
(Lindley et al.,
2009),
(Weiser, 1993),
(Weiser & Brown,
1997),
(Jafarinaimi et
al., 2005)

The principle
of familiar
interaction

The interaction styles of a social bridging
technology artifact have to feel familiar.
Familiar in a sense that it leverages
existing habits and knowledge from the
physical environment that feels natural to

(Weiser, 1993),
(Catenazzi et al.,
2012),
(Yamamoto et al.,
2015),
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the user.

(Khosravi &
Ghapanchi,
2016),
(Brewer, 2016),
(Li & Jianting,
2009)

Table 1 - Design Principles from the literature study.
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3 Method
This chapter describes the methods used throughout the study. We began this study
with a literature study followed by a prestudy where user input was collected. We
then used the results of the literature study and the prestudy to create principles
that would guide us in our prototyping. We then evaluated the principles through
the prototype, which served as a basis for our analysis.

3.1 Research Approach
We position this study along the lines of Gregor & Hevner (2013) and their
proposition of design science research using an artifact to embody our theory
and conducting evaluations of the artifact. The artifact in this case is also the
prototype. The designing and making of a prototype allows us to demonstrate
and evaluate this study’s contribution (Zimmerman, Forlizzi & Evenson, 2007).
The prototype provides a vehicle for our principles that can then be evaluated.
This methodology is also referred to as design science research (Peffers,
Tuunanen, Rothenberger & Chatterjee, 2007). A design science approach can be
used to contribute to existing theory as well as the practical context in which the
artifact is introduced (Zimmerman et al. 2007; Hevner et al. 2004). Since
bridging technologies is a relatively new phenomenon we argue that a design
science approach is best suited to help us answer our research question.
The following model explains the design science research approach where we
start at the far right by establishing a Knowledge Base. We then develop a set of
design principles based on the knowledge base and investigate the environment
to learn more about the context in order to modify the proposed design
principles. We then implement the design principles into a prototype. We then
contribute back to the knowledge base, and to the environment through the
evaluation and analysis of the prototype.
Design Science
Research

Environment

Knowledge Base

Application domain
- Seniors.
- Problems &
Opportunities.

Foundation
Requirements,
Principles &
Field Testing

Informs
Design &
Prototype

Practical
Contribution

Design Principles for
Bridging Technologies
(2.4.2)

Additional
Principles.
Evaluate

Figure 1 - Research Approach inspired by Hevner et al. (2004)
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3.2 Literature study
A literature study was conducted to explore, map and define central concepts for
the study. These concepts include bridging technology, ambient intelligence,
ambient assisted living, ubiquitous computing, pervasive computing, calm
technology, social network sites, social isolation and senior users. The literature
used in this study were retrieved by searching for peer-reviewed articles in the
field of ICT, HCI, Public Health and IS through the Halmstad University School
Library Summon search service and Google Scholar. The keywords used to
narrow the results were:
Bridging technology, Ambient Intelligence, Social isolation, Ubiquitous Computing,
Pervasive Computing, Calm Technology, Ambient Assistive Living, ICT, Social
Network Sites, Seniors

3.3 Prestudy
During the prestudy we collected data from two workshops. The first workshop
being a future workshop meant to capture the participant’s attitudes towards the
future of technology. The second workshop was designed to discuss the problems
and opportunities of a concept created from the data gathered from the initial
workshop. The prestudy was then analyzed and synthesized into two additional
guidelines.
3.3.1 Participant Selection
As the workshops were dependent on each participant’s ability to discuss and
concretize ideas we contacted the board of a community in Halmstad for active
seniors. We asked the board for suitable participants and they suggested
themselves (the board members) and a few of the other community workers
(also seniors). From this point we chose not to set restrictions regarding
computer literacy, SNS experience or gender. Even though we didn’t set a lot of
restrictions we chose to only select seniors as participants. We found the
variation among participants to be necessary in order to gain a broader picture
of our users. Studies involving people needs to consider ethical aspects and
guidelines (Myers, 2013). We followed Vetenskapsrådet’s (2002) main criteria
for research; inform of the study, criteria of consent, criteria of confidentiality
and criteria of use.
Participant Age Gender Computer
Literacy (1- 10)

SNS Experience
(1-10)

Participated in

1

75

Male

7

8

Workshop 2
(3.3.3),
Evaluation
(3.6)

2

70

Male

7

1

Workshop 1

12

(3.3.2),
Workshop 2
(3.3.3),
Evaluation
(3.6)
3

69

Male

8

8

Workshop 2
(3.3.3),
Evaluation
(3.6)

4

69

Female 8

7

Workshop 1
(3.3.2),
Workshop 2
(3.3.3),
Evaluation
(3.6)

5

75

Female 6

0

Workshop 1
(3.3.2),
Evaluation
(3.6)

6

77

Male

5

5

Workshop 2
(3.3.3),
Evaluation
(3.6)

7

66

Male

10

5

Workshop 1
(3.3.2),
Workshop 2
(3.3.3)

8

77

Female 7

5

Workshop 1
(3.3.2),
Workshop 2
(3.3.3)

9

84

Male

8

4

Workshop 1
(3.3.2)

10

72

Female 8

9

Workshop 1
(3.3.2),
Workshop 2
(3.3.3)

11

62

Male

6

Workshop 1
(3.3.2)

9

Table 2 - Table of study participants
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Each participant was asked to rate their computer literacy as well as their
previous experience with SNS on a scale from one to ten (1-10). Their answers
helped us better understand their actions and answers during the evaluation of
the prototype. One of the participants, P11, didn’t meet the desired age but was
included since he was part of the senior community and could also represent
future users.
Although some of the participants can be seen as socially active, the seniors who
participated in the study represents a group that are likely to need support as
they grow older to prevent social isolation.
3.3.2 Workshop 1
The first workshop allowed us to capture the participants’ general attitudes
towards new technologies and intergenerational problems of socialization.
The prestudy consisted of two workshops. The first workshop was inspired by
the Da Vinci approach. We used three phases to trigger the imagination, set up
scenarios and present scenarios. The approach allowed us to open up the design
process for user input and to give support to realize visions and future
application areas (Ihlström Eriksson, Svensson & Åkesson, 2005). The workshop
helped encourage users to imagine future solutions and scenarios (Bødker,
Grønback, & Kyng, 1993). During the 3 hour session we took notes as well as
audio and video recordings the workshop. Participants were informed of the
intended use and the purpose of the collected material according to the
guidelines of Vetenskapsrådet (2002).
The workshop started with a visioning phase using triggers. Triggers during the
visioning phase showed examples and concept videos intended to spark the
imagination of the workshop participants, providing them with a notion of future
possibilities. We showed a video compilation on Vimeo called Future Homes [6].
The video showed future technologies embedded in homes with alternative
interaction styles as gestures and speech. The triggers were used as a starting
point for a discussion. The participants were asked to take notes of what they
found interesting during the video. These notes served as a basis for the
discussion that followed.
After discussing the different futuristic scenarios, we introduced the participants
to the scenario building phase. The scenario phase is designed to help the
participants envision future scenarios that in this case helps solve their everyday
problems (Go & Carroll, 2004). We had prepared an example scenario in order to
help the participants to understand how a scenario is constructed. The scenario
was broken into five distinct blocks. Who, when, where, what and lastly an
overall description of their idea. Scenarios help workshop participants to
structure their ideas into needs, context and requirements (Ihlström et al.,
2005). The eight participants were split into two groups, four participants in
each group, and were instructed to come up with scenarios of their own. During
the scenario building phase we acted as support when the participants had
questions regarding the construction of their scenarios.
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Asking the participants to present their scenarios is a way for them to convey an
experience of the future use of their ideas (Benyon, Turner & Turner, 2005).
Therefore we ended the workshop with a short presentation from each of the
two groups. They were encouraged to realize their scenarios by using low-fi
methods, such as paper prototypes or simply enacting a situation. One of the
groups read their scenario and the other group reenacted their scenario as a
short play.

Figure 2 - Workshop summary
We ended the workshop by writing down what the participants thought
summarized the key topics of discussion.
3.3.3 Workshop 2 Preparations
As the first workshop resulted in the participant’s general thoughts of
technology we decided a second workshop was needed, further exploring the
findings from the first workshop. Building on the key topics of discussion from
the first workshop we constructed a scenario. The different topics of discussion,
such as integrity, the home and different ways of interacting with technology
through everyday objects, together with the presented scenarios were turned
into the building blocks of our scenario. The following is an example of how the
building blocks were sorted.
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Figure 3 - Sorting findings into themes
The scenario was designed around the concept of an augmented everyday object;
in this case a book. The scenario takes place in the user’s home environment. The
book would grab the user’s attention, a way of discussing the calmness of our
proposed artifact, when there’s new activity on the user’s SNS account. The book
is then picked up and the user begins turning the pages just as they would with
an ordinary book. This way we could discuss the interaction styles of a proposed
bridging technology. Once the book is open, the TV is automatically be turned on,
displaying the pictures or profile pictures from the social network.

Figure 4 - Scenario
3.3.4 Workshop 2
During the 2,5 hours workshop, the eight participants were split into groups of
two. We handed out printed notes based on the building blocks of the scenario
for four rounds of critique. As a common method within the design practice,
critique is used as a way of making the design a vital part of the argumentation
(Stolterman, 2008). One round of critique for each block of the concept. Each
round consisted of a problematization phase, for example participants were
tasked with uncovering issues and potential problems with the attention block of
the scenario. Each group discussed these issues and wrote them down under the
problem column. The problems were then switched between the groups to try
and come up with solutions that could potentially solve another group’s
problems. Between each round we opened up for a group discussion and
summed up the problems and solutions. This allowed each group to express their
thoughts towards other group’s potential solutions or problems. The problems
and solutions uncovered let us better understand the issues that could arise from
the implementation of bridging technologies.
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Figure 5 - Notes from the second workshop
The second workshop helped us identify some hands-on concerns of bridging
technologies and how it could be improved to better fit into a senior’s everyday
life.
3.3.5 Prestudy Analysis
The data gathered in form of our own field notes, the participant notes from the
first workshop, the problems and solutions collected during the second
workshop and quotes transcribed from audio recordings were thematically
coded. We underlined similar findings from the collected data, each with a
specific color. Words such as safe and anxiety were grouped and underlined with
the color blue while words and sentences related to integrity were grouped with
the color red. By looking for similarities in our findings and underlining the
similar words and statements themes began to emerge from the data.
To analyze the data, we were inspired by the memos technique described by
Myers (2013). Analytic memos are focused on analyzing the actual field notes,
notes created by participants or other types of gathered material throughout the
method, e.g. transcripts of recordings from the workshop (see figure 6). The
memos technique let us connect both workshop findings with our literature
findings.
During the first part of the analysis, inspired by a top down approach, we
analyzed the data through the lens of our initial principles derived from related
literature. Here we could further add to the initial principles with the data
gathered from the prestudy.
The codes that didn’t match any of the existing themes were grouped into new
themes that would then become two additional principles. A bottom up approach
inspired this part of the analysis. A bottom up approach helps uncover new
themes from the analysis of the data gathered (Myers, 2013).
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Figure 6 - Part of the analysis process

3.5 Prototyping
As proposed by Gregor & Hevner (2013), an artifact was used to embody our
theory to conduct evaluations of it. The prototype was built based on the
principles derived from the prestudy. Further details of how each of the
principles affected the design of the prototype can be found in 4.3.
The prototype was built using an iPad, masked behind a traditional picture frame
to prevent it from being confused with an actual iPad. The iPad displays a
website with looping pictures meant to resemble posts from a SNS feed. The
website was built using common web technologies such as HTML5, JavaScript
and CSS3. We used an open source text-to-speech library called
responsivevoice.js [7] to convert the posts into spoken words. A FM-transmitter
was connected the iPad to transform the audio into FM-signals that could be
picked up by a radio.
The result was a digital photo frame that displayed the images of SNS-posts
while also dictating each post through a radio speaker. For example, the radio
voice would say “Lisa says: Finally some vacation. The weather is great and the
kids are having a blast!” to a picture of a swimming pool area.
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Figure 7 - Prototype flowchart

Figure 8 - Prototype in action

3.6 Prototype Evaluation
The goal of the evaluation was to evaluate the principles for designing bridging
technologies. Inspired by the method of use case evaluation (Hornbæk, Høegh,
Pedersen & Stage, 2007), each interview started with us discussing a few short
use case scenarios to help the participants get into the mindset of the context of
use. We discovered both the implication of use as well as the users attitudes
towards the artifact.
Methods of evaluating usability stemming from the more traditional screenbased computing paradigm are not well suited for non-traditional, or invisible,
computing (Kim, Kim & Park, 2003; Bezerra, Santos, Oliveira, Monteiro &
Ezzedine, 2014). The issues of properly evaluating invisible computers are an
19

emerging issue (Consolvo, Arnstein & Franza, 2002; Carter & Mankoff, 2004).
This makes evaluating bridging technologies, which differ from traditional
computing, a challenging endeavor. Challenges such as how to appropriately
simulate the artifacts ability to grab the user's attention and the environment in
which the artifact is placed (Kim et al., 2003; Bezerra et al., 2014). The challenges
of evaluating the interaction of non-traditional computing are not easily met;
also many usability evaluation methods do not fit well in early development
activities (Hornbæk et al., 2007). Use case evaluations, which are a widely used
representation of design ideas in early software development processes
(Hornbæk et al., 2007) was used as an inspiration for the evaluation. We
formulated use case scenarios, which were combined with in-depth interviews to
help us include the many different contextual issues that come with invisible
computing. Instead of primarily focusing on the traditional usability of the
artifact we shifted focus towards the particular use cases of the artifact.
Evaluation methods such as contextual field research or lag sequential analysis
further focus on the interaction within the natural environment of the
participants over longer periods of time (Consolvo et al., 2002). These methods
however need to be carried out over longer periods of time. A time frame not
afforded in this particular study. Instead we opted for use case scenarios as a
means to quickly gain insights in how the users would interact with the
prototype if it were a part of their daily lives.
As a result, the use case scenarios helped us gain insights regarding specific
scenarios. An interview guide was set up in order to make sure that the
interviews would help gather data in relation to the principles. As a complement
to the interview guide a couple of use cases was designed in order to get each
participant to think in terms of real-life situations and contexts rather than the
community house setting in which the evaluation was conducted. A qualitative
interview with each participant was conducted. By conducting interviews we
were able to gain a deeper understanding of the participant’s views of the
prototype. Qualitative studies also identifies certain qualities and attributes of
the research subject that usability testing can’t (Denscombe, 2016). We opted to
use semi-structured questions. Semi-structured interviews allow for the
participants to express themselves freely, and for the moderator to ask follow-up
questions when needed (Myers & Newman, 2007). The interview guide together
with the use cases can be found in appendix.
The evaluation took place at the same location as the initial workshops. The
participants of the evaluation can be found in 3.3.1. At the outset of the
evaluation we presented the overall idea of the prototype to the participants and
we then continued on to explain the purpose of the evaluation in relation to the
study. Each of the participants was encouraged to ask questions and raise
concerns regarding the evaluation process. We set up a secluded room in which
we could carry out the evaluation. The room was prepared in a way that
reflected the home environment of the participants in order to appear as
authentic as possible. The prototype was placed on a windowsill with the radio
speaker turned off.
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Figure 9 - A radio and the prototype in evaluation context.
The prototype was evaluated by one participant at a time. Each evaluation lasted
approximately one hour with ten minutes for the use cases and 50 minutes for
each interview. The use-cases were used as a guide in the evaluation process
during which we asked the participants to enact the different use case scenarios.
Each of the participants was instructed to think-aloud during the evaluation
scenarios. One of the use cases was based around the integrity principle, asking
the user how they would react if someone came to visit them while interacting
with the prototype. The participants was asked to describe what actions they
would take and why.
We interviewed a total of six seniors, all of which had participated in one or both
of the workshops. The first four interviews were held individually, with both of
us present taking turn in leading the interview. The last interview was held in
pair due to one of them being late, and the other being early. The interviews
were transcribed and detailed notes of the answers were taken throughout the
sessions.
3.6.1 Evaluation Analysis
The evaluation analysis was inspired by a top down approach. A top down
approach relies on existing themes, in this case the principles, and intends to
further add on to those themes through the analysis of the data gathered (Myers,
2013). The five principles (explained further in 4.2), established in the prestudy
through a literature study and workshops, were used as the overarching themes
of the analysis.
The data gathered from the evaluation was analyzed through a memo-inspired
approach, more specifically an analytic memo approach. Analytic memos are
focused on analyzing the actual field notes, notes created by participants or other
types of gathered material throughout the method, e.g. transcripts of recordings
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from the workshop (Esterberg, 2002). The memos in this case were the notes
taken during the evaluation interviews. Complementary to the memos we
transcribed all of the interviews using a transcription software called Inqscribe.
The interviews were transcribed from audio recordings of the evaluation.
The transcriptions were coded thematically in order to find statements that
would either match the existing principles or warrant new principles. Thematic
coding is often used to identify and analyze qualitative data by describing its
content (Clarke & Braun, 2013). We sorted the codes found into themes. We used
the themes found throughout the thematic coding of the interviews to validate
each principle, not just from a theoretical standpoint but from a more practical
as well. The picture below display how we used markers to highlight the
transcriptions to find statements used to validate the principles.

Figure 10 - The thematic coding of the data

3.7 Method Criticism
When selecting the participants for this study we asked them to rate their
computer literacy and SNS experience on a scale from one to ten. What we found
is that all of the participants rated themselves at least five or higher on the
computer literacy scale. We used the participant’s self-assessments to better
understand why they answered and acted the way they did.
However, participants who we found to be proficient computer users seemed to
rate themselves lower than they should because of humbleness. Those who
showed signs of being less experienced with computers still rated themselves
high in comparison. To increase reliability we should probably have set up a
more detailed scale with sentences such as I do not know how to use a computer
at all as the beginning of the scale and I am an expert user with a lot of experience
on the other end of the scale.
During the first workshop challenges arose as a result of our trigger selection.
The participants were sometimes unable to look past current technological
issues such as power outages and poor screen resolution when imagining future
scenarios. Since the scenarios were supposed to be constructed around the idea
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of an ideal scenario, the technological issues mentioned sometimes hampered
the creative process.
We also experienced that some participants was more keen to express their
ideas than others, causing some of the participants to hold back during the group
discussions of the workshops. We identified this as a risk of group thinking
(Janis, 1982), and tried to involve all of the participants in the discussions,
emphasizing that all opinions are welcome and that there’s no right or wrong.
The evaluation of a non traditional interface differs from that of the more
traditional (Kim et al., 2003; Bezerra et al., 2014). Further emphasis is put
towards the setting of the evaluation because of the often context-driven
artifacts. We conducted the evaluations in a senior community house setting. We
believe that the natural context, in this case the home environment of seniors,
would have yielded the most reliable results. The evaluation would have taken
place during longer periods of time in order to collect the participants attitudes
towards the artifact. Simply asking whether or not the device would seem
intrusive or stressful during a one hour session is likely not the most reliable
way of gathering that kind data.
Dealing with people of different experiences, ages and knowledge as well as the
ambiguity of our context, the study faced wicked problems. These are problems
that put us in a situation where we are forced to choose between two non ideal
scenarios. Like having to decide between evaluating the prototype in a natural
context over a longer period of time but with less participants or performing the
evaluation in a lab environment over a short period of time but with more
participants. Both having obvious downsides. Rittel (1972) identifies wicked
problems as a unique and ambiguous problem without a definitive answer. The
answer to a wicked problem often spawns new wicked problems making them
impossible to solve. A solution to a wicked problem cannot be true or false, only
good or bad (Rittel, 1972).
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4 Prototype
This chapter describes the prototyping process and how each design principle was
implemented into the prototype. The prototype is the artifact through which the
design principles were embodied. First we list the results from the prestudy and
how they complement the design principles. Then we explain how each principle
was implemented into the prototype. We have named the participants P1, P2 and
so forth in order for them to remain anonymous.

4.1 Prestudy Results
By analyzing the data from both of workshops, we were able to get an
understanding of how they related to the principles. The prestudy results are
statements and topics of discussions fitting into each of the principles from the
literature study. Since some of the statements and topics didn’t fit into the
principles, two additional was formulated, i.e. the principle of error prevention and
the principle of integrity.
4.1.1 The principle of perceived control
The workshop participants expressed how technology often controls them,
rather than the other way around. They described how technology attempts to
grab their attention when they do not want it to and how each interaction comes
with a significant risk of ruining the device or getting stuck. They value the
feedback a human offers as opposed to that of a computer's. They express a need
of having physical controls to interact with.
“Where’s the reality? The things you can touch. The whole world is being rebuilt
with technology. Where’s our place in this? Are you supposed to only use your
brain? Stop using your feet and arms entirely?” (P4)
In one of the scenarios being played out one of the participants acted as a robot
trying to help a senior suffering from dementia to exercise. The robot acted in an
impersonal way, with no feelings or features of a human caregiver. The
participants were unable to see technology as something that could provide
support and comfort. They described the future of technology as something that
would control them rather than the opposite.
“I hope this never becomes a reality (P2) [All agrees]. I really hope so (P8). I mean,
it is a possibility; it could happen whether we want it to or not. When we are sitting
there suffering from dementia. What power do we really have then (P11)?”
4.1.2 The principle of calmness
The participants valued the calmness of analogue technology. When discussing
the element of stress in technology participants expressed how not being able to
pick up the phone in time or simply not recognizing that somebody is trying to
reach them is perceived as stressful. Sound cues, such as smartphone
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notifications, are considered to be too stressful, and even ineffective in grabbing
their attention.
“Signals are generally not a good idea, what if I do not hear or see them? [...] I am
terrified that I am not going to make it in time before the other person hangs up.”
(P7)
They also go on to describe how today’s youth spend too much time on their
phones disconnected from reality. Being on your phone is not considered to be
an act of socialization but rather the opposite. Being on your phone is considered
rude and inconsiderate when you are in the company of others.
“My first reaction to this [the trigger video] is that most of it is confined to the
home environment. I think that’s positive. It is sad how today there’s always
someone with a phone in their hand, texting or talking. People do not look up, they
walk into each other because the phone is so important.“ (P7)
4.1.3 The principle of familiar interaction
Seniors express how new technology is difficult to adopt among the senior
community. They go on to describe the importance of existing habits and the
difficulties of building new habits, as you grow older. Keeping up with your daily
life can be tough enough without the stress of having to learn new things.
“I am a bit afraid, if you think about us [seniors] it is hard for us to manage all
these new things. If it would be automatic I wouldn’t have to think about it.“ (P4)
They also point out that the issues of modern technology is not whether
something is complicated or not, it is about whether or not the person using it
has the habit of using it. In this example from one of the participants common
logic trumps the amount of buttons one has to press.
“My dad didn’t live in the same town as me so we added our numbers to speed dial.
We gave him one of those cordless phones you know. I told him ‘When you press one
now dad you’ll get to me’, ‘When you push the number two you will get in touch
with your grandchild’. Then I asked him to try and call me. The problem was that
the buttons had both numbers and letters written on them. So he began spelling out
my name instead of simply pressing the first button. I reminded him again and
again but he never quite managed it.” (P4)
4.1.4 The principle of error prevention
The workshop participants discussed the frailness of modern technology and
how a simple mistake could cause system failure and a lot of anxiety among
seniors. Seniors who find their experience with computers as limited, fears being
unable to recover from errors. This led to a discussion about what happens when
an error occurs. When trying to solve an error by yourself becomes a too difficult
task to manage you have to turn to someone else. For example, a tablet might be
considered easy to manage by the younger generation and is therefore given for
seniors to handle. The seniors however, might not have the experience of similar
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technologies or been properly introduced to the tablet's capabilities. These
seniors are left in a spot where they have to ask for help with what is supposed
to be a simple tablet. This is often regarded as degrading and humiliating for
seniors leaving them reluctant to interact with technology.
“You tell your relatives that you do not want a tablet. Yet they give you one as a
Christmas gift or a birthday present. Then you’re left there with your tablet
thinking ‘Oh my god what am I supposed to do with this’. You feel as though you are
required to learn how to use the tablet because someone gave it to you. Everything
goes so fast that it is difficult to understand it.“ (P4)
“It is embarrassing to tell someone that you are not able to use the iPad.” (P7)
4.1.5 The principle of integrity
Integrity is an integral part of a senior’s life. When discussing SNS usage with
seniors we found that all of the participants felt that SNS could on some level
damage their personal integrity. Issues such as whether or not the data is being
saved somewhere else or if someone else gets ahold of your data was discussed
by the participants. Since current technologies does not clearly communicate its
capabilities and potential integrity issues the participants was hesitant to adopt
them.
“Are you sure they won’t save it [snapchat videos] somewhere online? What about
the cloud? That’s what they want you to think. I am sure they store it somewhere.”
(P5)
When discussing whether or not the participants was active members of a SNS
they became defensive, arguing that they barely use it and that they had special
settings that prevent integrity issues. Integrity is also about who and what they
socialize about through the SNS. They argued that family and friends was
important sources, but that even this relation is complex because of the different
importance or value in the posts. For example, they tended to express that many
post was irrelevant everyday observations, which they didn’t appreciate no
matter who it came from. They said that they needed to limit their presence in
SNS, as they wanted others to as well.
“I set up my Facebook so that no one can see my post unless I grant them
access.”(P2)

4.2 Design Principles for Bridging Technologies
Two overarching themes were found in the workshops that were later added to
the design principles. While some of the data gathered was turned into
additional principles others simply reinforced the original three principles.
Below are the three original principles found throughout the literature study and
lastly the additional two principles identified in the prestudy.
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Principle

Description

Reference

The principle
of perceived
control

The user itself must dictate the terms of
which a SNS can reach the user. It also needs
a physical presence in order to feel
controllable by the user.

(Lindley et al.,
2009),
(Hope et al.
2014),
(Coelho &
Duarte, 2016),
First Workshop
(3.3.2),
Second
Workshop
(3.3.3)

The principle
of calmness

A bridging technology artifact should exhibit
some level of invisibility in order to feel nonintrusive to the user.

(Catenazzi et
al., 2012),
(Lindley et al.,
2009),
(Weiser, 1993),
(Weiser &
Brown, 1997),
(Jafarinaimi et
al., 2005)
First Workshop
(3.3.2),
Second
Workshop
(3.3.3)

The principle
of familiar
interaction

The interaction styles of a social bridging
technology artifact have to feel natural.
Natural in a sense that it leverages existing
habits and knowledge from the physical
environment that feels familiar to the user.
Interaction styles that utilize existing
undemanding everyday skills such as pushing
a button or using speech is considered as a
way of making computer interaction feel
more natural.

(Weiser, 1993),
(Catenazzi et
al., 2012),
(Yamamoto et
al., 2015),
(Khosravi &
Ghapanchi,
2016),
(Brewer, 2016),
(Li & Jianting,
2009)
First Workshop
(3.3.2),
Second
Workshop
(3.3.3)

The principle
of error
prevention

Bridging technology should minimize the
feeling of anxiety towards computer use
through proper error prevention and/or

First Workshop
(3.3.2),
Second
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The principle
of integrity

functionality delimitation.

Workshop
(3.3.3)

A bridging technology must clearly
communicate its capabilities to the user so
that the user understands what integrity
issues might arise from using the artifact.

First Workshop
(3.3.2),
Second
Workshop
(3.3.3)

Table 3 - Design Principles

4.3 Implementation of Design Principles
The following table describes how the design principles were embodied in the
prototype.
Principle

Design Implication

The principle of
perceived
control

As a tangible object the prototype is available in the user’s
physical environment. This enables the user to see and feel
the prototype, making them feel in control.

The principle of
calmness

The prototype does not call for attention in an obtrusive
manner. Using a picture frame and a radio as the primary
means of obtaining information the object remains calm and
unobtrusive to the user.

The principle of
familiar
interaction

The prototype leverages the interaction patterns of familiar
devices; in this case a radio and a picture frame, making the
interaction feel familiar.

The principle of
error
prevention

The prototype is fully automated and does not have to be
explicitly interacted with. Automation removes the risk of
user errors.

The principle of
integrity

The prototype only supports one-way communication
focusing on observing SNS activity. Throughout the prestudy
we found that integrity issues are considered to only arise
from creating and sharing content, not observing.
Table 4 - Design Principles
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5 Results
The results chapter depicts the derived results from the prototype evaluation.
Extracts from interviews are mapped to each principle respectively.

5.1 The principle of perceived control
The evaluation showed different views of what control is and how the amount of
functions matter for the amount of control the user perceives. The prototype
supported two levels of feedback, either visual or both audio and visual
feedback. Being able to understand this relation and perceiving the control
options was shown among participants P2 and P1, who for example said, “oh, the
radio and the pictures are related.” (P1) when interacting with the radio.
The prototype basically had no controls; the radio however, had on/off, volume
and tuning. Some participants initially felt as though the lack of controls made
the prototype feel too limited, expecting it would provide more functions. For
example, P3 talked about video calls as a possible add on to the prototype to
make it more meaningful. P3, P4 and P5 asked for a way of being able to pause
and control the rate of which the images moved. Others, such as P1, explicitly
asked for a way of turning the device on or off.
Control of what content to show was also asked for by the participants. They felt
that they had to be able filter the content that is being displayed through the
prototype. P2 said he “need to be able to remove sources.”
When more explicitly asked whether they thought the prototypes features and
abilities would support seniors who are having trouble adopting technology,
participants P3, P4 and P5 thought of the lack of functionality as a key aspect.
“They [seniors] are fearful of doing wrong. What if something goes wrong? Oh my
god what is I supposed to do now? Is there somebody that can help me, a neighbor
or something? You can’t be sure that there’s a drop in nearby like the one we have.
[...] I think that a lot of the fear comes from having to push a button, ‘what if
something happens?’ [Do you believe that to be a risk here as well?] No. I think it is
better when there’s a radio and it loops automatically. Then you do not have to
press any buttons.” (P4)

5.2 The principle of calmness
During each interview we discussed the calmness of the artifact. When
questioned about whether the artifact would be considered as stressful in the
home environment the majority of participants (P1, P2, P4, P5 & P6) argued that
because of the size, the feeling of being in control and the speed of which the
artifact displayed new content they wouldn’t perceive it as stressful.
If it is from people I know it would be really fun to see. [...] Then I think it would be
terrific! ‘Oh! Look at that picture as I pass by’ or ‘What’s this now?’.” (P4)
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“It is an advantage [compared to traditional computers and smartphones]. It is
serene. The way it changes the images is superb, you actually get to see the images.
You can even count all the people in the picture. The tempo is important.” (P1)
Participant P1 and P2 didn’t even feel the need to turn the device of, saying that
it wouldn’t bother them to leave it turned on, contradicting the previous
statements regarding the ability to turn devices on or off. Two of the participants
(P1, P4) even considered having the display as company as they fall asleep
looking at the pictures.
“I usually do not want to fall asleep right away, I could probably lay in my bed with
one eye open looking at it.” (P1)

5.3 The principle of familiar interaction
When discussing familiarity of interaction with the participants, some
participants (P2, P4), saw the use of familiar everyday objects as a possibility for
seamlessly integrating social network sites in their lives. They found the frame to
be familiar everyday object, which they knew how to handle.
“I wouldn’t consider it [the picture frame] as bothering me. That one, I could turn
around if I’d like. (P4)
Others (P1, P3, P5, P6) saw the radio as an unnecessary accessory and that the
audio might just as well have come from the frame itself.
“I thought that it could be a part of the frame [...] I do not know. I guess it does not
really matter.” (P1)
Although some participants (P1, P3, P5, P6) argued that the frame would
perhaps work just as well without the radio they saw the value of using the radio
among seniors with less computer experience than themselves. Half of the
participants (P3, P5, P6) agreed on is that the artifact could not only work as a
less complicated substitute for computers, but also as a way of making those
anxious towards computers gain a increased interest in regular computers.
“This is a first step for those who find technology difficult. Once they realize that,
‘Oh! This wasn’t all that bad’, there’s an opportunity for further development” (P3)

5.4 The principle of error prevention
The limited functionality of the prototype was, according to participants P1, P4,
P5, and a way of reducing the risk for errors. Computers, tablets and
smartphones are often seen as a source of anxiety. On the subject of comparing
the interaction of the prototype with one of a smartphone/tablet or computer,
one of the answers were:
“It is the simplicity that stands out! You can’t cause any errors since there’s no
wrong buttons to push” (P2)
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During the workshops, discussions about computer anxiety arose. During the
evaluation this topic was returned to as participants claimed that they thought
the prototype would feel safe to use for those with computer anxiety (P3, P5 &
P6).
“They [seniors] are terrified to accidentally click the wrong buttons (P5) […] [Do
you think this would make it easier?] Oh yes. You wouldn’t have to do anything. You
do not have to send anything” (P6)

5.5 The principle of integrity
Issues of integrity arising from use of SNS and more broadly technology as a
whole were discussed during the evaluation interviews. All participants (P1, P2,
P3, P4, P5, P6) expressed a sense of caution towards the use of SNS. Some (P2,
P5) even chose to completely opt out from using SNS while other (P1, P3, P4, P6)
made sure to set up their SNS in a way that limited others from accessing their
profiles.
“[How come you do not use Facebook to connect with family and friends?] It is for
integrity reasons. Then I would let go of [long pause] I know a lot of people that
work with Facebook all the time. Integrity and ownership issues [...]. It could
spread. The question is how much of yourself you are willing to share. A lot of
people share a lot of information without thinking about it. “ (P2)
One participant (P4) believed that the design of the artifact could change the
attitudes towards SNS in regards to integrity, as it seemed less harmful than a
traditional computer.
“[When asked whether our artifact would appear to cause integrity issues] No, I do
not think so. [Why?] Because it is so simple. It is a screen and a radio. There’s no
remotes or buttons you have to press. I do not believe that this would feel as
threatening to their integrity. It is safe because there’s no wires or anything around
it.” (P4)
When asked whether the participants would turn the device off when visited by
friends or family participants P1, P2 and P4 said that they would turn the device
off as it is considered ill-mannered to leave it on. Not because they didn’t want
other people to see what could be regarded as personal information, but because
it would steal attention from the physical meeting.
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6 Analysis
In this study we have found five principles for designing bridging technologies
specifically targeting seniors and social network sites. Two of these principles were
merged during the evaluation analysis, leaving a total of four principles. A more indepth discussion of each of the four principles as well as the implications of
bridging technologies is presented below.

6.1 The Principle of Perceived Control
This study found control, or rather perceived control, to be an integral part of
any bridging technology. We chose perceived control over control as we have
found that a feeling of being in control differs from being in actual control.
Seniors find themselves displaced again and again by the rapidly changing
communication landscape (Hope et al., 2014). One reason for this is the fear and
anxieties of having to engage with new technology (Van House, 2015).
Throughout the study we have found control, or rather lack thereof, to be one of
the underlying issues in causing these fear and anxieties towards technology.
What we have found, through the evaluation analysis, is that there’s a connection
between the amount of control a user perceives and the level of computer
literacy they possess. Participants who rated themselves high on the computer
literacy scale (P1, P2, P3 and P4) were the same people that wouldn’t mind more
functionality and add-ons, without feeling a lack of control. The people who rated
themselves low (P5 and P6) on the other hand didn’t express the need to add
functionality, as it would only make the artifact feel more difficult to operate.
Although ubicomp is described as the next step in the computing evolution
(Lyytinen & Yoo, 2002) we have found that in order for a senior user to feel
control some level of visibility must remain. Being able to perceive the artifact as
a part of the user’s environment was discovered to be a critical part when
designing bridging technologies. This begs the question whether total
automation and invisibility is a desired characteristic of technology in the eyes of
seniors. Paradoxically some level of automation, such as with the auto-playing
digital picture frame, was perceived as being in control rather than the opposite.

6.2 The Principle of Calmness
Calmness has been found to be an essential attribute of bridging technologies.
Using the theories of calm technology as proposed by Weiser and Brown (1997)
we have discovered that the attention grabbing aspects of calm technology can
be transferred to a bridging technology in order to make it less stressful. The
workshops and the related literature points towards seniors often perceiving
technology as stressful (Weiser & Brown, 1997; Jafarinaimi et al., 2005). This
study reinforces the notion of seniors thinking of modern technology as stressful.
What we have also found is that by using a common household object, such as
the picture frame and radio, we managed to design a calm experience.
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Seniors can find technology as a source of anxiety and stress (Hope et al., 2014,
Lindley et al., 2009). Weiser and Brown (1997) argue that computer can better
fit into our everyday lives by embedding them into its user's surroundings and
everyday objects. What we have found is that when embedded into everyday
objects, computers are no longer seen as technology, and is therefore perceived
as less stressful.
Seniors often find the availability that technology provides as stressful (Lindley
et al. 2009). When receiving an email or text message seniors often feel as
though they have to respond immediately (Lindley, 2009). This study found that
limiting the functionality of the bridging technology can reduce the feeling of
having to be available and ready to respond at any time. In this case we opted to
only support one-way communication. Although a SNS is characterized by the
ability to reciprocate (Boyd & Ellison, 2007) and that previous research have
shown that seniors express a need to reciprocate (Lindley et al., 2009), we were
surprised to learn that not being able to reciprocate within the SNS produced a
sense of calm. Several trade-offs had to be made in order to design what is seen
as a calm experience. By reducing the functionality of the artifact we also limit its
users ability to socialize through it.

6.3 The Principle of Familiar Interaction
Being displaced again and again by the rapidly changing communication
landscape seniors struggle to keep up (Hope et al., 2014). This study found
familiarity to be an important part of a bridging technology. Introducing familiar
objects with extraordinary functions has yielded positive results in similar
studies such as Breakaway (Jafarinaimi et al., 2005) and Digital Family Portraits
(Mynatt et al., 2001). We have found that the attributes of the object chosen to be
designed as a bridging technology are an important aspect of the design process.
The attributes that the object inhabits play a major role in how the user expects
to interact with it. For example during the evaluation, none of the participants
attempted to interact with the picture frame because it conveyed limited
interaction possibilities. Interaction with the radio on the other hand was more
intuitive or familiar to interact with. We found that our participants assumed
that the prototype didn’t have an on/off switch; instead they thought that they
could just turn the frame down, just as you would an ordinary picture frame.
This also aligns with the findings from Digital Family Portraits (Mynatt et al.,
2001) who found that the picture frames affected the way the users interacted
with their prototype.
During the workshops the word simplicity kept coming up as a favorable trait of
digital technology. At first we confused simplicity with reduced functionality and
complexity such as fewer buttons to press or bigger screens. During the second
workshop we began to notice a pattern describing how familiarity and habits
might support otherwise complex interactions. Simplicity on the other hand
proved to sometimes be an unfavorable trait when actually applied to
technology. Using speed dial as opposed to spelling out a person’s name on the
phone went against the habits of the user causing confusion rather than
simplicity.
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6.4 The Principle of Safety
The principle of error prevention and the principle of integrity are so tightly
connected that it is difficult to separate them. Instead we opted to merge these
principles into the principle of safety. What we found in this study is that both
error prevention and integrity was used to express a need for safety among the
participants.
Seniors often struggle with the adoption of technology (Saunders, 2004; Hope et
al., 2014). We have found one of the causes to be the anxiety and fear towards
technology. In this study we have found that these anxieties and fears are tightly
connected with the errors and integrity issues that are likely to occur while using
technology. Therefore technology must feel safe to use for a senior to even
consider using it in their lives. Automation, described by Nehmer et al. (2006) as
a common feature of an ambient intelligence system, turned out to be one way of
reducing the amount of errors, and in turn integrity issues, which could arise
from using technology, making it feel safer.
During the evaluation we found that by limiting the functionality of the
prototype we could make it feel safer to use. As with the principle of control, the
principle of safety is an important aspect when addressing senior’s computer
anxieties. As tempting as it might seem to limit functionality, it has to be done
with caution. It was therefore important to understand what is essential for the
particular bridging technology based on user’s needs.
Particularly social bridging technologies should be designed with integrity in
mind to feel safe. The integrity of the participants turned out to be a key issue
when it comes to using SNS. Since a bridging technology merely bridges an
existing service or technology we found that a bridging technology becomes
almost completely dependent of the service or technology it bridges. In this
particular study, focused on the bridging of current SNS, we found that measures
can be taken to make a bridging technology seem less of an integrity risk than
the service it bridges. For example by being articulate in its capabilities for
sharing or receiving social network posts.
Seniors attitudes towards SNS might stem from what media reports, their own
experiences or what they’ve been educated about the SNS. In any case, this needs
to be accounted for when designing with integrity in mind so that users feel safe
and in control of both what and who they share with, as well as from who and
what they receive posts from.
Valuing the social connectedness the most, and at the same time fearing being
seen as nuisance in the younger relatives lives (Hope et al., 2014; Lindley et al.,
2009), presents a complicated challenge. The users felt that the design was safe
and took account for their integrity concerns by being perceived as easy to
control, errors being prevented. Simply allowing them to decide when and if to
display their social network activity if someone would visit, would suffice and
providing a safe interaction. They seemed able to understand this because of the
familiar interactions used in the design.
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7 Discussion
Our society is changing. The role which technology plays in our society is
growing rapidly [4] and meanwhile the world’s population is ageing [1]. Even
though technology is believed to support and prevent age related issues such as
social isolation [2] technology is often targeted towards younger people, making
technology less suitable for seniors who continue to struggle to adopt it
(Goswami et al., 2010; Hope et al., 2014). This, in turn, has led to a situation
where new ways of approaching the design of ICT are being called for (Jaschinski
& Allouch, 2015; Van House, 2015; Dahl et al., 2013, [2]).
By examining both the context of seniors and technology as well as previous
research within the domain of non-traditional computing we’ve found
alternative ways of approaching the issue of technology adoption among seniors.
One of these alternatives, namely bridging technologies, are considered to be a
way of accounting for age-related needs, cultural practices and preferences in
order to increase the wellbeing of seniors by lowering the barrier of computer
interaction (Hope et al., 2014; Coelho & Duarte, 2016). Bridging technologies can
leverage what seniors have present in almost every home, such as family
portraits (Jafarinaimi et al., 2005) or pencils (Hope et al., 2014) as vehicles for
the adoption of online services (Coelho & Duarte, 2016). Since bridging
technology is a relatively recent domain we examined similar domains for
alternative views on computing.
What we learned is that these views align well with the goals of bridging
technologies, i.e. accounting for age-related needs, cultural practices and
preferences of seniors (Hope et al., 2014).
Ambient intelligence, one of the examined domains, is known to provide new
opportunities in the field of social interaction and new means to overcome the
barriers that exclude many people from accessing social interaction technologies
(Catenazzi et al., 2012). This study found that the issues of anxiety and fear
towards technology could be met by characteristics commonly found within the
domain of ambient intelligence. In this case, automation provided a sense of
safety among the users. The augmentation of common everyday objects is not
unique for bridging technologies. Ubiquitous and pervasive computing aims to
enhance computer use by making computers accessible through the physical
environment (Weiser, 1993). We discovered the importance of using physical
space, in this case the home environment, to leverage technology for users to feel
in control of their technological artifacts. Hence we could meet the needs of
seniors by embedding technology in everyday objects. Technology is often
considered stressful among seniors, usually calling for attention in an obtrusive
manner (Lindley et al., 2009). Calm technology offered views on technology that
would make it less stressful and more fitting in our everyday lives (Weiser &
Brown, 1997). Calm technology aim to make ICT, which is often regarded as
stressful, more calming by understanding how it grabs our attention and moves
in and out of our periphery (Weiser & Brown, 1997; Jafarinaimi et al., 2005). This
study found that the augmentation of everyday objects found in the home
environments of seniors could help create a glanceable and calm experience.
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Using everyday objects as hosts for technology as an alternative to traditional
computers and smartphones helped change the participant’s previously negative
attitudes towards technology.
By implementing bridging technologies as alternatives to the current technology
that seniors struggle to interact with, issues might occur. Users of a bridging
technology might show no interest in developing their computer skills further as
a bridging technology offers no obvious way of taking a next step towards
learning more about computers. Being a closed system with little to no
interaction possibilities each bridging technology serves a single purpose that
does not allow for experimentation and exploration. It therefore remains unclear
whether the implementation of bridging technologies is a short or long term
solution to the issue of low computer literacy and anxiety towards computers.
Although bridging technologies have shown to be successful in lowering the
barriers of computer interaction in this particular context further research of
long term implications is necessary.
Communication technologies are, as we’ve already mentioned, rapidly changing
(Hope et al., 2014). We have learned that technology is short-lived and prone to
change; therefore discretion should be applied when designing bridging artifacts.
If a bridging technology strays too far away from the service or technology it
intends to bridge and becomes unrecognizable it might lose some level of
meaningfulness. On the other hand, not adapting to the characteristics and
attributes of the object that serves as a bridge might confuse the user and
therefore decrease the familiarity of the object. As designers we need to look for
similarities in the objects we chose for the design of bridging technologies and
the services that we intend to bridge.
In order to create a sustainable society efforts needs to be made to strengthen
the ability of older people and to help them face the challenges that comes with
ageing [2]. However, this study is particularly concerned with technology and
seniors, there’s likely other groups of people that might benefit from similar
efforts. As our societies are becoming more and more dependent on ICT, and SNS
as a way of socializing the need for inclusion grows. In order for those outside of
the norm to truly be a part of our society more efforts needs to be made.
Technology should not be an obstacle for participation, but rather a facilitator.
We believe bridging technologies to be one of those efforts, removing obstacles
and enabling participation.
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8 Conclusions
Here we conclude the study with the final design principles.
In this study we have formulated four principles meant to guide designers in the
design of bridging technologies in the context of seniors and SNS. Through a
literature study we formulated the initial three principles. Two additional
principles were added as a result of the prestudy. Through the evaluation
analysis however, these two were grouped to the principle of safety instead. The
purpose of our research was to understand how technology, and SNS in
particular, can be designed to better meet the needs of seniors. Here we
contribute with our principles for bridging technologies:
Principle

Description

The principle
of perceived
control

The user itself must dictate the terms of which a SNS can
reach the user. It also needs a physical presence in order to
feel controllable by the user. What is part of the user’s
physical space is considered to be more easily controlled than
the user interface of a screen.

The principle
of calmness

A bridging technology artifact should exhibit some level of
invisibility in order to feel non-intrusive to the user. It can also
be embedded in a familiar objects so as not to be seen as a
technology.

The principle
of familiar
interaction

The interaction styles of a social bridging technology artifact
have to feel natural. Natural in a sense that it leverages
existing habits and knowledge from the physical environment
that feels familiar to the user. Interaction styles that utilize
existing undemanding everyday skills such as pushing a
button or using speech is considered as a way of making
computer interaction feel more natural and easily accessed.

The principle
of safety

Bridging technology should minimize the feeling of anxiety
and fear towards computer use through proper error
prevention and awareness of the integrity issues that might
arise from using the artifact.
Table 5 - The final design principles

The principles were evaluated through the evaluation of the prototype that was
designed to match each principle. The results were then analyzed in order to
reinforce the principles.
The initial four principles are meant to serve as a more general guide to
designers tasked with designing technology for seniors. The last principle is
more specifically aimed towards the use of SNS through bridging technologies.
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This study contributes with extended knowledge of what Hope et al. (2014)
describes as bridging technologies. It also aims help anyone involved with the
design of technology to understand the characteristics of ubicomp, pervasive
computing, calm technology, ambient intelligence and ambient assisted living
and how they can be used to design bridging technologies. By implementing each
of the proposed principles artifacts can hopefully be designed to better serve the
needs of those outside of the norm. Bridging technologies can thus help address
the individual and societal challenges that arise from an ageing population while
empowering seniors to remain independent, as they grow older.

8.1 Suggestions for Further Research
In this study we have contributed with a collection of design principles that can
be used to better guide the design of bridging technologies in the context of
seniors. These can be further explored since we focused on a specific user group,
context and service to bridge. In order for our society to properly meet the
challenges of population ageing and the individuals that it affects in a sustainable
way, more efforts needs to be made. Through further research within the domain
of bridging technology the design principles can evolve as future researchers
implement them in more developed applications and other contexts. This could
in turn generate additional insights in how bridging technologies can be
designed.
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Appendix
Appendix - Prototype Evaluation
Use Cases
Du befinner dig i ditt hem. Du ser en intressant bild på skärmen och vill veta mer. Hur går du
tillväga?
Du ska nu göra någon syssla i hemmet, tex slå på vattenkokaren. Hur väl fungerar artefakten
när du inte lyssnar aktivt? Väljer du att ha den igång?
Du sitter och lyssnar på ett vanligt radioprogram när du ser något intressant på artefakten. Hur
går du tillväga?
Du är på väg att lägga dig. Hur gör du då med artefakten?
Du får besök av hemtjänsten. Vad gör du?

Interview
(Inledande frågor)
• Vad var bra?
• Vad var dåligt?
• Om du hade fått ändra något, vad hade det kunnat vara?
(Principle of perceived control)
•
•
•
•

När skulle du använda den?
Hur vill du att den ska bete sig när du inte är där?
Tycker du den känns enkel att använda? Varför?
Hur ser du på att någon annan skulle ställa in den här åt dig?

(The principle of calmness)
•
•
•
•

Hur hade den passat i ditt hem?
Hur tror du att den här skulle upplevas i hemmet? Stressfull? Varför? Varför inte?
Byter den bilder/spelar upp i en lagom hastighet?
Hur skulle det kännas att ha den här i bakgrunden i hemmet?

(The principle of familiar interaction)
•
•
•

Hur skiljer sig det här från att använda en dator/iPad/smartphone?
Hur känner du inför att ha radion som kontroll för sociala medier?
Tror du att en sådan här lösning hade fungerar för äldre? Varför?

(The principle of error prevention)
•
•
•

Hade du varit bekväm med att slå av/på och använda den själv?
Hur upplever du risken att göra fel med artefakten?
Om risk för fel, vilka fel skulle det kunna vara, och ser du dem som oväsentliga,
relevanta eller kritiska?
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(The principle of integrity)
• Integritet diskuteras ofta i samband med sociala medier, hur tror du denna artefakten
påverkar det?
• Vår prototyp stödjer inte tvåvägskommunikation (t ex att like;a eller kommentera),
vad tycker du om det?
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