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Abstract

This work identifies the weaknesses of the conventional UCD methods and presents a
conceptual model for modifying standard UCD research procedures in such a way that
they will be appropriate and supportive for the design and development of multiscreen ehealth applications for elderly people. The suggested model would be used for adapting
selected UCD methods for the targeted population and e-health applications’ usage
contexts. A multiscreen e-health application named Med-Reminder was used in order to
evaluate the modifications of the UCD methods and compare the efficiency of the
modified UCD methods with the efficiency of the standard UCD methods. The usercentred design efficiency scale (UCD_ES) and heuristic observation were used to
compare the efficiencies of the standard and modified UCD methods and to determine
which UCD methods would be more appropriate when doing research with elderly people
within the e-health domain.
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Povzetek
Doktorsko delo predstavlja pomanjkljivosti konvencionalnih metod za uporabniškoorientirano oblikovanje in načrtovanje ter predstavlja konceptualni model za spreminjanje
standardnih postopkov raziskave na način, da bodo ti postopki primerni za oblikovanje,
načrtovanje in razvoj več-zaslonskih aplikacij na področju e-zdravja za starejše ljudi.
Predlagani model smo uporabili za prilagoditev izbranih metod za uporabniško-orientirano
oblikovanje in načrtovanje za ciljno populacijo ter za ciljni kontekst uporabe. Da bi ocenili
spremembe in naredili primerjavo učinkovitosti spremenjenih metod z učinkovitostjo
standardnih metod za uporabniško-orientirano oblikovanje in načrtovanje, je bila
uporabljena več-zaslonska e-zdravstvena aplikacija, poimenovana Med-Reminder. Da bi
ugotovili katere metode, standardne ali spremenjene, so bolj učinkovite pri opravljanju
uporabniško-usmerjenih aktivnosti s starejših na področju e-zdravja, smo uporabili lestvico
za ocenjevanje učinkovitosti metodam za uporabniško-orientirano oblikovanje in
načrtovanje (UCD_ES) ter hevristično opazovanje.
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1 INTRODUCTION
The number of people using information and communication technology (ICT) services
and applications worldwide has considerably increased over the last decade and is still
growing, as shown in Figure 1.

Figure 1: Global ICT developments for period 2001-2011

1

In addition to communication, a significant percentage of Europeans are using ICTs,
especially the Internet, in order to read online news and to search for information on
education, training, health, travel, and accommodation [78].

According to Seybert et al [78], the percentage of people in Europe using the Internet for
health-related purposes is 54 % of all Internet users. Moreover, Kummervold et al [52]
discovered that the use of the Internet as a source for health information is growing within
all age groups, and for both men and women. During their population study, Kummervold
et al. experienced online health users were also using ICT services and applications as
communication channels, both for reaching health professionals and for communicating
health issues with their peers.

1

Source: ITU Measuring the Information Society 2012/ ICT Indicators database. Chart used with
permission from the International Telecommunication Union.
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In relation to these findings, the Internet and other ICT systems represent extensive
opportunities for employing modern communication technology throughout the healthcare
field in order to improve the delivery of healthcare and provide more convenient and more
efficient healthcare services to people within their homes [20].

The European Commission report on ICT for Health and i2010 [30] suggested that the
way healthcare was currently delivered needed to be extensively reformed. The
demographic changes and the increasing number of chronic diseases would only worsen
and make the situations within the healthcare systems unsustainable. It was because of
this that the report called for a new healthcare delivery model based on preventative and
human-centred health systems. According to the report, the new healthcare model could
only be achieved through the proper usage of ICT in combination with appropriate
organisational changes and skills [30]. The field that represents the promotion of ICT for
supporting, improving or enabling the health and healthcare systems, is widely known as
e-health [66]. The term e-health was initially introduced in the late 1990s as a new term for
describing the combined usage of ICT, especially the Internet, throughout the health
sector.

Despite all the obvious benefits of introducing e-health, institutions and organisations are
still spending enormous amounts of resources on e-health projects that eventually fail.
This usually happens when the e-health services do not meet the users’ needs and
expectations, not only in terms of inappropriate functionalities but also in terms of poor
acceptance, usability, and user experience [107]. Usually, research activities during ehealth projects are focused on aspects such as technical feasibility and medical treatment.
However, in order to entirely exploit the potential of e-health technologies some additional
aspects, such as acceptance and usability issues, have to be taken into account.

Numerous guidelines exist for supporting the user-interface designs of e-health systems
for all the different types of users. However, relying solely on user interface design
guidelines is not enough [69]. Insufficient user involvement in the design and product
architecture of e-health systems and the lack of evidence demonstrating the impact of ehealth systems, hinders users’ acceptances and adoptions of such systems. In order to
understand which e-health products and services users value the most, and how to best
provide these products and services, designers and product architects need to involve the
target users of the e-health products and services throughout the entire design and
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development processes [1]. This means that, in addition to expert-driven approaches,
user-oriented approaches should also be employed [98, 99]. When target users
participate in the design and development process, they are involved in the creation of a
new e-health technology that meets their needs and expectations. At the same time, users
are creating a sense of ownership and trust in the e-health technology being developed.
For example, during their research Sillence et al. [104] tried to discover why users reject
some health web-sites as being untrustworthy. They discovered that 83% of users’
comments were related to design factors, such as: look and feel, poor navigation, colour,
text sizes or text fonts.

User-involvement in e-health technologies is often limited to the design stages [95].
However, users need to be involved continuously throughout the development process –
from the conceptualisation phases until the very end i.e. testing the new technology
together with the users. This approach, where extensive attention is paid to the needs,
requirements, and limitations of the users at each stage of the design process, is known
as user-centred design (UCD) [101]. Various UCD methods and techniques are wellknown and widely-used, both within academia and in the research community.

However, conventional UCD methods and techniques are generally inappropriate for a
wide diversity of users, contexts, technologies, and product types [63, 76, 87and 75]. Part
of this problem lies in the differing user characteristics, needs, languages, cultures,
environments, and motivations amongst the vast number of users. For example, UCD
methods that are shown to work well with one group of users are unlikely to be reliable for
others, such as those with special needs [87]. Additionally, some individuals are limited by
digital and information illiteracy or limited access to the Internet [26]. This is especially true
for elderly people. Elderly people grew-up before the rapid advance of ICT started and do
not have the same skills, knowledge, and experiences as those who use ICT on a daily
basis [54].

On the other hand, elderly people represent the fastest growing user-segment regarding
ICTs and the Internet [39]. Additionally, the number of elderly people around the world is
continually increasing, especially in the more developed countries. For example, in 2000
the number of people older than 65 years was 421 million, which is 6.9 % of the world’s
population. It is estimated that by 2050, the number of people older than 65 will be 1,465
million i.e. 16.1 % [14]. A European survey showed that the older people are, the more
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they depend on medical and social care [85], which can dramatically affect societies’
economic and social structures. However, e-health with its benefits could help to maintain
the efficiencies of these structures [30].

In relation to the previous findings, elderly people are probably the one group of people
who could benefit the most from e-health. However, elderly people usually have problems
with or do not use e-health applications at all. One of the possible reasons for this is that
experimental research into human-computer interaction (HCI) usually only considers
participants that are young, highly educated, and with technical knowledge [25].
Furthermore, Thimbleby [87] suggests that “Almost all UCD studies (or developments
using UCD methods) have been performed on »standard« users and indeed often
undergraduate students who, for instance, generally don't have cognitive problems”. So,
most of the current systems, software in particular, are traditionally designed for younger
people without cognitive problems and with high digital literacy [54]. As a result, such
software can be either difficult or impossible to use by people with limited digital literacy,
especially by the elderly. When involving elderly people in the design process of e-health
services it should be taken into account that older adults have different needs, concerns,
priorities, and expectations compared to other groups of people. This is because of the
natural physical and cognitive changes that come with aging, such as: declining vision,
hearing, psychomotor coordination, reduced attention-span, declining

memory, and

changes in spatial ability [102].

Leonardi et al [54] discovered that elderly people would like to use modern technology,
but had problems with it as it seemed user-unfriendly towards them. Hence, these authors
involved elderly people during their research and thus presented a design approach for
the elderly based on familiarity. However, during their research they used conventional
UCD methodologies and focused only on the design phase from the development process
point of view.

The development of methodologies that address the specific difficulties of designing for
older people was one of the central foci of the UTOPIA project [24]. As part of the project,
Dickinson et al [25] reported methodological and organisational experiences from a range
of research studies with elderly people and presented some guidelines for maximising the
research outcomes when working with older adults. Even though useful, the provided
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guidelines were very general and could not be used for a wide-range of e-health
applications and services.

Elderly people were also the target group during the SOPRANO project [59]. In order to
address elderly people, researchers have used methods based on the Experience &
Application Research (E&AR) approaches. During the project, the project team
continuously consulted the end-users about what they wanted, what they liked, and what
they disliked, instead of looking at a list of user requirements, developing a prototype, and
testing it [5]. The methods used during the SOPRANO project were even more generally
described than the methods used in the UTOPIA project. Additionally, the same methods
were used for a wide-range of different ambient assisted-living technologies. So, the
results of the SOPRANO project were insufficient for supporting the researchers regarding
their UCD studies for e-health applications and services. On the other hand, in her
licentiate thesis, Johanna Viitanen presented various UCD methods that could be used for
different e-health applications, but the methods proved to be unadoptable for different
types of users [100].

The presented findings clearly indicate the need and importance for satisfactory usability
of the e-health products for elderly people. The UCD approach can provide a solution by
connecting the users’ demands and abilities with the products’ functionalities. However, as
already stated, UCD cannot be considered as a universal solution when designing, as
UCD is not a fixed set of techniques and methods that work reliably, regardless of the
user population and the context of usage [87].

In order to address this issue, the presented thesis systematically analyses conventional
UCD methods and evaluates them from the perspective of the context of usage, i.e. the ehealth field, and the perspective of the targeted user population, i.e., elderly peoples’
physical, social, and psychological characteristics.

1.1 Thesis objectives
The aim of this doctoral thesis was to identify the weaknesses of standard UCD methods
when applied to elderly people, and to determine the extent to which standard UCD
methods should be modified in order to be appropriate and supportive for the design and
development of user-centred e-health applications for elderly people.
14
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The research hypotheses of the thesis are:
•

Q1. Conventional UCD methods are not universal and cannot be optimally
deployed when designing e-health applications for elderly people.

•

Q2. The effectiveness of those UCD methods that have been modified for e-health
applications regarding elderly people can be evaluated and compared to the
effectiveness of the conventional UCD approaches.

•

Q3. Those E-health applications where modified UCD methods are being deployed
have a better opportunity for higher adoption and acceptance rates amongst the
target population of elderly people than other e-health applications.

The original scientific contributions from the research are:
•

Analysis of limitations and disadvantages of standard UCD design concepts for
elderly people within the field of e-health.

•

Modification and adaption of UCD methods for e-health applications for elderly
people and the evaluations of conventional and adapted UCD methods.

•

Guidelines for doing UCD research for e-health applications with elderly people.

•

Improvement proposal for ISO 9241-210:2010 (Ergonomics of human-system
interaction -- Part 210: Human-centred design for interactive systems) standard
with focus on UCD for elderly people.

An e-health application named Med-Reminder [81] was used in order to evaluate the
modified UCD methods and compare their efficiencies with the efficiencies of the standard
UCD methods. The Med-Reminder application is a multiscreen application that can be
used with various devices, such as: TV, smart-phone, and tablets.

1.2 Research work’s structure
The entire research work during the doctoral thesis was divided into four sections (Figure
2):
•

literature review in the areas of e-health, UCD and elderly people (Chapters 2-4),

•

identifying the weaknesses of the standard UCD methods and modifying them to
be appropriate for e-health applications for elderly people (Chapter 5),

•

Med-Reminder study (Chapter 6) and

15
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•

Efficiencies’ evaluations between conventional and modified UCD methods
(Chapter 7).

During the initial phase of this doctoral thesis, a systematic literature review was
conducted into the areas of e-health applications usages and development, UCD
methods, physical and cognitive functions of elderly people, and social and community
aspects of aging.

The literature review findings were used to identify the weaknesses of previously selected
standard UCD methods, and then how to modify these methods in order to adapt them for
doing research with elderly people into multiscreen e-health applications.

In the next phase, both the standard UCD methods and the modified UCD methods were
respectively deployed within a research study regarding the Med-Reminder application.

The last phase determined the efficiencies of both the standard and modified UCD
methods. A user-centred design efficiency scale (UCD_ES) was used to compare the
efficiencies of the standard and modified UCD methods and determine which UCD
methods are more appropriate when doing research with elderly people within the ehealth domain.

16
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Figure 2: Four main research work phases
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1.3 Scope of the Thesis
Varieties of publications are available on age-related changes and how these changes
affect elderly people’s physical and cognitive abilities. One of the challenges of this thesis
was to determine how changes that are considered to be a normal part of the aging
process relate to UCD research with elderly people, and to provide guidelines for doing
UCD research with elderly populations. The thesis focuses on elderly population, but does
not contain information, or provide guidelines for doing research with elderly people with
specific diseases or conditions, such as: glaucoma, Parkinson disease or dementia.
People with such diseases have characteristics that would require enormous
modifications of the standard UCD research procedures, and which would usually be
inapplicable for the majority of the elderly population. Nevertheless, the work presented in
this thesis could serve as groundwork for future research into modifying UCD for elderly
people with specific diseases or conditions.
The selected topic for the thesis is very broad. Several assumptions and limitations had to
be made during the study due to the limitations on resources.
The following assumptions were taken into consideration:
•

Elderly people have low digital literacy;

•

Maintaining autonomy and independence is important for elderly people;

•

Results of studies conducted in other parts of the world are applicable also for
Slovenia, since some of the environments in which the studies were done are
equivalent or at least very similar to Slovenia’s,

•

The test environments and experimental procedures are representative of real
world situations where e-health products and services would be used;

•

The used samples from that test’s participants are sufficiently representative.

The following limitations were taken into consideration:
•

Only a subset of the user-centred design method’s spectrum can be addressed
during the research study.

The number of UCD methods is enormous. In order to make this thesis manageable, we
analysed which UCD methods are more commonly used throughout academia, research,
and practise. Consequently, only five of the more commonly used methods became part
of the further research in this thesis. Since we had discovered that several modifications
18
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are repeated for different methods, we assumed that those guidelines provided at the end
of the thesis

that result from the research findings, would be usable for providing

modifications and adapting other UCD methods when doing research with the elderly.
•

Limited number and locations of study participants due to problems with the
availabilities of elderly people.

Although the research study for the thesis was conducted using a small group of
participants from Slovenia, general perceptions of aging and age-related changes,
especially the biological ones, are similar in most of the developed countries [56]. Since
our research focused on such age-related similarities, the findings of this thesis are
applicable for providing the basis of doing UCD research with elderly people in different
developed parts of the world.
•

Evaluation was carried out on a reduced number of variations regarding a single ehealth application (Med-Reminder).

The aim of the thesis was not to create e-health applications with optimal user experience
that would be functionally and technically superior, but rather to evaluate whether the
modifications suggested for adapting standard UCD methods would be appropriate for
elderly people regarding e-health applications. However, although Med-Reminder was
used only as a means of evaluating the UCD methods’ modifications, the study’s
participants showed high motivation towards using the Med-Reminder application.
Therefore, despite the fact that only one multiscreen e-Health application (Med-Reminder)
was designed and developed during the research study; the findings could be applied for
most of the multiscreen e-health applications.

Despite the limitations and assumptions made during the research, the thesis’ findings
could be generalised regarding the target population of elderly people and the target area
of e-health, and therefore represent a basis for subsequent research into those related
areas.
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1.4 List of publications
The findings presented in this thesis are the result of three years cumulative research.
During that time, some parts of the research have been published in journals and
presented at different conferences. The findings and excerpts from the more important
journal papers listed within this section, are also included in the thesis:

Paper 1: STOJMENOVA, Emilija, DEBEVC, Matjaž, ZEBEC, Luka, IMPERL, Bojan.
Assisted living solutions for the elderly through interactive TV. Multimedia tools and
applications, Published online 10 January 2012.

The paper presented an application called MedReminder, which extends the functionality
of existing devices providing interactive TV and helps to increase the quality of life for the
elderly. The MedReminder application is used to remind people to take their medicines
correctly and on time or to call a relative or a medical person in an emergency situation.
Since the graphical user interface was adapted for the elderly, MedReminder is easy to
use without previous training. For evaluating the graphical user-interface, navigation and
the general usability of the application, and hence the identification of key aspects that
increase the adoption rate of assisted-living applications amongst the target population, a
methodology for a user evaluation study was designed and conducted. User evaluation
study results are presented in the paper.
Paper 2: GUNA, Jože, KOVAČ, Rok, STOJMENOVA, Emilija, POGAČNIK, Matevž.
MedReminder

-

an

interactive

multimedia

medical

application

for

the

IPTV

environment. Lect. notes comput. sci., str. 635-644, ilustr., doi: 10.1007/978-3-642-253645_45.

The paper presented the architecture and functionality of an interactive multimedia
medical application, integrated into an existing IPTV service framework. The
MedReminder application is implemented within a XBMC multimedia platform and is
integrated alongside interactive TV live and on demand multimedia services, providing
easy to use and intuitive user experience. It is a client-server based application
connecting different target user roles: doctors as medicine prescribers, patients as
medicine consumers, and patient caregivers. It allows for a centralised collection of
medicine-related reminder information. Consequently, the system provides user
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notifications on TV screens and through other communication channels, such as SMS
messages, e-mails, and telephone calls, which are used in case the consumption of the
prescribed medicine has not been confirmed. Several usage case-scenarios are
discussed including the possibility of dynamic medicine prescriptions, based on doctors’
remote readings of patients’ medical parametres (e.g. blood pressure, body weight,
temperature etc.), using the integrated personal health system.

Paper 3: STOJMENOVA, Emilija, IMPERL, Bojan, ŽOHAR, Tomaž, DINEVSKI, Dejan.
Adapted user-centred design : a strategy for the higher user acceptance of innovative ehealth services. Future internet, 2012, vol. 4(3), pp. 776-787, http://www.mdpi.com/19995903/4/3/776.

Being familiar with all the benefits of e-health and the strategic plan for the Slovenian
health sector’s informatisation, Telekom Slovenia and the Faculty of Medicine from the
University of Maribor, along with other partners, initiated an e-health project. The project
group developed various e-health services that were based on modern ICT (information
and communication technology) solutions and would be available on several screens. In
order to meet the users’ needs and expectations and, consequently, achieve a high
acceptance of e-health services, the user-centred design (UCD) approach was employed
in the e-health project. However, during the research it was found that conventional UCD
methods were rather appropriate for older adults: the target population of the e-health
services. That is why the selected UCD methods were modified and adapted for older
adults. The modified UCD methods used during the research study were presented in this
paper. Using the results of the adapted UCD methods, a prototype for a service named
MedReminder was developed. This prototype was evaluated by a group of 12 study
participants.
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2 E-HEALTH
Even though the term e-health is commonly used nowadays by many individuals,
academics, and practitioners, the term e-health was barely used before 1999. According
to Eysenbach [32], at the beginning the term e-health was used by industrial leaders and
marketing people, and not by academics. The term was created in accordance with other
e-words, such as: e-commerce and e-learning, in order to present the new opportunities
and challenges the Internet was opening within the healthcare area. Even though the term
was created within such a context, the ‘e’ in e-health does not stand solely for ‘electronic’,
but implies a number of other ‘e’s’ that characterise e-health, such as: efficiency,
enhancing quality, evidence-based, empowerment, encouragement, education, enabling,
extending, ethics, equity, easy-to-use, entertaining, and exciting [32].

There are many different ways that the term e-health has been applied and defined. In
their paper Oh et. al. presented 51 unique definitions of e-Health they had found as a
result of their systematic review of the peer-reviewed literature. Some of the e-health
definitions were very general and really short. For example the shortest e-health definition,
presented by Marcus and Fabius was as short as 3 words: “Ehealth is connectivity”. On
the other hand, some of the e-health definitions were highly specific and relatively long.
The longest definition found in the systematic review was as long as 74 words: “eHealth
signifies a concerted effort undertaken by some leaders in healthcare and hi-tech
industries to harness the benefits available through convergence of the Internet and
healthcare. Access, cost, quality, and portability have been concerns within the healthcare
arena. It's evident from many recent surveys that both health consumers and healthcare
professionals are frustrated by the maze of healthcare delivery and, therefore, some are
turning to the Internet for answers and cost-effective solutions” [66]. According to the
European Commission, ‘e-health’ is the overarching term for the range of tools based on
information and communication technologies used to assist and enhance the prevention,
diagnosis, treatment, monitoring, and management of health and lifestyle” [29].

The more general and widely-used definition for e-health is “the use of emerging
information and communication technologies, especially the Internet, to improve or enable
health and healthcare” [66].

Various studies [31, 34 and 75] have concluded that e-health is effective in terms of:
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•

Significant cost reductions for the patients and the health system.

E-health can reduce the need for travel and the number of hospitalisations. Additionally, it
provides the possibility of safe monitoring at home, within familiar environments, and
community networks. For example, Heinze [41] has estimated that it is possible to save
up to 30% of total costs through remote monitoring and providing services at home for
patients with cardiovascular diseases.
•

Increased health service efficiency.

For example, using new ICT can reduce the time that health workers spend on datahandling tasks. As a result, health workers are able to spend time for other, more valuable
health interventions. Additionally, by making health data accessible across various
devices, ICTs can also enable faster health decisions and actions. Furthermore, ICTs can
increase the number of cases the health processes can handle without affecting the
amount of staff or associated costs.
•

Increased technical quality and usability.

For example, ICTs can improve the quality of data held within health systems, which can
enhance the precision of health decisions, efficiency of actions at the operational level,
and at the managerial and policy levels.
•

And increased user satisfaction.

For example, ICTs can make services better and easier to use and operate.

2.1 Current state of e-health
Following the European Commission (EC) action plan for a European e-health area “ehealth – making healthcare better for European citizens” [30], Member States of the
European Union (EU) committed themselves “to developing a national or regional
roadmap for e-health.” As a result, most European countries have made considerable
progress towards modern e-health infrastructures and implementations [84]. Additionally,
several authors have reported they expect the next generation of healthcare systems to
be mainly located within the patients’ home environments [75].
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In order to investigate the trends and patterns of health-related usage of the Internet in
Europe, Kummervold et al. [52] conducted a population-based study. The main objective
of the study, first conducted in October-November 2005 and repeated in April-May 2007,
was to estimate the change in the proportion of the population in Europe using the Internet
for health-related purposes. A representative sample of 14,956 citizens from seven
European countries was used during the study. The study’s results showed that the
European population of all age groups and of both genders is increasingly using the
Internet as a source of health information. Additionally, the study’s results demonstrated
that even experienced Internet users were also using the Internet as an active
communication channel for reaching health professionals and exchanging health
information with their peers.

2.2 E-health use and development in Slovenia
Similarly as with other countries in Europe and most of the world, Slovenia is faced with
unfavourable demographic changes and increasing costs regarding treatment. According
to the Slovenian Ministry of Health, e-health is the solution which provides cost
containment without impairing the healthcare quality [72]. Slovenia’s e-health strategy and
operational plan “e-Zdravje2010” (e-health2010) includes ICTs that are supposed to
contribute to the development of the Slovenian healthcare sector and should improve the
access to the care and quality of health services [27]. The Slovenian e-health strategy has
three main objectives [72]:
•

To upgrade the basic information infrastructure for safe and transparent exchange
of information between all concerned parties within the health sector.

•

To introduce and integrate interoperable healthcare records on a national level.

•

To introduce and maintain a national healthcare portal as a common means of
communication between all concerned parties throughout the health sector.

One of the outstanding national projects, in-line with Slovenia’s e-health strategy, is
named ‘eZdravje’ (eHealth) [73]. This project combines the activities of introducing the
usage of ICTs throughout the health sector, thus providing more-effective public health
services. It is expected that the project results will facilitate patient mobility and safety, by
providing medical treatment that will be better adapted to individuals, reduce healthcare
costs, and support interoperability within Slovenia and across its borders. Preliminary
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project activities began in September 2008 and it is expected that the project will be
completed by June 2015. The programme of activities would then be extended until 2023,
since all the newly-developed e-health solutions will need to be maintained and/or
upgraded. The e-health project foresees the realisations of more than 20 sub-projects by
2015. These sub-projects would be logically grouped into three separate, yet clearly
related, groups, such as:
•

•

Establishment of a national health information system (eZIS), with its components:
o

Health network named zNet,

o

Health Portal named zVEM, and

o

Electronic health records – EZZ

Establishment and operation of the Center for Health Care Informatics, named
CIZ, which would take the central role within the eZIS management and
governance. Additionally, CIZ would coordinate the maintenance and further
project development activities after the completion of the investment.

•

Improving healthcare processes and access to health services with education,
training, and the raising of awareness amongst different target groups, in order to:
o

Develop, implement, and maintain programs for increasing individuals’
(patients) active roles and responsibilities regarding healthcare,

o

Develop, implement, and maintain programs for increasing the active roles
and responsibilities of other key participants within the health sector,

o

Develop and maintain professional training programs for health IT
personnel,

o

Provide widespread quality and safety throughout the health system.
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2.3 Challenges in e-health
As Rodrigues suggests [74], e-health technologies introduce new trends in healthcare,
such as: increased patient participation, evidence-based decision making and continuity in
the relationships between healthcare providers (e.g. doctors), clients (e.g. patients), and
health insurers. These trends spawn a range of healthcare challenges, such as [74]:
•

Organisational and governance enablers

Organisational and governance enablers should understand the infrastructure issues and
agree on needs and priorities. National policies and a regulatory framework should be
developed in order to reduce the impacts of external factors, to implement standards, and
guide the organisational changes required for the deployment of ICT solutions.
•

Human factors: awareness, skills, and leadership

Aligned with many other products and services, people are central to the developments
and usages of e-health products and services. For e-health adaption, changes brought by
e-health must be accepted by all parties inclusively, such as: healthcare professionals,
patients, insurers, and other healthcare providers.
•

Standardisation

Communication, information exchange and networking should be standardised to allow for
the automation of healthcare processes and services.
•

Technology distribution, access, and utilisation

Some of the more important issues concerning technology are: technology access,
effectiveness, and appropriateness. Additional technology concerns relate to the social,
ethical, and economic impacts of technological innovations, including sex, age, and class
together with educational and cultural divisions.
•

Security and privacy

Some of the more significant and high-priority issues about e-health are concerned with
patient data reliability, security, and privacy.
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•

Investment and continuity

In order to successfully introduce e-health in a country, it is necessary that various
partners, such as: patients, healthcare professionals, governments, academia, finance
institutions, and industries co-operate together in the investment and development of ehealth technologies.
•

Government action

It is necessary that a Government contributes towards e-health development and
deployment, especially regarding the: promotion of education and training in ICTs, by
providing continuous funding for e-health activities, ensuring fair distribution of resources,
protecting patient data security and privacy, and ensuring that all the parties involved are
implementing the required standards.

2.4 E-health challenges addressed in the thesis
In the thesis we focus specifically on the e-health challenge regarding the human factors.
In order to understand how best to match e-health applications to elderly people within
their home environments, we used the capability-demand fit framework, based on Czaja
et al [61], as shown in Figure 3.

The suggested capability-demand framework of the e-health application, on the one hand,
makes demands on the elderly user in the forms of the applicative devices (tablet,
smartphone, personal computer or TV), applicative GUI, and instructional support. On the
other hand, however, the elderly user’s perceptual, cognitive, motor, and psychosociological capabilities determine whether there is an adequate fit between the elderly
user and the e-health application. The degree of fit between the application-s demands
and user capabilities affects the acceptance and usage of the e-health application, which
then determines whether the elderly user has a positive or negative health outcome [61].
One of the more important principles that a capability-demand framework takes into
account is that users vary in their capabilities in terms of knowledge, skills, and
experiences, as a result of several factors such as: age, education, attitudes towards
technology, and any previous technical experiences [20].
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Figure 3: Capability-demand framework for e-health application and elderly people

The aim of the thesis is to create UCD methods that would provide the best adequate fit
between e-health applications and elderly people that would consequently improve the
quality of usage, increase the acceptance rate of e-health applications and, finally, provide
positive health outcomes for the elderly user. The methodology for adapting standard
UCD methods in order to make them appropriate for elderly people and e-health
applications, as presented in this thesis, could also be applied for other target groups,
such as children or people with disabilities, and other domains such as education or
government.
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3 USER-CENTRED DESIGN
User-centred design (UCD) is a design philosophy and a “multidisciplinary design
approach based on the active involvement of users in improving the understanding of user
and task requirements, and the iteration of design and evaluation” [57]. Contrary to other
design and development approaches, UCD places end-users and their wants, needs,
limitations, expectations, and habits at the centre of each stage during the design and
development process of a product, service or solution.

As such, UCD:
•

enables the development of systems and products that are useful, usable, and
easy to learn and use,

•

increases user productivity, satisfaction, and acceptance and

•

decreases user errors and training time.

The standard that describes UCD and provides the requirements and recommendations
for human-centred design principles throughout the life-cycles of interactive systems, is
known as ISO 9241-210:2010: Human-centred design for interactive systems process
[47]. This standard is intended as a design manager’s guide and is concerned with ways
of how to enhance human-system interactions. Before 2010, the standard was known as
ISO 13407 [48].

In line with the ISO 9241-210:2010 standard, the key principles that ensure a design is
user-centred [47] are:
•

The design of a product should be based on a clear understanding of users within
the context of use.

•

Real or representative users should be actively involved during the entire design
and development process of the product.

•

The product design should be driven and improved by feedback from real or
representative users.

•

The product design and development process should be iterative.

•

The entire user experience of a product should be addressed by the designing.

•

Multidisciplinary skills and perspectives should be covered by the product design
team.
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Understanding users through active user involvement during the entire design and
development process, and not only at the beginning or at the testing stages of a product’s
life-cycle, is crucial in UCD [6].

UCD is widely-known, both in theory and practice, as a common principle of good practice
regarding the design and development of interactive systems [87]. However, conventional
UCD is not entirely appropriate for all users with a large diversity of characteristics and
needs [63 and 87]. For example, Thimbleby [87] showed that conventional UCD methods
are unreliable for users with special needs, even though such users generally benefit
more than those users without any special needs or characteristics. Furthermore, Scaife
et al, described the number of specific considerations that should be taken into account
when doing UCD research with children [77 ].

It is rather contradictory to refer to ‘user-centred’ whilst deploying the same standard UCD
methods and techniques for all the different types of users and products. Additionally, as
Thimbleby and Thimbleby [88] showed, design is not solely concerned with the potential
users but also with the system and products, and their problems and limitations.

A

successful UCD process needs both user and system/product aspects. Therefore, in this
thesis we firstly analysed the characteristics of the research audience (i.e. elderly people)
and the nature of the products (i.e. multiscreen e-health applications). Afterwards, we
analysed a set of UCD methods that are commonly used in research, academia, and
practice. From amongst all the methods within the set, we selected five of the more
commonly-used methods that actively involve users. By taking into account target
audience characteristics and capabilities, and target domain characteristics, we modified
the five selected standard UCD methods for the target audience (i.e. elderly people) and
the product domain (i.e. e-health). Then, we used both, standard and modified UCD
methods to create the prototype of a mobile multiscreen application. This helped us to
compare the efficiencies between the standard and modified UCD methods, and to
determine which methods are more appropriate for UCD research with elderly people
within the e-health domain.
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4 ELDERLY PEOPLE
The definition of an elderly person is not always straightforward due to the lack of general
agreement on the chronological age at which a person becomes old [105]. Aging is a
complex process that occurs at many levels and a person can be considered old because
of certain biological, psychological, and social changes, such as visual impairment,
retirement or becoming a grandparent [33]. In gerontology 2, a person is considered elderly
when aged 60 years or more [2]. According to the World Health Organization, most
countries in the world have accepted the chronological age of 65 years as the definition
when a person becomes elderly [105].

Even though elderly people are a very diverse group of people, their biological,
psychological, and social changes have much in common [33]. Some of the more often
age-related changes are presented in the next sub-chapters.

4.1 Vision
Impaired vision is one of the more common changes that occur with aging. Vision actually
starts to decline already at the age of 40, and 70 % of people older than 45 years finds it
necessary to wear glasses. Moreover, if people live long enough nearly all of them will
have vision problems [33]. A survey conducted by Konsik et al [51], has revealed that the
visual dimensions that decline with increasing age are: visual processing speed, light
sensitivity, dynamic vision, near vision and visual search.

Older eyes receive considerably less light than younger eyes. With increasing age the
absolute pupil’s diameter, shown in Figure 4 becomes smaller. Additionally, the speed of a
pupils’ size adaption slows down for older eyes, as well as the ability to fully open the
pupils during low light conditions. As a result, during the night or in dark environments,
elderly people see as if they were wearing sunglasses. In order to avoid such problems,
elderly people need three times more illumination than younger people [92].

Similarly to the pupil, the lens in the aging eyes becomes more rigid and its ability
degrades for quickly and effectively changing its shape to focus the light on the retina,
2

Gerontology is the study of the biological, psychological and social aspects of aging.
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which results in a non-optimally focused image on the retina, a condition known as
presbyopia [68].

Figure 4: Diagram of a human eye

3

Moreover, the lens colour of an aging eye changes its colour from transparent to yellow.
Due to such a change it becomes harder for the elderly to distinguish between different
shades of blue. In the more severe cases, elderly people have problems distinguishing
between shades of red and purple. Another common age problem is cataracts, which
result in an unclear vision that is highly disposed to glare [68].

Previous research studies have shown that visual acuity decreases with increasing age
[67]. This results in a slower visual search and confusion. However, not all types of visual
search are equally affected by aging. Greater age-related changes are observed in the
visual search known as effortful search, which operates serially and so, feels difficult for
the elderly people. Pre-attentive search, on the other hand, is effortless and does not
require attention therefore it is only slightly affected by aging. Hence, when working with
and for elderly people, user researchers and designers should use pre-attentive instead of
effortful visual search.

3

Source: National Eye Institute. Diagram is courtesy of the National Eye Institute
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As with visual acuity, elderly people tend to have reduced contrast sensitivity, which is
even more important than visual acuity, when performing everyday tasks [68].

4.2 Hearing
Impaired hearing is another common change that occurs with aging and affects elderly
people. According to some estimates 50 % of all men and 30 % of all women older than
65 years suffer some level of hearing loss [33]. Hearing loss, as an isolating and livechanging condition, can have major effects on people’s abilities to interact successfully,
and function safely and effectively within their environments. Research has shown that
elderly people with hearing difficulties are likely to have more medical problems in
general. Some of the problems, such as difficulties doing everyday activities, are indirectly
connected to hearing [68]. Understanding the behaviours, concerns, and difficulties of
elderly people with hearing impairments is necessary to create correct user-testing
scenarios.

As people grow older, the external structure of their ear, known as the pinna or auricle, as
shown in Figure 5, tends to become larger and less flexible with increasing age, which
negatively impacts on their abilities to localise the sources of sounds [92].

Similarly to the external structure of the ear, people’s inner ears changes with age as well.
Due to these changes, relatively lower volumes of sounds reach elderly people’s tympanic
membranes, which also become less flexible and less responsive to incoming sounds
[92]. As a result, elderly people may have problems understanding certain sounds during
speech. In order to avoid such difficulties it is important that the speech intended for
elderly people is clear and the background noise is reduced as much as possible.

Damaged hair cells in the human cochlea cannot repair themselves and they cause some
kind of “holes” within the range of sounds people can hear. This is why elderly people
have problems detecting speech at certain ranges of sounds, usually at higher
frequencies. These frequencies correspond to sounds, such as: puh, kuh, sss, tuh, sh, ch
and th, and should be avoided when speaking with elderly people (68).

In order to improve communication with older adults, some user researchers use prosody
that refers to the rhythm, stress, and intonation of speech during communication. Although
prosody could contribute towards better comprehension during communication with older
adults, user researchers should use it cautiously. When prosody is overstressed, it sounds
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like “elder-speak” or “baby talk”, which causes elderly people to perceive themselves as
being stereotyped [68].

Figure 5: Diagram of a human ear

4

Studies have shown that context is really important during communications with elderly
people. Elderly people are able to compensate for some hearing loss by relying on
contexts they are familiar with [68]. Additionally, elderly people prefer the active voice
rather than the passive, as they find it easier to understand.

4

Source: FLAT WORLD KNOWLEDGE. Image used with permission from Flat World Knowledge,
Inc.
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4.3 Cognition
Besides dealing with impaired perception, elderly people have to deal with slower
cognitive systems. Cognitive changes due to aging do not appear to be as measurable as
perceptual changes, such as vision and hearing. However, understanding cognitive
changes is really important for understanding elderly people’s behaviour in terms of
comprehending, remembering and deciding. The basic elements of cognition that help
people learn and gain knowledge and skills are known as cognitive abilities [68]. Cognitive
abilities represent people’s general intelligence and can be categorised into fluid
intelligence and crystallized intelligence or crystallized knowledge [18].
4.3.1

Fluid abilities

Fluid intelligence is the ability to solve problems during novel and rapidly-changing
situations. It includes perceptual speed, working memory capacity, attention, processing
speed, reasoning ability, and spatial ability. Usually, fluid abilities peak during your early
20s and then gradually decline. Various studies have shown that declines are due to agerelated changes in the brain [68 and 19].

For example, it is widely-known that working memory capacity, which represents the
ability to keep information active, decreases with age. Additionally to working memory
capacity, elderly people have problems with prospective memory, which is used for
remembering something for the future. Prospective memory is a long term memory and
can be time-based, for example: take a medicine in the next four hours, or event-based,
for example: take a medicine every day after lunch. Studies have shown that age
declining regarding time-based prospective memory is usually greater than that of eventbased prospective memory [33].

Attention, both selective and dynamic, is another of the fluid abilities that declines with
aging. Vercruyssen et al [97] has suggested that elderly people have problems
maintaining attention over longer periods of time. However, this depends on several
factors, such as: general motivation, task familiarity, and tiredness.

Additionally, elderly people have greater difficulty in ignoring task-irrelevant information
during a task’s completion. In order to help people maintain their attention on a task,
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Carmichael [17] suggested highlighting the important and lesser irrelevant information for
guiding users through a sequence of operations.

During increasing aging, the time people need to decide about a single choice increases.
Moreover, studies have shown that elderly people do not desire as many choice-options
as younger people [71].

Another situation where time needed increases with age is for processing information. On
average, elderly people process information slowler than younger people. The processing
time is additionally correlated with the task’s complexity.
4.3.2

Crystallized knowledge

Crystallized intelligence or crystallized knowledge represents all the knowledge, abilities
and skills that are accumulated through education and experience over a lifetime. Unlike
fluid intelligence, crystallized intelligence increases with age. As such, elderly people can
use crystallized knowledge to compensate for some of the fluid intelligence declines. For
example, elderly people who are unfamiliar with applications for controlling the TV using a
smart-phone, but have a lot of experience with remote controls, will be able to use their
experiences and be more comfortable when using the application.
Another representative of crystallized intelligence is language comprehension, which does
not suffer from age-related declines and remains the same if elderly people are able to
rely on their semantic long-term memories.

4.4 Motor skills
Similarly to vision, hearing and cognition, motor skills are affected by aging. Some of the
more common age-related changes in motor skills are: slower physical response times,
loss of flexibility, declining the ability to keep movements continuous, disruptions in
coordination and accuracy [68].

4.5 Psychological and social factors
Besides the changes that occur in sensory, perceptual and mental abilities, psychological
aging includes the changes that occur in personality, attitudes, drives, and motives [103].
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Social aging, on the other hand, refers to a person's changing roles and relationships
within the social structures, such as:
•

family and friends, for example, by becoming a grandparent,

•

work environment, for example, with retirement and

•

within different organisations, for example political and cultural associations [103].

Groups of elderly people can be very diverse. For example, whilest some individuals feel
frail at 65 years, other remain physically and cognitively fit even in their 80s [10]. However,
many elderly people face some common transitions and challenges from aging, such as:
•

Social isolation

Retirement, reduced mobility, negative stereotypes or significant others’ deaths can
reduce elderly people’s social interactions, which can result in a social isolation.
•

Retirement

Since work is an important part of people’s personal identity, elderly people can have
difficulties when adjusting to retirement.
•

Ageism5

Even though many cultures worship elderly people, social institutions, and especially the
media in the Western countries, create negative stereotypes about aging.

5

The term ageism is defined as prejudice and discimination against people on the basis of age.
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5 USER-CENTRED E-HEALTH APPLICATIONS FOR
ELDERLY PEOPLE
A deep understanding of age-related changes is necessary when working with and for
elderly people. However, using only guidelines [7 and 3] for the aging population does not
guarantee usable products and successful work with elderly people. It is still important to
understand what problems elderly people are faced with when participating in a UCD
processes, and when using the products.
This chapter provides information about the weaknesses of the standard UCD methods
when used within a UCD process for multiscreen e-health applications for elderly people.
Furthermore, the chapter recommends modifications of the UCD methods in such a way
that weaknesses would be eliminated and the methods would be adapted for the target
users (i.e. elderly people) and the context of use (i.e. multiscreen e-health application).
Last, but not least, the standard UCD methods are compared with the modified UCD
methods.

5.1 Selecting UCD methods for e-health applications regarding elderly
people
In order to decide which UCD methods are going to be evaluated and adapted for the
elderly users during this thesis, the following priorities were followed:
•

More frequently used methods within academia, research, and practice, because
these methods have already proven their efficiencies during various types of UCD
processes.

•

Methods, where the users would actively participate in the UCD process, because
this is the essence of UCD philosophy.

Table 1 presents the methods that were recommended by three UCD researchers [64, 58
and 101], one Usability Consulting Service at the Indiana University [90], and one
international project – SOPRANO 6 [92]. Those methods with red backgrounds only met
the first criteria – the more commonly used methods. On the other hand, those methods
with green backgrounds met both criteria for selecting the methods - more frequently used
methods and active user participation.
6

Service-oriented Programmable Smart Environments for Older Europeans

38

E. Stojmenova, User-centred design for multi-screen e-health applications for elderly people

Table 1: An overview of UCD methods used during research, academia, and practice

UCD method

Nielsen

Mayhew

Vredenburg

Indiana
University

SOPRANO

Requirements
User survey
questionnaire
Interviews
Contextual
inquiry
Field study
Analyse context
of use
Focus group
Evaluate existing
system
Card sorting
Affinity
diagramming
Scenarios of
use/use cases
Set usability
goals

√
√

√

√

√

√
√

√

√

√

√

√

√
√

√

√

√

√

√

√

√
√

√
√

√

√

√

√

√

√

√

√

Design
Design guidelines
Paper prototyping
Heuristic/expert
evaluation
Parallel design
Evaluate
prototype
Conceptual
models
Participatory
design
Design/cognitive
walkthrough
Style guides

√

√

√

√

√

√

√

√

√

√

√

√

√

√
√

√
√

√
√
Implementation

√

√

√

√
Testing

Diagnostic
evaluation

√

√

√
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Performance
testing
Subjective
evaluation
Critical Incident
Technique

√

√

√

√
√

√

√

√
√

Post release
Testing and
measurement
Subjective
assessment
User survey
questionnaire
Field study

√

√

√

√

√

√

√

√

√

√

Table 1, UCD methods that met both criteria are:
•

Contextual inquiry

•

Focus group

•

Card sorting

•

User testing (includes: diagnostic evaluation, performance testing, and subjective
evaluation )

•

User survey questionnaire

Those methods that met both criteria are presented in detail within the next sections. The
information about elderly people’s characteristics, provided in Chapter 4, is then used to
identify the weaknesses of the selected methods when used within a UCD process for
elderly people.
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5.1.1

Contextual inquiry

Contextual inquiry, as presented by Beyer and Holtzblatt [12], is a one-on-one interview
based on ethnography and used for gathering as much data as possible from users within
their contexts i.e. within users’ environments. Since this is the case, it helps user
researchers to understand real users’ needs, wants, and values within the environment
and uncover what and how users really do when they accomplish their tasks.
As Kuniavsky [53] suggestsed, users may have different goals and use products
according to various lifetime situations. Therefore, users’ experiences should be analysed
generally and should not be limited only to users’ interactions with the product. Contextual
inquiry can be done either early in the product’s development life-cycle in order to
discover users’ problems and find proper solutions or later on in the product’s
development life-cycle in order to discover how and when they use it, and what they use it
for.

The key principals of contextual inquiry are [42]:
•

Context – Gathering data whilst users are working within their own environments.

•

Partnership – Collaborating with users in order to understand their work when
using the system. Users lead the interview whilst doing their work.

•

Interpretation – Sharing researchers’ interpretations and insights about users’ work
with users themselves and letting users guide the researchers’ comprehension of
the work.

•

Focus – Steering conversation and interaction towards relevant topics by paying
attention to those issues that fall within a project’s scope and ignoring any others.

A contextual inquiry begins like any traditional interview, where the researcher
(interviewer) obtains an overview of the user’s work. After the brief overview, the user
starts to work with the system whilst the researcher observes the user and discusses the
work. If the session is unrecorded, the researcher should also take notes about everything
that happens, such as: the user’s tasks and actions, workflow, relevant constraints,
workarounds, mismatches between what the user says and actually does, sighs, rolling of
the eyes, and body language [8]. Since this could be difficult and some things may be
overlooked by the researcher, Obal and Stojmenova [65], suggested that two researchers
should take part in the contextual inquiry – one to discuss the works and the other to take
the notes.
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5.1.2

Focus group

A focus group is one of the older methods for researching user experience [53]. It is a
UCD method, where a small group (six to ten) of users or intended users are brought
together to share and discuss ideas, experiences, perceptions, opinions, and attitudes
concerning topics about a specific product or concept. The focus group’s participants are
actively involved in conversations led by an experienced moderator. A typical focus group
session lasts one to two hours and produces non-statistical qualitative data about the
product or concept. One of this method’s key advantages is that its participants may bringup topics that the user researchers have never thought about.
A focus group can be used in parallel with the different phases of the product
development life-cycle. For example, it can be used at the beginning for collecting user
requirements and expectations or at latter stages for understanding any surprising results
from usability tests.
Although, this method is relatively simple, fast and cheap, there are certain concerns
about it that shouldn’t be neglected. For example, several studies [22, 35, and 50] have
shown that focus group participants are not always good at predicting product features
they may found useful in practice.
5.1.3

Card sorting

Card sorting is a fast and simple UCD method used for understanding users’ mental
models of an information space [40]. In other words, card sorting is used for determining
what users think about and expect from a product’s information architecture, the workflow,
the labelling, and categorisation of information, and the design of navigation and search
systems within the product [80 and 22].

A card-group session could be conducted individually, with one user at a time or with
several users at once. Users who participate in a card sorting session usually get a set of
previously prepared physical cards containig some content. What happens next depends
on the type of the card sorting method, which could be:
•

Open card sort, where users sort the cards into groups according to similarities
between the cards contents.

•

Closed card sort, where in addition to the set of cards, users obtain a set of
categories. Users should then sort the cards into the pre-defined categories.
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•

Combination card sort, where the open card sort is used to identify the content
categories and is then followed by a closed card sort.

The card sorting method ensures that the information architecture of the product is driven
by the users’ mental models instead of those of the designers and developers. However,
as not all users have optimal mental models, a caution is needed when selecting those
users who will participate in this UCD method. This is especially true for users who
misunderstand or are inexperienced within the product domain [22].
5.1.4

User testing 7

User testing is a method used in UCD for evaluating a product by testing it on users.
There are two well-known types of user testing i.e. [40]:
•

Formative user testing that is used for discovering usability problems before
designing, and

•

Summative user testing that is used for measuring the system’s behaviour against
the user requirements.

User researchers observe and listen to representative users whilst they are completing
different tasks using a product. Hence, user testing reveals how users perform particular
tasks when using the product and collects quantitative data about user performance, such
as: success rate, time needed to perform a task and error rates. Additionally, user testing
identifies usability and accessibility problems, presents users’ subjective opinions about
the product and discovers areas for improvement.
User tests are consisted of structured interviews that focus on specific features and
functionalities of the product. Unlike some of the other UCD methods, user testing is an
iterative method and is conducted over different phases of the product’s development lifecycle. Each round of user testing includes a number of representative tasks of typical user
activities. User tests provide both qualitative and quantitative data that can be used to
either investigate the relative efficiencies of different product variations or to compare
competing products [53].

7

In the thesis, the term user testing is used for a whole range of usability, user experience,
diagnostic, performance and subjective tests and evaluations.
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User testing is usually performed in a laboratory or a laboratory-like setting. It would be
more effective if the laboratory resembled the space where the product would be used,
but that is often impossible. If permitted by the users, it is recommended that user testing
sessions are video recorded.
5.1.5

User surveys and questionnaires - AttrakDiff

User surveys and questionnaires are used for discovering how a specific product is or is
likely to be used by real users, and who these real users are. They are presented as a set
of questions used for asking a large group of people to describe themselves, and their
own interests and preferences, and about the product [53]. User surveys and
questionnaires are usually conducted remotely, by post or mostly via the Internet.
When designed and conducted correctly, user surveys and questionnaires produce a
large amount of objective statistical data that provide for a higher degree of certainty
during the user analysis than any other qualitative research method. On the other hand,
poorly designed surveys and questionnaires can be inaccurate, inconclusive or even
deceptive, and can do more harm than good. Furthermore, since there is not direct
contact between researchers and users, user surveys and questionnaires very much
depend on the users’ perceptions of themselves and their capabilities and willingness to
report such perceptions [53].
The questionnaire selected for the purposes of this thesis is known as AttrakDiff. It is an
online questionnaire available in two languages – English and German. The questionnaire
consists of 27 extreme opposite word-pairs. In each word pair, users select the word that
is closer to their perspective of the product. Besides the extreme opposite words, users
are able to choose from five other possible gradations between the two extremes, as
shown by the example in Figure 6. The questionnaire can be used for evaluating the
pragmatic and hedonic qualities of various interactive products. The user researchers can
choose the AttrakDiff questionnaire [92] for:
•

Single-product evaluation

•

Comparison before-after and

•

Comparison between two products

Figure 6: Word-pairing used for evaluating a product using AttrakDiff

44

E. Stojmenova, User-centred design for multi-screen e-health applications for elderly people

5.2 Evaluation of the selected UCD methods in relation to elderly
people’s abilities
Various UCD methods require different abilities from the participants. Table 2 presents an
overview of the selected UCD methods and a collation of those required abilities for
testing the persons required for participating in each of the five previously-selected UCD
methods.
Table 2: An overview of selected UCD methods and required abilities

UCD method

Age-related changes in abilities that affect the UCD process
Vision

Contextual
inquiry

Visual
acuity;

Focus group

Hearing

Hearing
acuity;

Hearing
acuity;

Card sorting

Visual
acuity;
Type font
and size;
Contrast;

Hearing
acuity;

User testing

Visual
acuity;
Type font
and size;
Contrast;

Hearing
acuity;

Cognition

Motor

Verbal skills;
Attention;
Working
memory
capacity;
Understanding;
Reasoning
ability;
Knowledge and
experience;
Attention;
Working
memory
capacity;
Understanding;
Reasoning
ability;
Knowledge and
experience;
Predicting
behaviour;
Attention;
Reasoning
ability;
Knowledge and
experience;
Mental models;
Attention;
Knowledge and
experience;
Reasoning
ability;
Working
memory
capacity;
Understanding;

Response
time;

Psychological
& social
factors
Attitude
towards
researcher;
Attitude
towards
technology;
Lack of
motivation;
Recruiting;
Attitude
towards
researcher;
Anxiety;
Distress of
travelling;
Recruiting;

Response
time;

Response
time;
Accuracy;

Distress of
travelling;
Anxiety;
Lack of
motivation;
Recruiting;
Anxiety;
Attitude
towards
researcher;
Attitude
towards
technology;
Distress of
travelling;
Unfamiliar
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environments;
User survey
questionnaire
AttrakDiff

Type font
and size;
contrast;
Visual
search;

Attention;
Understanding;
Knowledge and
experience;
Reasoning
ability;

Accuracy;

Lack of
motivation;
Recruiting;

Table 2 presents which of the age-related changes in human abilities and characteristics
described in Chapter 4 affect the UCD process when using the selected UCD methods.
The standard UCD methods selected in Chapter 5.1 do not take into consideration the
age-related changes in human abilities and characteristics. However, the aim of the thesis
was not to develop any new UCD methods intended specifically for the elderly, but to
improve those UCD methods, that have already proven to be efficient during the UCD
process, for the products’ target users (i.e. elderly people), and products’ domain (i.e. ehealth). Any improvements in the existing UCD methods are achieved by modifying them
in such a way that they will consider the age-related changes and characteristics of the
target users and the characteristics of the product domain without altering the main
concepts of the methods.

5.3 Modification of UCD methods and adaptation for e-health
applications for elderly people
Given that aging affects those human abilities necessary for people to participate in a
UCD process, as shown in Table 2, the adaptation of the selected UCD methods should
derive from the impact of aging on human abilities. However, the UCD method
modifications must not affect the quality or reliability of the collected information.

This chapter presents those modifications that need to be applied when coping with any
sensory, cognitive, motor or psychological and social problems that elderly people migh
have whilst participating in a UCD research process.
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5.3.1

Modified contextual inquiry

Diminished visual acuity hinders contextual inquiries. In order to avoid such problems,
contextual inquiries have to be conducted in well-lit conditions i.e. settings with increased
illumination.

The ability to hear speech declines as people grow old i.e. elderly people faced with
losses in hearing acuity. In order to compensate for the hearing losses, elderly people use
context. Context combined with good structure within the spoken text, adequate pauses
during speech, and speech rates of 140 words or less, may be particularly useful for
elderly people [33].

As already described in Chapter 4.2, elderly people have problems detecting speech at
higher frequencies, of sound. These frequencies correspond to sounds, such as: puh,
kuh, sss, tuh, sh, ch and th and should be avoided when speaking with elderly people.

In a study conducted by Intons-Peterson et al., it was discovered that most elderly people
demonstrate better user performance in the morning hours, when they have less memory
problems, perform tasks more quikly, and have greater attention-span [46]. Therefore, no
matter which method is used, UCD for elderly people will provide better results if
conducted in the morning before lunch time.

Since contextual inquiry is conducted within users’ own environments, they can easily
forget about the intention of the user researcher’s visit, and lose focus. Guiding the user
through a sequence of tasks and questions during the session will keep a user’s attention
on the product and in regard to the questions.
Decreased working memory capacity affects elderly people’s abilities to learn new
concepts and procedures. On the other hand, elderly people do not have problems with
concepts and procedures they are already familiar with. This means it would be very
helpful for the elderly, if new concepts and procedures are presented in relation to already
known concepts and procedures from everyday life and previous experiences. Moreover,
as the passive voice verb structure makes the sentences and instructions more difficult to
understand, user researchers need to use the active voice when working with elderly
people.
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Reasoning ability represents the ability to understand and deal with novel situations.
Similarly to other cognitive abilities, reasoning ability decreases with aging, starting at the
age of twenty [23]. Reducing the level of uncertainty about what participants have to do
next within novel situations, enables participants to use their previous knowledge and
experiences, which reduces the need for reasoning abilities.
By taking into account the wide diversities of elderly people regarding education and
literacy levels, user researchers should use every-day, straightforward language, that is
free of experimental and technical jargon.

Several studies have already shown that recruiting elderly people for research studies is a
challenging activity that creates consistent problems during gerontology research [38, 70,
and 49]. User researchers can motivate elderly people to actively participate in the UCD
research if they inform them of the opportunities and benefits they will obtain, such as:
opportunities to freely express thoughts and opinions, opportunity to contribute towards
the common good or for socialisation [37]. Elderly people find leaving legacies for future
generations very important, thus any opportunities to contribute to the greater good are
especially significant for them [49].

Elderly people are often reluctant to complain about or criticise products [28]. Therefore, in
order to effectively gather users’ requirements, needs, and opinions about a product, user
researchers should clearly stress out the need for honest and critical evaluation at the
start of the contextual inquiry session.

Another thing elderly people can be resistant to, are consent forms, as quite often elderly
people and their families or guardians are suspicious about the research motives [49].
This is especially true for health-related research. In order to circumvent such problems,
user researchers should make every effort to build trust with elderly people and their
families or guardians.

Motor control, which is determined by response time and accuracy, tends to decline with
increasing age. According to some estimates, elderly people need approximately 50 %
more time to complete a certain task than the time needed for the younger adults to
complete the same task [68].
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Since elderly people are aware that physical and cognitive age-related changes affect the
way they interact with the technology, they often perceive failures to complete tasks as
consequences of their impaired capabilities and not because of the systems themselves.
That is why, user researchers should clearly explain to elderly users that failures to
complete tasks are part of the user testing, and so it is normal and to be expected.
As already mentioned in Chapter 4.2, some user researchers use prosody for improving
communication with elderly people.

Although prosody can support for

better

comprehension during communication with elderly people, user researchers should use it
with cautious. When prosody is overstressed, it has negative effects and causes elderly
people to perceive they are being stereotyped [68].

The easiest way to recruit elderly people for contextual inquiries is through
announcements in the local media, such as: newspapers, TV and radio channels, or with
the help of nursing homes and day-care centres for the elderly population. In order to
recruit even more participants, some authors recommend a snowball recruitment tactic
[94]. This means that each person who accepts an invitation to participate in a contextual
inquiry is asked if he or she knows someone else who would also be interested in
participating.

Table 3 collates those possible problems that may affect research when using contextual
inquiries, and possible modifications to contextual inquiry and adaptation for e-health
applications regarding elderly people, based on the age-related problems and proven
measures discussed above.
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Table 3: Modification of contextual inquiry and adaptation for e-health applications for elderly
people

Age-related
changes
Vision

Possible problems

Proposed adaptations

Declined visual acuity

Hearing

Declined hearing acuity

Cognition

Verbal skills

Increased illumination in the setting
environment.
Context for the speech is provided.
Spoken text is well structured.
Pauses are used after important grammatical
boundaries.
User researcher speech rate is 140
words/minute or less.
Researchers’ voice does not have high
frequency.
Sounds, such as: puh, kuh, sss, tuh, sh, ch
and th are avoided.
No music or other sounds in the background.
Two researchers are involved – one to ask
questions and the other to observe users for
unreported problems and take notes.
User researcher asks additional questions
for situations, where users may not report
everything they know.
Contextual inquiries are conducted in the
morning.
Users are guided through a sequence of tasks
and questions.
Contextual inquiries are conducted in the
morning.
Recognition rather than recall.
User researchers use active voice.
Instructions about the contextual inquiry are
repeated.
User researchers ensure that elderly people
understand the instructions.
The purpose of each step in the contextual
inquiry is clearly explained.
User researcher uses every-day
straightforward language.
User researchers don’t use experimental and
technical jargon.
Study participants are provided about 50 %
more time than the time provided for younger
adults.
The role of the user researcher is clearly
explained to elderly people.
The need for honest and critical evaluation is

Limited attention

Reduced working memory
capacity
Understanding

Declined reasoning ability
Knowledge and
experience

Motor

Increased response time

Psychological
& social
factors

Attitude towards
researcher
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Attitude towards
technology
Lack of motivation
Recruiting

emphasized at the beginning of the session.
User researchers aspire to building trust with
users.
Use prosody with cautious.
Participants are clearly explained that failure
to complete a task is part of the experiment,
and so it is normal and expected.
Benefits and opportunities brought by the
research are presented to participants.
User researchers aspire to building trust with
users and their families or care givers.
Benefits and opportunities brought by the
research are presented to participants.
More participants than actually needed are
recruited.
Use local media (TV & Radio channels and
newspapers) or nursing homes and day-care
centres for elderly population for recruitment.
Use snowball tactic for recruitment.

Information about how modified contextual inquiry sessions differ from standard
contextual inquiry sessions is presented in Table 4.
There are different recommendations about the appropriate number of participants within
a contextual inquiry. For example, Beyer and Holtzblatt suggested observing 15 to 20
people [12]. Kuniavsky [53], on the other hand, suggested observing 5 to 8 people. Due to
the problems with the availabilities of elderly people, it is often difficult to find 20
participants for a contextual inquiry. On the other hand, since some participants may
cancel the participation at the last moment, more than the minimum five participants
should be recruited.

In our experience, elderly people need more time than younger adults when making
different decisions. This also applies when deciding whether to participate in a contextual
inquiry.

Depending on the type of the product, the lengths of the tasks, and the detailed
information needed, contextual inquiries can last from an hour to four hours [53].
However, since elderly people need about 50% more time than younger people to
complete the same tasks, contextual inquiries with elderly people could last longer.
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The authors of the contextual inquiry method, Beyer and Holtzblatt [12] suggested two
models for the relationship between the researcher and participant. The first model – the
master/apprentice model – makes the participant the master, and the researcher his/her
apprentice. The master focuses on the tasks, whilst the apprentice observes the master
and rarely asks questions. In the second, the partnership, model, the researcher actively
partners with the participant in order to get as much information as possible. The
partnership model is more effective for elderly people as they usually know more than
they actually report. Therefore, their feedback largely depends on properly asked
questions by the researcher.
The structure of the standard contextual inquiry includes the following phases:
introduction, warm-up, general issues, deep focus, retrospective, and wrap-up [53].
Modified contextual inquiry includes the same phases and takes into consideration the
suggested modifications, presented in Table 3.

Table 4: Comparison between standard and modified contextual inquiry sessions

Standard contextual inquiry

Modified contextual inquiry

Recruiting

5-20 participants
3-10 days before the session

8-12 participants
14-21 days before the session

Scheduling

Depends on the product.
Usually: 1-4 hours

Location

Participant’s environment

Depends on the product, however
takes about 50% longer than when
conducted
with
younger
participants.
Participant’s environment

Conducting the
inquiry
Inquiry
structure

Master/apprentice model

Partnership model

Introduction
Warm-up
General issues
Deep focus
Retrospective
Wrap-up

Introduction (if possible, it is
conducted few days before the
main session)
Warm-up
General issues
Deep focus
Retrospective
Wrap-up
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5.3.2

Modified focus group

Since some of the problems that elderly people face in standard contextual inquires (such
as:

hearing

acuity,

attention-span,

working

memory

capacity,

attitude

to

the

researcher/technology) are very similar or even the same as the problems that elderly
people face within standard focus groups, certain modifications suggested for the
contextual inquiries are also applicable for focus groups.
Usually, focus groups are organised in a conference room at a university, research centre
or within a company. This may present some extra logistic difficulties for the elderly, such
as transportation. Therefore, whenever possible, focus groups have to be contextualised.
This means they have to be organised in the participants’ environments. Contextual focus
groups are especially helpful for elderly populations as they often become anxious and
feel uncomfortable within unfamiliar environments [9].
The creation of a friendly atmosphere during this process is particularly important, as it
helps participants to mutually inspire each other throughout the social interactions and
collaboration. The facilitator must not “drive” the activity rigidly but inform the participants
that in the early stage of design there are no “correct” answers and that all opinions are
welcomed and can be explored. Previous work on the subject has shown that group
interaction, particularly amongst older people, plays an important role in determining the
quality of output from a focus group process.
Even though it is efficient, making the focus group a social experience can present some
drawbacks. For example, participants being friends and family can easily forget the
purpose of the session and start discussing about unrelated personal issues. Therefore it
is necessary that the user researcher or moderator guides the session in order to keep the
participants’ focused on relevant issues.
Sometimes elderly people have problems predicting future product features or usage,
especially if they don’t find the specific product useful in practice. Presenting scenarios of
usage for a specific product at the beginning of the focus group session is helpful for
avoiding such situations.

Elderly people need more time to decide whether they will accept or decline invitations to
participate in research. Moreover, they are also prone to cancelling invitations at the last
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minute for unpredictable reasons [55]. Therefore, more participants have to be recruited
when organising focus groups for elderly people. According to some estimates, about
20% above the necessary number of participants have to be recruited [55 and 11].

The problems discussed above and any additional possible problems that may affect
research with focus groups, as well as those modifications that can be used to avoid such
problems, are shown in Table 5.

Table 5: Modification of focus group and adaptation for e-health applications for elderly people

Age-related
changes
Vision
Hearing

Possible problems

Cognition

Limited attention

No problems.
Declined hearing acuity

Reduced working memory
capacity
Understanding

Declined reasoning ability
Knowledge and
experience

Predicting behaviour
Motor
Psychological

No problems.
Attitude towards

Proposed adaptations

Context for the speech is provided.
Spoken text is well structured.
Pauses are used after important grammatical
boundaries.
Researcher’s voice does not have high
frequency.
Researcher’s speech rate is 140 words/minute
or less.
No music or other sounds in the background.
Sound-absorbing materials are used on the
walls, ceilings and floors.
Focus group sessions are conducted in the
morning.
Users are guided through a sequence of tasks
and questions.
Focus group sessions are conducted in the
morning hours.
Recognition rather than recall.
User researchers use active voice.
Instructions about the contextual inquiry are
repeated.
User researchers ensure that elderly people
understand the instructions.
The purpose of each step in the focus group is
clearly explained.
User researcher uses every-day
straightforward language.
User researchers don’t use experimental and
technical jargon.
User researchers present scenarios of use for
the product at the beginning of the session.
The role of the user researcher is clearly
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& social
factors

researcher

Anxiety

Distress of travelling

Recruiting

explained to elderly people.
User researchers aspire to building trust with
users.
Prosody is used with cautious.
Social experience with familiar people and in a
familiar setting reduces anxiety.
Provide food and drinks.
Focus groups are contextualized i.e. focus
groups are organized in participants’
environments.
User researchers aspire to building trust with
users and their families or care givers.
Benefits and opportunities brought by the
research are presented to participants.
More participants than actually needed are
recruited.
Use local media (TV & Radio channels and
newspapers) or nursing homes and day-care
centres for elderly population for recruitment.
Use snowball tactic for recruitment.

Information about how modified focus group sessions differ from standard focus group
sessions is presented in Table 6.
As with contextual inquiries, there are different recommendations about the appropriate
number of participants within a focus group. Although Kunivasky [53] suggested fewer,
from 8 to 12 participants are usually recommended per group, but again because of the
same reason as contextual inquiries - cancelling participation at the last moment - more
than a minimum six participants should be recruited.

Also in this case, elderly people need more time than younger adults to make a decision
whether they will participate within a focus group. Therefore, recruiting invitations have to
be sent at least 14 days before the actual date of the focus group session.

Usually, standard focus groups are conducted in a conference room or a usability lab. In
order to provide more comfortable and relaxing environments, modified focus groups are
conducted within participants’ environments, such as: participants’ homes, clubs or daycare centres.

Standard focus groups are question-based i.e. skilled moderator asks open-ended (for
collecting qualitative data) and close-ended (for collecting quantitative data) questions
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relating to the product and the context of its usage. Modified focus groups, on the other
hand, are scenario-based. In scenario-based focus groups, participants are presented
with a scenario and asked to complete it using the product.

Table 6: Comparison between standard and modified focus group sessions

Recruiting
Scheduling

Location
Conducting the
focus group
Focus
group
structure

5.3.3

Standard focus group
6-12 participants are recruited
3-10 days before the session
Depends on the product.

Conference room or usability
laboratory.
Question-based.
Introduction
Participant introductions
Discussion
Wrap-up

Modified focus group
8-12 participants are recruited
14-21 days before the session
Depends on the product, however
takes longer than when conducted
with younger participants.
Participant’s environment.
Scenario-based.
Introduction (if possible, it is
conducted few days before the
main session)
Participant introductions
Presenting scenarios of use
Creative exercise
Discussion
Wrap-up

Modified card sorting

Since some of the problems that elderly people face during standard contextual inquiries
and/or standard focus groups are very similar or even the same as the problems that
elderly people face during standard card sorting, certain modifications suggested for the
contextual inquiries and/or focus groups are also applicable for card sorting.
Alan Welford [33] described the human’s perceptual system as an information channel,
the output (signal–to–noise ratio) of which is likely to be lower than in younger people. In
order to improve the perceptual system’s output, either the signal strength needs to be
increased or the noise should be decreased. Improving the visual output can be used for
eliminating the age-related visual problems. The visual signal’s strength can be increased
by enlarging the sizes of visual objects and improving their brightness and contrast.
Usually, the cards that participants use during the card sorting method already contain
some textual information. Appropriate textual presentation, in terms of font, size and
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colour is necessary to bypass, or at least reduce, any problems that may occur, due to
age-related vision impairments.
Card sorting results largely depend on participants’ mental models. A person’s mental
model refers to the sum of the person’s total knowledge and experience on a certain topic
[68]. Mental models determine a person’s expectations about a system or a product. In
novel situations where elderly people cannot rely on their mental models, they have
difficulties with performance. However, if mental models are embedded into such novel
situations via metaphors, elderly people can use their previous knowledge and
experiences in a new way.
The problems discussed above and any additional possible problems that may affect
research using card sorting, as well as modifications that can be used to avoid such
problems, are shown in Table 7.

Table 7: Modification of card sorting and adaptation for e-health applications for elderly people

Age-related
changes
Vision

Possible problems

Proposed adaptations

Declined visual acuity

Increased illumination in the setting
environment.
Adjustable light sources, such as desk lamps
are provided.
Non-reflective materials are used for the walls,
desks, floors and ceilings.
Appropriate coverings for the windows are
provided to protect from direct sunlight.
Avoid condensed letters.
Font size is at least 12 pt x-height (the height
of the x character is approximately 4.2 mm).
Use sans serif fonts – Arial, Helvetica,
Verdana.
Use left justification.
Avoid yellow, blue and green in close
proximity.
Contrast of at least 50:1 is used for the text.
Use black letters on white background.
Use dark images on light background.
Sound-absorbing materials are used on the
walls, ceilings and floors.
No music or other sounds in the background.
Conduct sessions in the morning.
The purpose of each step in the card sorting is
clearly explained.
User researcher uses every-day

Type font and size

Contrast

Hearing

Declined hearing acuity

Cognition

Limited attention
Declined reasoning ability
Knowledge and
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experience

Mental models
Motor

Increased response time

Psychological
& social
factors

Distress of travelling
Anxiety

Lack of motivation
Recruiting

straightforward language.
User researchers don’t use experimental and
technical jargon.
Introduce metaphors in a way that participants
can use their mental models.
Study participants are provided about 50 %
more time than the time provided for younger
adults.
Card sorting is contextualized i.e. sessions are
organized in participants’ environments.
Social experience in a familiar environment –
home setting, day-care settings, clubs.
Participants know each other from before –
friends and family.
Introduce game elements in the card sorting
session.
User researchers aspire to building trust with
users and their families or care givers.
Benefits and opportunities brought by the
research are presented to participants.
More participants than actually needed are
recruited.
Use local media (TV & Radio channels and
newspapers) or nursing homes and day-care
centres for elderly population for recruitment.
Use snowball tactic for recruitment.

Information about how modified card sorting sessions differ from standard card sorting
sessions is presented in Table 8.

The recommendations about the appropriate number of participants in a card sorting
session vary from 6 - 8 participants [22] to 20-30 participants [89]. More than a minimum
six participants should be recruited because of the same reason as in contextual inquiries
and focus groups - cancelling participation at the last moment.

Usually, standard card sorting is conducted in a conference room or a usability lab. In
order to provide more comfortable and relaxing environments, modified card sorting
sessions are conducted within participants’ own environments, such as: participants’
homes, clubs or day-care centres.
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Courage et al [22] have estimated that on average, people can sort about 50-70 cards
during a one hour session. However, this number is only valid for younger people. In order
to sort the same number of cards, elderly people need about 50% more time.
Table 8: Comparison between standard and modified card sorting sessions

Recruiting
Scheduling

Location
Conducting the
card sorting
Card
sorting
structure

5.3.4

Standard card sorting
3-10 days before the session
6 – 30 participants
Depends on the product, the
number of cards and number of
participants.

Modified card sorting
14-21 days before the session

For example, 1 hour is needed to
sort 50-70 cards.
Conference room or usability
laboratory.
Experiment-based

For example, 1 hour and a half is
needed to sort 50-70 cards.
Participant’s environment.

Introduction
Warm-up (exercise)
Card sorting
Wrap-up

Introduction (if possible, it is
conducted few days before the
main session
Warm-up (exercise)
Card sorting
Game
Wrap-up

Depends on the product, the
number
of
cards
and
the
participants, however it takes longer
than when conducted with younger
participants.

Game-based

Modified user testing

Since some of the problems that elderly people face during standard contextual inquires,
standard focus groups and/or standard card sorting sessions are very similar or even the
same as those problems that elderly people face during standard user testing, certain
modifications suggested for the contextual inquiries, focus groups and/or card sorting are
also applicable for user testing.
Designers and user researchers should be aware of users’ verbalisation skills. Usually,
users know more than they actually report and user feedback on suggested design ideas
largely depends on properly asked questions.
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The problems discussed above and any additional possible problems that may affect
research with user testing, as well as modifications that can be used to avoid such
problems, are shown in Table 9.
Table 9: Modification of user testing and adaptation for e-health applications for elderly people
Age-related
changes
Vision

Possible problems

Proposed adaptations

Declined visual acuity

Increased illumination in the setting
environment.
Adjustable light sources, such as desk lamps
are provided.
Non-reflective materials are used for the walls,
desks, floors and ceilings.
Appropriate coverings for the windows are
provided to protect from direct sunlight.
Condensed letters are avoided.
Font size is at least 12 pt x- height.
Sans serif fonts, such as: Arial, Helvetica,
Verdana are used.
Left justification is used.
Yellow, blue and green colours are not used in
close proximity.
Black letters are used on white backgrounds.
Dark images are placed on light backgrounds.
Contrast of at least 50:1 is used for the text.
Context for the speech is provided.
Spoken text is well structured.
Pauses are used after important grammatical
boundaries.
Researcher’s voice does not have high
frequency.
Researcher’s speech rate is 140 words/minute
or less.
Sounds, such as: puh, kuh, sss, tuh, sh, ch
and th are avoided.
No music or other sounds in the background.
Sound-absorbing materials are used on the
walls, ceilings and floors
User testing sessions are conducted in the
morning hours.
Speech with high frequencies is used for
getting attention.
User researchers use active voice.
Instructions about the contextual inquiry are
repeated.
User researchers ensure that elderly people
understand the instructions.

Type font and size

Contrast

Hearing

Declined hearing acuity

Cognition

Limited attention

Understanding
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Declined reasoning ability
Knowledge and
experience

Reduced working memory
capacity
Motor

Increased response time

Declined accuracy
Psychological
& social
factors

Attitude towards
researcher

Attitude towards
technology
Distress of travelling
Anxiety
Recruiting

The purpose of each step in the user testing is
clearly explained.
User researcher uses every-day
straightforward language.
User researchers don’t use experimental and
technical jargon.
Users obtain a glossary for the experimental
and technical terms.
User testing sessions are conducted in the
morning hours.
Recognition rather than recall.
Study participants are provided about 50 %
more time than the time provided for younger
adults.
Objects and white-spaces between them are
enlarged.
The role of the user researcher is clearly
explained to elderly people.
The need for honest and critical evaluation is
emphasized at the beginning of the session.
User researchers aspire to building trust with
users.
Prosody is used with cautious.
Participants are clearly explained that failure
to complete a task is part of the experiment,
and so it is normal and expected.
User testing is contextualized i.e. sessions are
organized in participants’ environments.
Conduct user testing in a familiar environment
– home setting, day-care settings and clubs.
User researchers aspire to building trust with
users and their families or care givers.
Benefits and opportunities brought by the
research are presented to participants.
More participants than actually needed are
recruited.
Use local media (TV & Radio channels and
newspapers) or nursing homes and day-care
centres for elderly population for recruitment.
Use snowball tactic for recruitment.

Information about how modified user testing differs from standard user testing is
presented in Table 10.

As with focus groups and card sorting, modified user testing is contextualised i.e. it is
conducted within a participant’s environment.
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Table 10: Comparison between standard and modified user testing

Recruiting

Scheduling

Location
Conducting the
user testing
User
testing
structure

5.3.5

Standard user testing
The number of participants largely
depends on the product and detail
of analysis.
Depends on the product.

Conference room or usability
laboratory.
Depends on the product, the nature
of evaluation and detail of analysis.
Depends on the product, the nature
of evaluation and detail of analysis.

Modified user testing
The number of participants largely
depends on the product and detail
of analysis.
Depends on the product, however
takes longer than when conducted
with younger participants.
Participant’s environment.
Depends on the product, the nature
of evaluation and detail of analysis
Depends on the product, the nature
of evaluation and detail of analysis.

Modified AttrakDiff user survey questionnaire

The original AttrakDiff questionnaire is an on-line questionnaire [92]. However, as the
percentage of elderly people using the Internet is still relatively low, it is difficult to find
enough elderly people willing to complete an on-line questionnaire [94]. The fact that
participants need an e-mail address to be able to conduct the AttrakDiff questionnaire is
an additional aggravating circumstance [92]. This is the reason why, instead of on-line
questionnaires, we suggest the usage of paper-and-pencil questionnaires whenever
possible.

Since upper-case text reduces the reading speed, normal text should be used for the
questionnaires. However, in certain situations, for example when a user’s attention is
essential, mixed text is useful (normal and upper-cases for highlighting).

In contrast to the effort regarding visual search, pre-attentive visual search is effortless
and does not require the user’s attention. Hence, whenever possible, pre-attentive visual
search has to be used instead of the effort of visual search.

A research study by Mikels et al [71], suggested that elderly people neither desire, nor
value, choice to the same extent that younger people do. The same study also showed
that, on average, elderly people desire less than half as many options as younger people
do. Furthermore, research done by Botti et al [15], showed that too many choices may be
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especially unfavourable when decision-making. In addition to decreasing the qualities of
decisions, too many choices make elderly people lose motivation when choosing anything
at all. When considering the findings regarding how the number of choices affects the
elderly people’s decision-making, questionnaires for elderly people need to provide fewer
options than questionnaires for younger people. Pak et al [68] have estimated that the
number of options should be kept to four or fewer. Lowering the number of options in the
questionnaires would facilitate the work for the elderly, but would not affect the reliability of
the questionnaires’ results.

As in focus groups, more participants have to be recruited in order to fully complete the
AttrakDiff questionnaire. Taking into account Barrett et al [11] estimates, 24 older users
should be recruited instead of the necessary minimum of 20.
The problems discussed above and any additional problems that may affect research
using the AttrakDiff questionnaire, as well as those modifications that can be used to
avoid such problems, are shown in Table 11.
Table 11: Modification of the AttrakDiff user survey questionnaire, and adaptations for e-health
applications regarding elderly people

Age-related
changes
Vision

Possible problems

Proposed adaptations

Type font and size

Condensed letters are avoided.
Font size is at least 12 pt x- height.
Sans serif fonts, such as: Arial, Helvetica,
Verdana are used.
Limit use of bold, italics and other font
features.
Left justification is used.
Large areas of white space.
Normal case text is used for the questions.
Upper-case text is used with care only for
attracting user’s attention.
Contrast of at least 50:1 is used for the text.
Black letters are used on white backgrounds.
Pre-attentive visual search is used instead of
effortful visual search.

Contrast
Visual search
Hearing
Cognition

No problems
Limited attention
Knowledge and
experience

Sessions are conducted in the morning hours.
Highlighting and lowlighting is used.
Technical jargon is avoided in the AttrakDiff
questionnaire.
Users obtain a glossary for the experimental
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Understanding

Ability to decide

Motor

Accuracy

Psychological
& social
factors

Lack of motivation
Recruiting

and technical terms.
AttrakDiff questionnaire do not include
acronyms.
User researchers use active voice.
Instructions about the user testing are
repeated.
User researchers ensure that elderly people
understand the instructions.
Users obtain a booklet with short and clear
instructions about the user testing.
AttrakDiff questionnaire for elderly people
provide around half as many options as
AttrakDiff questionnaire for younger people.
Objects and white-spaces between them are
enlarged.
Benefits and opportunities brought by the
research are presented to participants.
User researchers aspire to building trust with
users and their families or care givers.
More participants than actually needed are
recruited - 24 instead of 20.
Benefits and opportunities brought by the
research are presented to participants.
Use local media (TV & Radio channels and
newspapers) or nursing homes and day-care
centres for elderly population for recruitment.
Use snowball tactic for recruitment.

Information about how the modified AttrakDiff questionnaire differs from the standard
AttrakDiff questionnaire is presented in Table 12.
The on-line AttrakDiff questionnaire can only be used free of charge for 20 participants
[92], whereas the modified, paper-and-pencil AttrakDiff can be used for as many
participants as necessary i.e. there are no upper limitations regarding the number of
participants.

The reduced number of questions (only 16 instead of the original 27) and the possibility of
completing the questionnaire using a familiar procedure (pencil and paper), enables
participants to complete the modified questionnaire within a shorter time than when
conducting the standard on-line questionnaire.
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In order to access the standard AttrakDiff questionnaire, participants need a username
and password, which are sent to them via e-mail. Once they log-in to the web-portal, they
can start completing the questionnaire.

Besides the modified AttrakDiff questionnaire, participants receive a glossary of the terms
used in the questionnaire, to ensure there are no existing language problems.

Table 12: Comparison between standard and modified AttrakDiff

Scheduling

Standard AttrakDiff
20 participants are recruited
0-5 days before the session
Depends on the product.

Location

Participant’s environment

Modified AttrakDiff
As many as possible.
14-21 days before the session
Depends on the product; however it
takes shorter than when conducting
standard on-line AttrakDiff.
Participant’s environment.

Conducting
AttrakDiff
AttrakDiff
structure

On-line

Paper-and-pencil

Users receive an e-mail with a user
name and password to access the
questionnaire.
Users log-in on the web portal and
complete the questionnaire.

Introduction
Users receive a glossary with terms
used in the questionnaire.
Users complete the paper-andpencil questionnaire.

Recruiting

The modified AttrakDiff paper-and-pencil questionnaire is shown in Figure 7.
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Human

Technical

Pleasant

Unpleasant

Simple

Complicated

Professional

Unprofessional

Ugly

Attractive

Practical

Impractical

Predictable

Unpredictable

Brings me closer

Separates me from

to people

people

Good

Bad

Confusing

Clearly structured

Repelling

Appealing

Innovative

Conservative

Undemanding

Challenging

Motivating

Discouraging

Novel

Ordinary

Unmanageable

Manageable

Figure 7: AttrakDiff questionnaire adapted for elderly people

8

8

The modified questionnaire used in the research study can be found in APPENDIX C.
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6 FIELD-TRIAL USING MED-REMINDER
A multiscreen e-health application, named Med-Reminder was used to validate the
following thesis hypotheses:
•

Q2. The effectiveness of the UCD methods that are modified for e-health
applications intended for elderly people can be evaluated and compared with the
effectiveness of the conventional UCD approaches and

•

Q3. E-health applications where the modified UCD methods are deployed provide
a better opportunity for higher adoption and acceptance rates amongst the target
population of elderly people than other e-health applications.

The first version of the Med-Reminder application was developed for use within an
interactive TV system.

6.1 Med-Reminder application for an interactive TV system
Med-Reminder is an application that uses the plug-in framework of the Innbox NTB
solution [44]. This application also utilises other common features of a NTB solution, such
as the possibility of playing video content and establishing a video-call connection, which
are unique features amongst other medicine reminder-type applications on the market.

The basic purpose of Med-Reminder is to provide a useful e-health application, fulfilling
the existing needs of a specific population who requires an appropriate medicine
usage/consumption. The process of this application’s functional specification was, on the
one hand, to focus on an analysis of the specific circumstances regarding the medicine
consumption process whilst, on the other hand, an analysis addressing the necessary
characteristics for a graphical user-interface that best fulfils the demands of the target
population.
6.1.1

Med-Reminder application platform

The application usage scenario was defined after an appropriate analysis of a medical
consumption process, with a particular consideration for an older population and with the
support of experts from the Medical faculty. The main focus of the work was on the
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simplicity of the application’s configuration and usage, together with a simple help system,
based on informational videos.
The Med-Reminder application comprises three modules that cover all the essential
features needed during the process of technologically supported medicine consumption:
•

The Reminder module includes the core logic of the application; it provides an
intuitive interface for the selection of a medicine, the timer-logic and a reminder
window that pops up every time a user needs to be reminded to take a medicine.

•

The Video-call module provides simple buttons for initiating video calls to
predefined telephone number (e.g. of the family or a doctor). This functionality is
provided in case the user needs any help or advice when taking the medicine.

•

The Video-Help module enables the playing of video clips with additional
information about the medicine and a usage demonstration.

The central application part, the Med-Reminder module, is designed as a plug-in,
providing the basic application logic and the graphical interface(s). The video-call module
that is also a plug-in, and the video-player module, which is available within the core
application, can be seen as a “helper” module. It can be used in the case of necessity
(e.g. the user decides to make a call to a doctor or to watch a video presentation).

One component of the video-call module, a SIP client enabling Voice-over-IP calls, is
purposely located outside the entire media-centre application (operating directly on the
Linux OS) in order to provide an independent and compact video-telephony component
that can be easily be used for other plug-in applications (i.e. the same component is used
within a SIP messaging and presence plug-in, which is also a part of the NTB). The intercommunication when using this SIP client is done via IPC Sockets. The usage of a SIP
client can later on provide users with some extra services such as presence monitoring,
messaging, call control, media exchange or recommendations.
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Figure 8: Med-reminder application architecture

6.1.2

Med-Reminder application GUI

Since the Med-Reminder application was intended for elderly people, its GUI was
designed specifically for elderly people’s needs, abilities, limitations and environments.
Therefore, design recommendations from several authors were considered for the MedReminder GUI design [36, 17, 33, 21, and 43].
Some of the principles, considered during the Med-Reminder application’s design were:
•

Colour contrast - white or yellow text on a black background,

•

Screen spacing - sufficient blank spaces amongst the text and graphic items on
the screen,

•

Font size and typeface - large text and an easily readable typeface,

•

Hierarchical structures with only two menu levels,

•

Important information shown on the first on the application’s screen,

•

Forms of highlighting using different text colours,

•

Only small amounts of important information need to be entered by the users.

Med-Reminder was designed so that elderly people with visual and hearing impairments
can easily use the application as well. People with hearing impairments can see the
reminder and read the information about it on the screen. Elderly people with poor vision
can listen to the same information from a nurse in the available video.
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6.1.3

Application usage scenario

Based on literature analysis of conventional diseases that are characteristic for the elderly
and from conversations with general practitioners, whose patients are mainly elderly
people, the usual medications with different doses and instructions for usage regarding
these diseases were entered into the system [86]. Furthermore, short videos containing
information about each medicine were recorded and also added. The telephone numbers
of the support persons (i.e. relatives, nurses, doctors) for establishing video-calls were
configured manually for each individual user. The SIP client within the video-call module
was configured to enable video calls to mobile subscribers (via mobile/UMTS video-calls).

After the NTB and Med-Reminder application installation at the user’s premises, the
application usage process first requires a configuration of the medicine reminder details
(Figure 9) – when and how the medicine should be consumed. The users, their relatives
or somebody from the home-care service use the Med-reminder’s GUI and a TV remote
control to enter the prescribed dosages and their time intervals, the recommended times
of day, exactly as instructed by the doctors and pharmacists.

Fig. A: Selecting the specified medication

Fig. B: Selecting the recommended dose

Fig. C: Selecting the number of pills

Fig. D: Writing an additional description
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Fig. E: Information about video availability Fig. F: Selecting the time for the reminder
Figure 9: Adding reminders for the taking a medicine

Every time a patient is supposed to take the prescribed medicine, a window with short and
clear instructions for taking the medicine in the proper way pops up on the TV screen, as
shown in Figure 10, and a sound notification is played. By clicking the ‘Watch the nurse’
button, the user is also able to watch a short video where a speaking ‘nurse’ explains
written instructions and offers additional information about the medicine. As a
supplementary feature, in emergency cases, elderly people can make a video call to a
relative or a medical person by just pressing a key on the remote control.

Figure 10: Reminder for taking a medicine
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6.1.4

Med-Reminder user evaluation study

A user evaluation study was conducted in order to evaluate the user interface, navigation,
and general usability of the interactive Med-Reminder application,. The analysis of the
results obtained from the user evaluation study showed that participants find the MedReminder application logical, useful, and easy to use and operate. Additionally, the
study’s participants showed that the Med-Reminder application has a high adoption rate
amongst its target users i.e. elderly people.

However, the user evaluation study discovered some problems users had with the MedReminder application. Moreover, the study’s participants had various suggestions for
future improvements of the Med-Reminder application [81].

The results from the user evaluation study were used to prepare an improvement proposal
for the Med-Reminder application. Additionally, the study’s results were used to prepare a
prototype for a mobile Med-Reminder application that can be used on smart-phones and
tablets.
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6.2 Mobile Med-Reminder application
A Mobile Med-Reminder is an application that runs on Android smart-phones and tablets.
The basic purpose of Mobile Med-Reminder is to provide a useful mobile reminder
application that is always at users’ fingertips.

The application is designed according to Android user interface guidelines and utilises the
Android fragments concept. The fragments decompose the application user interface into
reusable parts. As a tablet’s screen is much larger than a smartphone’s screen, there are
more places for different user interface components to be integrated into different
fragments. On a smartphone a viewed list of reminders takes over the whole screen, and
tapping a specific reminder takes the user to the next screen containing reminder details.
On a tablet, the viewed list of reminders and reminder details are displayed
simultaneously on the screen. Since smartphone and tablet applications use the same
fragments, the Mobile Med-Reminder user experience is transparent for both devices.
6.2.1

Mobile Med-Reminder Architecture

The Mobile Med-Reminder comprises two modules that cover all the essential features
needed during the process of technology supported medicine consumption:

•

The Med-Reminder graphical module includes the core logic for manipulating

reminders using graphical user interface.

•

The Med-Reminder service module that includes the timer-logic and a reminder

window that pops up every time a user needs to take a medicine.

The mobile Med-Reminder application was used to test the thesis hypotheses Q2 i.e. to
evaluate the efficiencies of the standard UCD methods and the efficiencies of the modified
UCD methods for doing research with elderly people for multiscreen e-health applications.
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6.3 Field-trial methodology
A separate field trial was conducted in order to evaluate the efficiencies of the standard
and modified UCD methods for doing research with elderly people for multiscreen e-health
applications.
This field-trial was conducted in a nursing home for elderly people in Maribor, Slovenia.
The management of the nursing home helped the research study by selecting and
recruiting residents with health conditions appropriate for this study - people, older than 65
years, affected by general age-related changes, but not suffering from special diseases,
such as: dementia, glaucoma of Parkinson disease. The nursing home residents were
briefly introduced to the study by the staff and asked if they were willing to participate in it.
Twenty residents confirmed their participation in the trial.
In chapter 5.3 we have presented the modifications of five standard UCD methods and
their adaptation for doing research with elderly people in the field of e-Health (contextual
inquiry, focus group, card sorting, user testing, and user survey questionnaire – the
AttrakDiff questionnaire). Because of the limited time and resources, and especially the
limited availability of test participants i.e. elderly people, in the field-trial we tested only six
UCD methods out of ten UCD methods presented in chapter 5. Three of them were
standard (focus group, card sorting and AttrakDiff questionnaire) and the rest were
modified methods (focus group, card sorting and AttrakDiff questionnaire).The additional
four methods, two standard (contextual inquiry and user testing) and two modified
(contextual inquiry and user testing) were not included in the field-trial. However, the
modifications for the focus groups were similar with the modifications for the contextual
inquiry. Additionally, the modifications for the focus groups in combination with the
modifications for the AttrakDiff questionnaire were similar with the modifications for the
user testing. Therefore, the field-trial findings from the focus groups and the AttrakDiff
questionnaire could be transferred for the methods that were not tested in the field-trial
(contextual inquiry and user testing).
The ISO 9241-210:2010 standard suggests that when appropriate UCD methods are
properly used during product design and development, they can improve the product
quality, which results in [47]:
•

Increased productivity of users,
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•

Makes the product easier to understand and use,

•

Increased usability and accessibility for a wider range of people,

•

Improved user experience and

•

Reduced discomfort and stress.

In response to these findings, we have developed an UCD efficiency scale (UCD_ES).
The UCD_ES is a seven-item scale that measures the ISO quality indicators and can be
used to compare and determine which UCD method is more efficient in a UCD process for
selected a product within a selected domain. How UCD_ES works in practice is shown in
Figure 11 on the examples of a product X and a domain Y. Product X, domain Y, and the
test participants are the same in both situations – when using method A and when using
method B.

Figure 11: Comparing the efficiencies of different UCD methods with UCD_ES

The result of the UCD_ES is a number representing a composite measurement of the
overall quality of the product. As shown in Figure 11, the UCD method that obtains higher
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UCD_ES score for the same product, within the same domain, and with the same
participants is more efficient than the UCD method with a lower UCD_ES score.
In the research study, UCD_ES was used to compare standard and modified UCD
methods (focus group and card sorting) and identify which ones, standard or modified, are
more efficient for doing UCD research into the multiscreen Med-Reminder application for
elderly people.
However, in the case of the AttrakDiff questionnaire, the relevance of the modifications
cannot be evaluated in the same way (using the UCD_ES) as with other two methods:
focus groups and card sorting. The reason for this is that in the cases of focus groups and
card sorting, different methods (standard and modified focus group and card sorting) were
used to create different versions of the product (different user interfaces, interactions,
navigation, etc.). On the other hand, in the case of the AttrakDiff questionnaire, different
methods (standard and modified AttrakDiff) were used to evaluate the same version of the
product (same user interface, same interaction and same navigation). Therefore, in the
case of AttrakDiff, the evaluation of the modifications’ relevance was based on heuristic
observations obtained during the field-trial, such as: the amount of questions participants
had about the AttrakDiff questionnaire, the number of problems participants encounter
with the questionnaire, the amount of help needed from the user researcher, and the
number of people willing to participate in the field-trial study.
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6.3.1

UCD_ES – the User-Centred Design efficiency scale definition

The UCD_ES, presented below, is implemented as a simple three-point Likert scale [96].

User-Centred Design Efficiency Scale (UCD_ES)

Please check all the items in the scale. If you feel that you cannot respond to a particular item,
please mark the middle point of the scale.

Disagree
1.

This product helps me to achieve my goals
in rational time.

Agree

¹

²

³

2. It is easy to learn and understand how to
use the product.

¹

²

³

3. It is easy to make the product do exactly what
you want.

¹

²

³

4. The product enables me to achieve my goals
with effectiveness, efficiency and satisfaction.

¹

²

³

5. I think people with special needs and
accessibilities can easily use the product.

¹

²

³

6. I enjoy working with this product.

¹

²

³

¹

²

³

7. Using this product is not stressful.
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The seven items of the UCD_ES cover the aspects of quality improvement introduced by
the ISO 9241-210:2010 (see chapter 6.3), as follows:
•

Increased productivity of users:
o

•

•

This product helps me to achieve my goals in rational time.

Makes the product easier to understand and use:
o

It is easy to learn and understand how to use the product.

o

It is easy to make the product do exactly what you want.

Increased usability and accessibility for a wider range of people:
o

The product enables me to achieve my goals with effectiveness,
efficiency and satisfaction.

o

I think people with special needs and accessibilities can easily use the
product.

•

Improved user experience:
o

•

I enjoy working with this product.

Reduced discomfort and stress.
o

Using this product is not stressful.

Participants are asked to check all seven items on the scale. If a participant feels like they
cannot respond to a particular item, they are asked to mark the middle point of the scale.
6.3.2

Scoring UCD_ES

The scoring procedure of the UCD_ES was based on the scoring procedure of the widelyused System Usability Scale (SUS) [16].
To calculate the UCD_ES overall score, the score contributions from each of the seven
items should be summed. Each item’s score contribution will range from 0 to 2 and can be
calculated from the scale position minus 1. The sum of the individual scores is then
multiplied by 100 and divided by 14 to obtain the overall value of UCD_ES. The overall
UCD_ES scores have a range of 0 to 100.
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An example of how the UCD_ES score is calculated is shown below:

1.

This product helps me to achieve my goals
in rational time.

Disagree
¹

2. It is easy to learn and understand how to
use the product.

¹

3. It is easy to make the product do exactly what
you want.
4. The product enables me to achieve my goals
with effectiveness, efficiency and satisfaction.

²

√

³

²

³

¹

²

³

¹

²

√

³

5. I think people with special needs and
accessibilities can easily use the product.

¹

²

√

³

6. I enjoy working with this product.

¹

²

¹

²

7. Using this product is not stressful.

√

Agree

³

√

√

√

³

UCD_ES = (1 + 0 + 2 + 1 + 1+ 2 + 1)*100 / 14 = 57
The overall UCD_ES score is used to compare the efficiencies of two (or more) UCD
methods, when they are used in a UCD process for the same product within the same
domain, and where the same participants are involved in the UCD process. The higher
UCD_ES score identifies which one of the two (or more) used UCD methods is more
efficient for UCD research for the specific product, domain, and participants.
For example, during the UCD research, for product X within the domain Y, two different
UCD methods (method A and method B) were used by the same participants. At the end
of the UCD process, the participants evaluated product X twice – once for the version that
was developed using UCD method A, and then for the version that was developed using
UCD method B. If method A obtained an overall UCD_ES score of 43 and method B a
score of 75, this means that method B is more efficient for doing UCD research with the
specific participants, the specific product, and the domain.
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6.4 Field-trial implementation
The research study was conducted in March, 2013. Twenty nursing home residents
participated in the study. Eleven of them were women and nine were men. The youngest
participant was 64 years old, whilst the oldest one was 91 years. The participants were
divided into two groups containing ten people in each. There were six women and four
men in the first group of participants (group A). The second group of participants (group B)
was consisted of five women and five men. The participants from the group A were part of
the UCD process for the mobile Med-Reminder application, where standard UCD methods
were deployed (focus group, card sorting and the AttrakDiff questionnaire). The
participants in group B were part of the UCD process for the mobile Med-Reminder
application, where modified UCD methods were deployed (focus group, card sorting and
the AttrakDiff questionnaire).
6.4.1

Standard focus group

The focus group session with participants from group A was conducted in one of the
conference rooms at the nursing home and lasted for 65 minutes. During the first five
minutes of the focus group the user researcher and the focus group participants
introduced themselves to each other. In the next ten minutes the user researcher
presented what the mobile Med-Reminder application is and how it can be used. The
following 40 minutes were used for discussion.
Some of the topics discussed in the focus group were:
•

What is your typical day like?

•

Do you use any type of technology? If yes, what kind of technology? If not, why
not?

•

What kind of technology would you like to use?

•

Do you understand the terms e-health, medicine reminder, mobile application?

•

Do you take any medication? If yes, what kind of medication and how often do
you consume medications?

•

What do you think about your short/long-term memory? Have you noticed any
changes in it?

•

Have you ever forgotten to take a medication?

•

Do you use any reminders? If yes, what kind of reminders?
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•

What would you expect from an application like mobile Med-Reminder?

After the discussion, the participants had 20 minutes to gather their thoughts about the
more important ideas they expected and desired from the mobile Med-Reminder
application and place them on a poster, followed by creating a very basic paper prototype
of the mobile Med-Reminder application.
During the last 5 minutes of the focus group session, the participants were asked to
complete the UCD_ES for the prototype of the mobile Med-Reminder they had just
created.
6.4.2

Modified focus group

The focus group with participants from group B was divided in two parts – introduction part
and session part. The introduction part of the focus group lasted for 40 minutes and was
conducted in the nursing home cafeteria. During the introduction part the user researchers
introduced themselves and their work, and then talked to the participants about general
things. As a result, the participants grew more confident in talking to the user researchers.
Once participants gain confidence, we asked them about their general health condition
and their medication usage.

If the participants were taking any medicine, we asked them questions, such as:
•

What kind of medicines do you take?

•

What are your habits and experiences when you take the medicines?

•

Do you ever forget to take a medicine?

•

How often do you forget to take a medicine?

•

They explained to us the procedures they were using for remembering to take their
medications

For example, a 75-year-old lady was using a list of medications with use instructions, as
shown in Figure 12 [83]. Each time she took a medication, she put a mark on the list, so
that she and her relatives would know that she had not forgotteh to take the medication.
At the end of the first, introduction part, we arranged a date for the second, the session
part. The session part, which lasted for 75 minutes, was conducted in one of the nursing
home’s living rooms one week later. With the nursing home management’s permission,
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we brought some food and non-alcoholic drinks to the session in order to make the
experience even more social.

During the first 10 minutes of the session we presented the Med-Reminder application
and some basic use-case scenarios to the participants, so that they would become
acquainted with Med-Reminder. When we were positive that the participants are familiar
with Med-Reminder, we started the ‘theatre’ part of the session, which lasted for another
40 minutes. In the ‘theatre’ part, we made some scenarios about Med-Reminder usage
and asked the participants to perform certain roles.

For example, one of the participants, a 72-year-old lady, was playing the role of a diabetic
patient. In her role, she was supposed to take three different types of medicines, one type
twice a day, and the other two types, only once a day. Whilst playing the role, the lady
explained what the reminder message should look like and what kind of information it
needs to contain to be useful for her. All other participants played similar real-case roles
and expressed their opinions about the Med-Reminder.

Figure 12: An example of a medicine reminder
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After the ‘theatre’ part of the session, the participants in group B had 20 minutes to make
a very basic paper prototype of the mobile Med-Reminder application, based on their
ideas, desires, and expectations that came out during the ‘theatre’ part of the session.
Similarly, as in the standard focus group session, at the end of the session the
participants from Group B were asked to complete the UCD_ES for the prototype of the
mobile Med-Reminder they have just created.
6.4.3

Standard card sorting

The card sorting session with participants from group A was conducted in one of the
conference rooms at the nursing home, and lasted for 70 minutes. During the first ten
minutes of the session the user researcher presented what card sorting is and how it can
be used within a UCD process. In order to clarify what participants should really do, the
next five minutes were used for a short practise exercise. Once, everyone from group A
was comfortable with the concept, each participant received a set of 35 cards. 25 cards
were already labelled and 10 of them had been deliberately left empty. The participants
were encouraged to fill the empty cards with contents that the researchers had not
provided for the Med-Reminder, but which they thought were necessary. As all the
participants were from Slovenia, the Slovenian language was used on the cards. Some of
the original cards used in the card sorting session can be found in Appendix B. Some of
the cards translated into English, are shown in Figure 13.
During the next 50 minutes, the participants from group A were asked to individually sort
the cards for the following situations:
•

Remind me to take an Aspirin,

•

Set new medicine reminder and

•

Change the dosage of my medication
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Figure 13: Labelled cards used in the card sorting method in the English language

At the end of the card sorting session, participants were asked to complete the UCD_ES for
the paper prototype of the mobile Med-Reminder, that they had created using the cards.

6.4.4

Modified card sorting

In order to make the method easier and more inspiring, we introduced some game
elements into the card sorting session for the participants in group B. At the beginning of
the session, the users were told that this was not a research study, but a research game.
Therefore, the rules of the game were presented instead of describing the UCD research
process with card sorting.
As with the participants in group A, each of the participants in group B received a set of 35
cards. Again, 25 cards were already labelled and 10 of them were deliberately left empty.
The participants were asked to anonymously sort the cards on the table for a specific
situation, such as: Remind me to take an Aspirin. Once the participants had completed the
sorting, the user researcher photographed the all the card-sorted variations in order to
analyse repeat occurrences and order frequencies. The anonymous card sorting
variations were then evaluated by each participant. The participant whose card sorting
variation obtained the highest score became the winner of the game. The winner of the
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game was awarded with a winner certificate 9. The other participants were also awarded
with a participation certificate 10.
The game was repeated also for the remaining two situations:
•

Set new medicine reminder and

•

Change the dosage of my medication

A card sorting example is shown in Figure 14.

Figure 14: Card sorting example: setting a new medicine reminder

As well as during other sessions, participants were asked to complete the UCD_ES for the
mobile Med-Reminder they had created using the cards.

9

Winner's certificate is shown in Appendix B_1.
Participation certificate is shown in Appendix B_2.

10
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6.4.5

Standard AttrakDiff

As the AttrakDiff questionnaire can be used for already-developed prototypes and
products, we used the Med-Reminder application as the interactive TV system for
comparing the efficiencies of the standard and modified AttrakDiff methods.

The participants in group A had a really difficult time completing the standard AttrakDiff
questionnaire. The main problem with AttrakDiff was the language. The on-line
questionnaire is only available in English and German languages. Even though some of
the participants in group A knew some English and/or German, they were unfamiliar with
the terminology in the questionnaire.

Another problem was the AttrakDiff completion procedure, which requires that the
participant has an active e-mail account. As only two participants in group A had e-mail
accounts, we offered the other eight participants the opportunity to create them new email accounts. Four of them were interested in this, whilst the other four said they could
not think of any benefits from using e-mails, so they do not need new accounts.

The six participants in group A who had e-mail accounts (two from before and four newlycreated) completed the AttrakDiff questionnaire using the standard procedure – received
an e-mail with user name and password and a link to the questionnaire. The remaining
four participants completed the questionnaire using the user researchers’ e-mail accounts.

6.4.6

Modified AttrakDiff

The original AttrakDiff questionnaire was modified, as follows:
•

The on-line AttrakDiff questionnaire was replaced with a paper-and-pencil
AttrakDiff questionnaire.

•

It was translated into the participants’ native language – Slovenian language in this
particular case.

•

Participants obtained a glossary, containing the definitions of the terms used in the
AttrakDiff questionnaire.

•

The gradations between the two extremes were reduced from seven to only three.

•

Some word pairs were excluded from the questionnaire. The modified
questionnaire is consisted of 16 word-pairings.
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7 FIELD-TRIAL RESULTS
During the field-trial we have conducted six different UCD activities, three of them using
standard UCD methods (focus group, card sorting, and the AttrakDiff questionnaire) and
the other three were using modified UCD methods (focus group, card sorting, and the
AttrakDiff questionnaire).
In the cases of focus groups and card sorting, we used the UCD_ES in order to determine
which one of the methods (standard or modified) is more efficient. We compared the
overall UCD_ ES scores for both modified and standard methods. The results obtained in
the field-trial are shown in Table13.

Table13: Overall UCD_ES scores for the standard and modified UCD methods

UCD method

Standard UCD

Modified UCD

Difference in

method UCD_ES

method UCD_ES

UCD_ES scores

Focus group

43.6

66.4

22.8

Card sorting

52.1

69.3

17.2

In addition to the overall UCD_ES score, we were interested in how the individual quality
indicators (QI) were evaluated in both cases, for standard and modified UCD methods.
The results obtained in the field-trial are shown in Table 14. All results obtained in the
field-trial can be found in Appendix D.

87

E. Stojmenova, User-centred design for multi-screen e-health applications for elderly people

Table 14: ISO quality indicators' evaluation for the standard and the modified UCD methods. NA is
the number of test participants who disagreed, DN is the number of test participants who were not
decided about and A shows the number of test participants who agreed with the QI statement.

Focus group
Standard

Card sorting

Modified

Standard

Modified

D

DN

A

D

DN

A

D

DN

A

D

DN

A

Q1

4

6

0

0

8

2

1

8

1

0

7

3

Q2

3

4

3

1

2

7

0

4

6

1

4

5

Q3

2

8

0

1

4

5

1

7

2

0

5

5

Q4

4

6

0

0

9

1

3

7

0

0

10

0

Q5

3

7

0

1

9

0

2

8

0

2

5

3

Q6

0

8

2

0

3

7

3

5

2

0

2

8

Q7

0

8

2

0

6

4

0

8

2

0

4

6

On the other hand, in the case of the AttrakDiff questionnaire, we used heuristic
observation in order to determine which one of the methods (standard or modified) is
more efficient. Only one participant in group A, was able to complete the standard on-line
AttrakDiff questionnaire. The other nine participants received help from the user
researcher in terms of accessing the questionnaire, translating the words, and explaining
the meanings of the terms used in the questionnaire. In contrast to the participants in
group A, the participants in group B, had no problems when completing the paper-andpencil AttrakDiff questionnaire. Although the participants from group B were provided with
a glossary, the main problem was still the terminology used in the AttrakDiff questionnaire.
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7.1 A comparison of efficiencies between the standard focus group
and modified focus group
The UCD_ES overall score was calculated as an average of the individual UCD_ES
scores. The individual and overall UCD_ES scores for the prototype of the mobile MedReminder application, created within the standard focus group session, are shown in
Figure 15. The overall UCD_ES score was 43.6. The lowest obtained individual UCD_ES
score in the field trial was 28.6, whilst the highest individual UCD_ES score was 64.3.

UCD_ES individual score

UCD_ES individual scores for standard focus group
100
90
80
70
60
50
40
30
20
10
0

Figure 15: UCD_ES individual scores for standard focus group

Individual and overall UCD_ES scores for the prototype of the mobile Med-Reminder
application, created during the modified focus group session, are shown in Figure 16. The
overall UCD_ES score was 66.4. The lowest obtained individual UCD_ES score in the
field trial was 35.7, whilst the highest individual UCD_ES score was 85.7.
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UCD_ES individual score

UCD_ES individual scores for the modified focus group
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Figure 16: UCD_ES individual scores for the modified focus group

7.2 A comparison of efficiencies between the standard card sorting
and modified card sorting
Individual and overall UCD_ES scores for the prototype of the mobile Med-Reminder
application, created during the standard card sorting session, are shown in Figure 17. The
overall UCD_ES score was 52.1. The lowest obtained individual UCD_ES score during
the field-trial was 35.7, whilst the highest individual UCD_ES score was 64.3.
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UCD_ES individual scores

UCD_ES individual scores for the standard card sorting
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Figure 17: UCD_ES individual scores for the standard card sorting

Individual and overall UCD_ES scores for the prototype of the mobile Med-Reminder
application, created during the modified card sorting session, are shown in Figure 18. The
overall UCD_ES score was 69.3. The lowest obtained individual UCD_ES score during
the field-trial was 50.0, whilst the highest individual UCD_ES score was 92.9.
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UCD_ES individual scores for the modified card sorting
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Figure 18: UCD_ES individual scores for the modified card sorting
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7.3 A comparison of efficiencies between standard AttrakDiff and
modified AttrakDiff
As already shown in Chapter 7 the field-trial participants were less willing to participate in
the field-trial and complete the on-line AttrakDiff questionnaire. Additionally, the field-trial
participants had a lot more problems with the standard AttrakDiff questionnaire, such as:
setting up an email account, lower digital literacy and lower understandability of the
questionnaire. On the other hand, the field-trial participants who used the modified penciland-paper AttrakDiff questionnaire did not encounter such problems. All ten field-trial
participants were willing to participate in the field-trial and to complete the AttrakDiff
questionnaire. Almost everybody was able to complete the questionnaire without the user
researcher’s help. Because of the glossary of terms provided together with the
questionnaire, field-trial participants had less questions in relation to the terms used in the
questionnaire. This

proves

that

modifications

positively

affected the AttrakDiff

questionnaire.

7.4 Discussion of the field-trial results
The field-trial results, as shown in Table13, revealed that modified UCD methods
(modified focus group and modified card sorting) obtained higher UCD_ES score than the
standard UCD methods (standard focus group and standard card sorting).
The differences between the UCD_ES scores for standard and modified UCD methods
were different for different types of UCD methods. This meant the modifications done in
relation to target users’ (i.e. elderly people) abilities and target domain (i.e. e-health)
characteristics had the highest impact on the focus group method.

In order to find out how modifications affected the quality improvements’ indicators, we
analysed the individual items within the UCD_ES (See Table 14). For example, in the
focus group, the greatest improvement was observed in the item: “It is easy to learn and
understand how to use the product.” The participants’ responses on this item in both the
standard and modified focus group are shown in Figure 19.
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It is easy to learn and understand how to use the product
10

Number of particiants

9
8
7
6
5

Standard focus group

4

Modified focus group

3
2
1
0
Disagree

Don't know

Agree

Figure 19: Participants' responses on the 2nd item in the UCD_ES for focus groups

The results in Figure 19 showed that the modifications done for the standard focus group
had positive impact on how the participants perceived the product in terms of ease of
learning and understanding.

Similarly, we discovered that using modified card sorting had affected the participants’
perceptions of user experience. The participants’ responses to the item about the user
experience (“I enjoy working with this product”), for both standard and modified card
sorting, are shown in Figure 20.
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I enjoy working with this product
10
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9
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Figure 20: Participants' responses on the 6th item in the UCD_ES for card sorting

In the same way, for each of the modified methods, we discovered which quality
improvement indicators were highly affected by the modifications, and within which
situations, the modifications were not relevant. The results are shown in Table 15.

As it can be seen from Table 15, the modifications had highest relevance for the following
quality improvement indicators:
•
•
•

Using this product is not stressful.
It is easy to make the product do exactly what you want.
I enjoy working with this product.

On the other hand, the modifications had the lowest relevance for the following quality
improvement indicator:
•

The product enables me to achieve my goals with effectiveness, efficiency and
satisfaction.

We believe that the reason for this is that elderly users did not clearly understand the
meaning of the terms effectiveness and efficiency in relation with the product usage,
which affected the way study participants expressed their opinions about the quality
improvement item.
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Table 15: The relevance of modifications on the ISO quality improvement metrics

UCD_ES items

Relevance of
focus group
modifications
Medium

Relevance of
card sorting
modifications
Low

High

Low

High

High

Medium

Low

Medium

Medium

I enjoy working with this product.

High

High

Using this product is not stressful.

Medium

High

This product helps me to achieve my
goals in rational time.
It is easy to learn and understand how to
use the product.
It is easy to make the product do exactly
what you want.
The product enables me to achieve my
goals with effectiveness, efficiency and
satisfaction.
I think people with special needs and
accessibilities can easily use the
product.

Since the participants that were included in the UCD activities were the same as those
participants evaluating the Med-Reminder prototype with the UCD_ES, there is a
possibility that the results could be biased. However, due to the fact that the results of
both groups are compared between each other and that the bias is most probably the
same (positive or even negative) in both groups, we believe that the bias has been
mutually eliminated in the comparison and therefore is not degrading the relevance of the
field-trial results.
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7.5 Evaluation of the thesis hypothesis
The analysis of the limitations and disadvantages of the selected UCD methods in relation
to elderly people’s abilities and characteristics of e-health (as presented in Chapter 5),
and the field-trial results (as presented in Chapter 7) enabled us to evaluate the thesis
hypothesis (Chapter 7.4):
•

The hypothesis “Q1: Conventional UCD methods are not universal and cannot be
optimally deployed for UCD for e-health applications intended for elderly people”
was entirely proven.

Conventional UCD methods do not take into account elderly peoples’ limitations, abilities,
and characteristics, and do not consider the products’ domain, therefore, they are not
entirely appropriate for doing UCD activities with elderly people within the e-health field.
The hypothesis was also proven with the field-trial conducted during this research.
•

The hypothesis “Q2: The effectiveness of the UCD methods that are modified for
e-health applications intended for elderly people can be evaluated and compared
to the effectiveness of the conventional UCD approaches” was entirely proven.

In this thesis we have shown that the effectiveness of the modified UCD methods can be
evaluated and compared to the effectiveness of the conventional UCD methods using the
UCD_ES and heuristic observation, as introduced during this thesis.
•

The hypothesis “Q3: E-health applications where the modified UCD methods were
deployed have a better opportunity for high adoption and acceptance rate among
the target population of elderly people than other e-health applications” was
entirely proven.

The result of UCD_ES is a number representing a composite measurement of the overall
quality of the product and includes quality improvement metrics, such as: increased
productivity, accessibility, and usability and improved user experience for a wider range of
people. Thus, the overall UCD_ES score can predict the trend for adoption and
acceptance rates amongst the target users. The results from the field-trial have shown
that modified UCD methods (modified focus group and modified card sorting) obtained
higher UCD_ES scores than the standard UCD methods (standard focus group and
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standard card sorting). This proves that those Med-Reminder versions where the modified
UCD methods were used had better chances for higher adoption and acceptance rates
amongst the elderly people.
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8 GUIDELINES FOR DOING UCD RESEARCH FOR EHEALTH APPLICATIONS WITH ELDERLY PEOPLE
One of the goals of the thesis was to provide guidelines for doing UCD research for ehealth applications with elderly people. Some of the guidelines presented in this chapter
are more general and some of them are more explicit. Nevertheless, despite of the
explicitness of the guideline it is always important to consider the specific UCD method
and context in which a given recommendation will be applied.

1. Present elderly people how they can benefit and what opportunities they will obtain
through participation in a UCD research.
2. Recruit about 20% above the necessary number of participants.
3. Whenever possible contextualise UCD research i.e. organise and conduct UCD
sessions within participants’ environments.
4. Bring food and non-alcoholic drinks to socialise the experience.
5. Clearly explain the role of the user researcher or session moderator to the
participants.
6. Aspire to building trust with elderly people and their families or guardians.
7. Conduct UCD research with elderly people during the morning hours, before noon,
when they have less memory problems, perform tasks faster, and have a greater
attention span.
8. Present the benefits and opportunities that are brought by the research.
9. Present the scenarios of usage for the specific product at the beginnings of the
focus group sessions.
10. Guiding users through a sequence of tasks and questions during the session to
maintain the users’ attention and focus on the product, and regarding questions.

11. Use highlighting and lowlighting to maintain the users’ attention.
12. Clearly explain that failure to complete a task is part of the testing scenario, therefore
it is normal and expected.
13. Emphasise at the beginning of the session, the need for honest and critical
evaluation.
14. Use the active voice and every-day straight forward language when talking to the
participants.

15. Prepare a glossary with definitions of the terms that will be used during the UCD
activities.
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16. When creating user test guidelines and instructions employ the user’s event-based
prospective memory instead of time-based prospective memory.
17. Present new research procedures in relation to well-learned and already known
procedures from everyday life and previous experiences.
18. Increase perceptual (e.g. visual, auditory) signal strength and decrease the
intensity of noise (e.g. blinking objects or background music).
19. Compensate for negative age-related changes in one sensory modality (e.g.
hearing) by using context or other sensory modalities (e.g. vision).
20. Introduce game elements within the UCD research activities to motivate elderly
people into participating in the UCD process.
21. Keep the number of options that elderly people are available to choose from to
four or fewer.
22. Provide context for the speech.
23. Arrange increased illumination within the environmental setting, for example, by
using adjustable light sources.
24. Avoid condensed letters in user guidelines and questionnaires. Use font size, that
is at least 12 pt x-height and sans serif font types, such as: Arial, Helvetica or
Verdana.
25. Avoid using yellow, blue and green colours in close proximity. Use contrast of at
least 50:1.

26. Provide study participants about 50 % more time than the time provided for
younger adults.
27. Whenever possible involve two researchers in the UCD session – one to ask
questions and the other to observe users for unreported problems, and to take
notes.
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9 ENHANCEMENT PROPOSAL FOR ISO 9241-210:2010
ISO 9241-210:2010 was prepared by the Technical Committee ISO/TC 159 “Ergonomics”,
Subcommittee SC 4, Ergonomics of human-system interaction [47].Part 210 of the ISO
9241 provides a framework of human-centred design and presents an overview of the
user-centred activities.

Even though ISO 9241-210:2010 propagates considering user requirements within the
design and development of a product, it does not consider users’ requirements,
capabilities, and limitations within the UCD research activities. However, when referring to
user-centred whilst deploying the same UCD research process with the same, standard
UCD methods and techniques for all different types of users and products, is
contradictory. Therefore, we suggest that part 210 of the ISO 9241 should be improved in
such a way that it will propagate the consideration of user requirements, abilities, and
limitations in the UCD research activities. We also suggest that the ISO 9241-210:2010
should propagate that standard UCD methods are modified in relation to users’ abilities
and limitations, and product domain characteristics.

Additionally, the ISO 9241-210 should provide a standardised efficiency scale which can
be used to measure the efficiencies of individual UCD methods for doing UCD research
activities with target users. The standardised efficiency scale should measure the ISO
quality indicators and should be used to compare and determine which UCD method is
more efficient within a UCD process with target users for selected products within a
selected domain. An example of such an efficiency scale is the UCD_ES (Chapter 0)
suggested in this thesis.

Therefore, in addition to existing principles, the ISO 9241-210:2010 should suggest that
the following principles are followed:
•

UCD research activities should be user-oriented,

•

Standard UCD methods should be modified in relation to users’ abilities and
limitations and product domain characteristics,

•

The efficiency of the UCD methods should be evaluated using a standardised
efficiency scale, (for example UCD_ES).
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10 CONCLUSION AND FUTURE WORK
Modern e-health technologies offer the potential for helping elderly people to access
health information and to be actively involved in the management of their health care.
Moreover, e-health technologies can be used to provide and/or improve health care
delivery to elderly people, especially to those who live in rural areas and have logistical
problems, such as transportation. Usually, research activities during e-health projects are
focused on aspects, such as technical feasibility and medical treatment. However, to
entirely exploit the potential of e-health technologies, human factors, principles and elderly
people’s needs, abilities, limitations and experiences have to be taken into account.

Various guidelines exist for the support design and development of e-health systems for
elderly users. However, relying only on guidelines is not enough.

Insufficient user

involvement in the design and development of e-health systems and the lack of evidence
demonstrating the impact of e-health systems hinders users’ acceptances and adoptions
of such systems. In order to understand which e-health products elderly people value
most and how best to provide those products, designers need to involve the elderly
people throughout the entire design and development processes of the e-health product
i.e. in addition to expert-driven approaches, user-oriented approaches should be
employed. The approach that involves target users and where extensive attention is given
to the needs, requirements, and limitations of the users at each stage of the design and
development process, is known as user-centred design (UCD).

It is highly contradictory to refer to user-centred whilst deploying the same, standard UCD
methods and techniques for all different types of users and products. A successful UCD
process needs both the user and system/product, aspects. Therefore, in this thesis we
firstly analysed the characteristics of the research audience i.e. elderly people (as
presented in Chapter 4) and the domain of the products i.e. e-health (as presented in
Chapter 2). Afterwards, we analysed a set of UCD methods that are commonly used in
research, academia, and practice. From amongst all the methods in the set, we selected
five of the more commonly used methods that actively involve users in the product
development life-cycle: contextual inquiry, focus group, card sorting, user testing, and the
AttrakDiff questionnaire.
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Then, we analysed the limitations and disadvantages of the selected UCD methods in
relation to elderly people’s abilities and characteristics and the e-health field (as presented
in Chapter 5). By taking into account the target audiences’ characteristics and capabilities,
and target domain characteristics, we modified the five selected standard UCD methods
for the target audiences (i.e. elderly people), and the product domain (i.e. e-health).
We conducted a field-trial with target users, i.e. elderly people in order to explore how
modified UCD methods work in practice (presented in Chapter 6). The field-trial was
conducted at a nursing home for elderly people, situated in Maribor, Slovenia. During the
field-trial we used three standard UCD methods (standard focus group, standard card
sorting, and the standard AttrakDiff questionnaire), and three modified UCD methods
(modified focus group, modified card sorting, and the modified AttrakDiff questionnaire) in
order to create a prototype of a mobile multiscreen application, named Med-Reminder.
We used the user-centred design efficiencies scale (UCD_ES) and heuristic observation
in order to compare the efficiency of the standard and modified UCD methods and to
determine which UCD methods are more appropriate when doing research with elderly
people within the e-health domain. The UCD_ES is a three-point seven-item Likert scale
that measures the ISO quality indicators and can be used to compare and determine
which UCD method is more efficient in a UCD process for selected product within a
selected domain.
The field-trial’s results have revealed that all modified UCD methods (modified focus
group and modified card sorting) obtained higher UCD_ES scores than the standard UCD
methods (standard focus group and standard card sorting). Additionally, the heuristic
observation of the AttrakDiff questionnaire have shown that participants have less
problems and are more willing to participate in a user-evaluation study, where modified
questionnaire is used.
The analysis of the limitations and disadvantages of the selected UCD methods in relation
to elderly people’s abilities and characteristics regarding e-health (as presented in
Chapter 5), and the field-trial’s results (as presented in Chapter 7) enabled us to evaluate
the thesis hypothesis (Chapter 7.4):
•

The hypothesis “Q1: Conventional UCD methods are not universal and cannot be
optimally deployed for UCD for e-health applications intended for elderly people”,
was entirely proven.
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•

The hypothesis “Q2: The effectiveness of the UCD methods that are modified for
e-health applications intended for elderly people can be evaluated and compared
to the effectiveness of the conventional UCD approaches”, was entirely proven.

•

The hypothesis “Q3: E-health applications where the modified UCD methods were
deployed have a better opportunity for a higher adoption and acceptance rate
amongst the target population of elderly people than other e-health applications”,
was entirely proven.

The result of UCD_ES is a number representing a composite measurement of the overall
quality of the product and includes quality improvement metrics, such as: increased
productivity, accessibility, usability, and improved user experience for a wider range of
people. Thus, the overall UCD_ES score can predict the trend for the adoption and
acceptance rates amongst the target users. The results from the field trials have shown
that modified UCD methods (modified focus group and modified card sorting) obtained
higher UCD_ES scores than the standard UCD methods (standard focus group and
standard card sorting). This means that the Med-Reminder versions where the modified
UCD methods were used had better chances of higher adoption and acceptance rates
amongst the elderly people.

The thesis findings have enabled us to provide guidelines for doing UCD research for ehealth applications with elderly people (as presented in Chapter 8).

Some of the

guidelines can be used for doing UCD research with elderly people, regardless of the
domain, and some of them are applicable only within the e-health domain.

Furthermore, the findings have been used to create a proposal for improvement regarding
the ISO 9241-210:2010 (Ergonomics of human-system interaction -- Part 210: Humancentred design for interactive systems) standard with the focus on UCD for elderly people
(as presented in Chapter 9). This standard as it is now is very general and does not take
into consideration special types of users, such as elderly people, people with disabilities,
people with special needs or children.

The methodology for adapting standard UCD methods in order to make them more
appropriate for the elderly people and e-health applications, as presented during this
thesis, can also be applied for other target groups, such as children or people with
disabilities, and other domains, such as education or government.
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This thesis has opened up many new areas for future exploration. One of them is how to
evaluate the combined impact of individual modifications on the specific methods. In the
thesis we evaluated the impacts of all the modifications of the UCD methods. However, in
our future work we will investigate which modifications are more important and so deserve
special treatment, and which of the modifications are irrelevant and can be overlooked.
During this thesis we have also presented the UCD_ES, which was used to compare the
efficiency of the standard and modified UCD methods, and determine which UCD
methods are more appropriate when doing research with target people within target
domains. In our future work we will try to improve the UCD_ES by including additionally
important aspects of quality improvement. Moreover, we will improve the existing or add
new items that will better reflect the aspects of the quality improvement. Last but not least,
we will try to eliminate participants’ bias within the UCD_ES, in order to make the
UCD_ES usable for predicting users’ adoption and acceptance rates for specific products.
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Appendix A:

Some cards used in the card sorting method

Appendix B_1:

Winning certificate

Appendix B_2:

Certificate of Participation

Appendix C:

Adaptation of the AttrakDiff questionnaire

Prosimo označite opis, ki je po vašem mnenju najbolj primeren opis za
Med-Reminder. Prosimo, označite vašo izbiro v vsaki vrstici.
Človeški

Tehniški

Prijeten

Neprijeten

Enostaven

Zapleten

Strokovni

Nestrokovni

Grd

Privlačen

Praktični

Nepraktični

Predvidljiv

Nepredvidljiv

Me zbližuje z ljudmi

Me ločuje od ljudi

Dober

Slab

Zmeden

Jasen

Odbija

Privlači

Inovativni

Konservativni

Nezahteven

Izzivajoč

Motivira

Dolgočasi

Poseben

Običajen

Neobvladljiv

Obvladljiv

Appendix D:

Field-trial results

Focus group standard
Q1
Q2
Q3
Q4
Q5
Q6
Q7
SUM P

P1
1
2
1
1
0
2
2
9

P2
1
0
1
0
1
2
1
6

P3
0
1
1
0
1
1
1
5

P4
1
2
1
1
1
1
1
8

P5
0
1
1
0
0
1
1
4

P6
1
0
0
1
0
1
1
4

P7
1
1
1
1
1
1
1
7

P8
1
0
0
1
1
1
1
5

P9
0
2
1
0
1
1
2
7

P10
0
1
1
1
1
1
1
6

SUM Q

P1
2
2
1
1
1
2
2
11

P2
1
2
1
1
1
1
1
8

P3
1
1
2
1
1
2
1
9

P4
1
2
2
1
1
2
1
10

P5
1
2
2
2
1
2
2
12

P6
1
2
0
1
1
2
2
9

P7
1
0
1
1
0
1
1
5

P8
2
2
2
1
1
2
2
12

P9
1
2
2
1
1
2
1
10

P10
1
1
1
1
1
1
1
7

SUM Q
12
16
14
11
9
17
14

P1
1
2
1
1
1
1
1
8

P2
0
1
1
0
1
2
1
6

P3
1
2
1
1
1
1
1
8

P4
1
1
2
1
1
1
1
8

P5
1
2
0
0
1
1
2
7

P6
2
2
1
1
1
1
1
9

P7
1
2
2
1
0
0
1
7

P8
1
1
1
1
1
0
1
6

P9
1
2
1
0
0
2
2
8

P10
1
1
1
1
1
0
1
6

SUM Q
10
16
11
7
8
9
12

P1
1
2
2
1
1
2
2
11

P2
1
1
1
1
0
2
2
8

P3
1
2
2
1
1
2
1
10

P4
2
2
2
1
2
2
2
13

P5
1
1
1
1
0
1
2
7

P6
1
1
1
1
1
1
1
7

P7
1
2
2
1
2
2
2
12

P8
1
1
1
1
1
2
1
8

P9
2
0
2
1
1
2
1
9

P10
2
2
1
1
2
2
2
12

SUM Q
13
14
15
10
11
18
16

6
10
8
6
7
12
12

Focus group modified
Q1
Q2
Q3
Q4
Q5
Q6
Q7
SUM P

Card sorting standard
Q1
Q2
Q3
Q4
Q5
Q6
Q7
SUM P

Card sorting modified
Q1
Q2
Q3
Q4
Q5
Q6
Q7
SUM P

Appendix D:

Field-trial results

Focus group standard
Q1
Q2
Q3
Q4
Q5
Q6
Q7
SUM

Disagree
4
3
2
4
3
0
0
16

Dont't know
6
4
8
6
7
8
8
47

Agree
0
3
0
0
0
2
2
7

Disagree
0
1
1
0
1
0
0
3

Dont't know
8
2
4
9
9
3
6
41

Agree
2
7
5
1
0
7
4
26

Disagree
1
0
1
3
2
3
0
10

Dont't know
8
4
7
7
8
5
8
47

Agree
1
6
2
0
0
2
2
13

Disagree
0
1
0
0
2
0
0
3

Dont't know
7
4
5
10
5
2
4
37

Agree
3
5
5
0
3
8
6
30

Focus group modified
Q1
Q2
Q3
Q4
Q5
Q6
Q7
SUM
Card sorting standard
Q1
Q2
Q3
Q4
Q5
Q6
Q7
SUM
Card sorting modified
Q1
Q2
Q3
Q4
Q5
Q6
Q7
SUM
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