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Abstract. This paper analyzes the methodology and preliminary results of the
usability evaluation of large scale technology services for the prevention and
management of chronic conditions of elderly people. REMOTE, a three years
European project in the Ambient Assisted Living domain, aims to define and
establish a multidisciplinary and integrated approach to research and
development of advanced technology services for addressing real needs of
elderly people. The target population included citizens at risk due to geographic
and social isolation in combination with specific chronic conditions and the
coexistence of lifestyle risk factors, such as obesity, blood pressure, poor
eating/drinking habits, stress and others. Technology services provided by the
project include wearables and sensors for detecting body temperature, heart
rate, human posture, as well as sensors and actuators to be installed in premises
for providing context information, such as air temperature, human location and
motion. The article presents the usability evaluation plan that was developed
for the purposes of the project, as well as some preliminary results from the
usability evaluation.
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1 Introduction

The elderly population is rising throughout Europe and it has been estimated that
between 2010 and 2030 the number of people aged from 65 to 80 will rise by nearly
40%, posing enormous challenges to Europe's society and economy [1]. Policies
which address the ageing of the population and the work force focus on enabling
older workers to remain active and productive for a longer proportion of their life
span [2]. Advanced information and communication technologies (ICT) have
the capacity to assist in this issue [3]. For example, using telemonitoring for disease
management of heart conditions reduces mortality rates by an estimated 20%. It has
also been demonstrated that telemedicine influences the attitudes and behaviour of
patients, resulting in better clinical outcomes. In addition, ICTs can assist elderly
people, especially individuals with chronic conditions and/or at risk of exclusion, in
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increasing their self-management capacity [4]. ICTs are particularly useful in
establishing a feeling of security and command for aged people in the European
countryside [5], strengthening people confidence in leading an independent life at
home and delaying, or even fully avoiding, institutionalisation.

The REMOTE project, recognising that isolation of the elderly- both geographical
and social- is often a common multiplying risk factor, developed and tested ICT
applications and services for health care and management [6]. A user-centred design
approach was adopted from planning to execution of the project, with continuous
involvement of users to ensure that all relevant facets of subjective quality were
successfully delivered, ranging from ethical aspects to accessibility, usability, safety,
security, and “customer relationship”. The REMOTE technological platform includes

Table 1. The REMOTE platform applications

Application Explanation

Brain skills trainer Activities and games for memory support and memory assessment.

Allows the user to keep track of daily tasks, schedule appointments,
Calendar and provides reminders. Medication list and schedule is also viewed in
this application.

Environmental control Allows for remote control of the environment such as lighting and heating.

Connects with the BioHarness belt sensor to monitor vital signs and
Guardian Angel detect falls. It provides alerts based on the thresholds for each user as
they have been set in the Healthcare advisor application.

.. ) Provides the user with personalized nutritional content such as menus,
Nutritional Advisor " . . . . .
nutritional tips, shopping assistance and cooking assistance.

Provides an activity plan which the user should follow, joint with
Activity Advisor advice and tips. The professional has access to questionnaires to
understand user needs and design the appropriate activity plan.

Emergency Visualise and manage the automatically driven and patient driven
Management health emergency calls and alerts.

. The physician sets the user’s medication schedule. Establish thresholds
Healthcare Advisor . .. .
for vital sign monitoring and review alerts based on these thresholds.

Administrative tool to register new patients, assign services, connect
Medical Contact Center them to health professionals and store personal data ensuring privacy
and confidentiality.
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mobile, desktop and web applications for remote monitoring of vital signs, and
activity status, emergency alerts, organization of activities calendar, environmental
control sensors and others'. The REMOTE platform offers integration of services to
encompass all range of users including physicians, patients and carers. Table 1
presents the applications of REMOTE which were evaluated for usability.

In order to ensure the user-centred approach, the REMOTE project has developed
and executed an extensive usability evaluation plan to address usability issues
throughout application and system lifecycles. This paper describes the design and
implementation of the usability evaluation plan and explains the advantages and
disadvantages of this plan for large scale usability evaluations of ICTs. Some
preliminary analysis of the evaluation results is also presented.

The evaluation plan was applied to all applications and systems in all pilot sites of
the REMOTE project. The usability evaluation methodology aimed at examining
what elderly patients, nurses, doctors as well as healthcare professionals and informal
carers expected from the proposed technology, as well as assessing the developed
applications against the four main usability principles, as outlined by Booth [7],
usefulness, ease of use, learnability/memorability, and likeability or satisfaction.

2 Usability Evaluation Plan

This section describes in detail the evaluation plan that was formed for the usability
testing of the applications that were developed for the REMOTE project. The
evaluation plan was based on existing expert and user-based evaluation techniques
and used a combination of recognized qualitative and quantitative usability analysis
tools to report the findings. This plan was followed by a total of 9 pilot sites in 6
countries, Germany, Israel, Greece, Spain, Romania, Italy, and Norway, and involved
the testing of 9 main applications implemented for mobile and desktop use.

Evaluating large scale systems that involve a variety of applications with integrated
services that can be accessed through a unified platform is not an easy endeavour. The
evaluation plan needs to follow a solid methodology that can be carried out easily by all
parties involved, as well as to produce findings that can be presented in a consistent and
homogeneous manner. There are many recognized usability methods available to choose
from and many usability metric tools respectively. Jakob Nielsen recommends using
more than one method of evaluation, if possible, because one method may uncover issues
that the other one missed [8]. Based on this premise, an evaluation plan was designed
for the REMOTE project which consisted of a combination of expert-based, user-based,
and home-based evaluation tools. Also, the evaluation plan included qualitative analysis
components such as user personal comments and expert observations, as well as
quantitative analysis components such as metric usability questionnaires (System User
Satisfaction (SUS) questionnaire and user success rate) [9, 10]. The qualitative and
quantitative components of the evaluation plan are explained in more detail further down
the paper. The evaluation plan consisted of three phases: 1) Expert-based evaluation

! http://www.remote-project.eu/
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phase, 2) User-based evaluation phase in a controlled environment, and 3) User-based
evaluation phase at home.

Phase 1 Expert Based Evaluation: The main purpose of the first phase of the
REMOTE evaluation plan was to identify and correct any major design flaws
and problems before they reached production and real user testing. Expert-based
evaluation is generally used to identify usability problems based on established
human factors principles [11]. The experts conducting this type of evaluation can be
human-computer interaction specialists, usability, and accessibility specialists, or
even interface designers with experience in user-centric design principles. There are a
few inspection techniques available [8], but the two that were used in the evaluation
of the REMOTE applications were expert walkthroughs and heuristics analysis [11,
12]. During the expert walkthroughs, two to five evaluators performed a series of
application specific user tasks on working or non-working prototypes, just like a real
user would, and identified the areas that could potentially cause confusion or errors to
the real users. At the same time, the experts were also asked to rate the application
against Jacob Nielsen’s Heuristics list of usability principles and guidelines [11]. At
the end of the expert evaluation, each evaluator produced a report on the observations
he or she made during the inspection and completed a Heuristic analysis
questionnaire. These reports were then aggregated in a single report that included the
results from all the inspections and was given to the development and design team of
the evaluated application. Upon completion of the expert evaluation, the developers
incorporated the most important comments into the applications/systems and released
the working version of the software in order to proceed for testing with real users.

Phase 2 User Based Evaluation: Once the improved working versions of the
applications were released from the developers, the actual user-based evaluation phase
began. During this phase, real life usage scenarios and tasks were written for each
application and actual users were invited to participate in the evaluations. The tasks had
to be clear, precise, and relatively short to accomplish and the chosen evaluation
participants had to fit the profile of real life users of the applications/systems as close as
possible.

At the beginning of each evaluation session, the participant was introduced to the
purpose and the process of the evaluation and was given a brief explanation of how
the application worked by the evaluator. The participant was given a User Test
Consent Form to sign that stated his or her agreement to participate. The fact that the
evaluation was testing the performance of the application and not the performance of
the user was also emphasized at that point. A series of representative user tasks was
then given to the user to complete sequentially. The participant was requested to
openly express his or her thoughts, observations, feelings, and comments to the
evaluator during each task. This is known as the Think Aloud method [13], which
enables the evaluator to capture the thinking process of the user. The evaluators were
instructed to provide assistance only when absolutely needed and keep notes on what
was happening and what was being said during each task.

The following three usability measurement tools were used during Phase 2 of the
evaluation: 1) System Satisfaction Scale Questionnaire (SUS), 2) User Success Rate,
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and 3) User Test Analysis. The first two tools were used for the quantitative analysis
and the third tool was used for the qualitative analysis of the results.

The System Satisfaction Scale Questionnaire (SUS) [9] is a measurement tool that
calculates the total system satisfaction. This questionnaire is a 5 point Likert scale based
questionnaire that had to be completed by each test participant right after the test when
everything was still fresh in the memory. The User Success Rate is a measurement tool
that calculates the overall effectiveness of the system [10]. The evaluator marked in a
form if the user completed each task with success (requiring no assistance from the
evaluator), with partial success (requiring some assistance), or with failure (giving up on
task). The User Test Analysis form was used to gather all the important comments and
observations made by each test participant during the test.

It is important to note that the measurement tools are only indicative of the overall
usability of the system. There are many factors that affect the scores such as user
expertise, the complexity of the user tasks that were given to the participants to
complete, the performance of the system and the network where the application was
tested, etc. Therefore these scores are meant to be general indicators on how the
applications performed.

Phase 3 — Home-Based Evaluation: During the third phase of the evaluation plan,
the home-based evaluation, selected users were given a specific REMOTE
application/system to use at home for a few days on their own. These users were
given a demo of how the application/system worked beforehand. Each user was
instructed to complete the home-based evaluation questionnaire at the end of the
evaluation period.

3 Usability Evaluation Actions

Each pilot site explored the applications as part of an integrated scenario of daily
living and decided upon the user tasks to test for each application. As a result, the
applications were tested from different aspects focusing on the most important
functions of the application/system. Table 2 provides an example of user tasks for the
Guardian Angel application in three different pilot sites. User tasks were used to
establish the user success rates. The evaluator introduced each task to the user, and
were given to perform these tasks, the evaluator was noting the success, partial
success or failure of the user to complete these tasks, in order to calculate the User
Success Rate metric.

Participants were also asked to fill out the system user satisfaction questionnaire
(SUS) marking each question with 1 to 5, where 1=strongly disagree and 5= strongly
agree. The SUS score reflects the overall system usability as perceived by the
particular user. Sample questions included I would use this system frequently, The
system is unnecessarily complex, I needed to learn a lot of things before using it.

In addition to these tools, data about the users’ profile were maintained taking into
consideration, gender, age, health status, education and familiarity with technology.
The average primary user profile was a person of 55-77 years of age, with chronic
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Table 2. User tasks for Guardian Angel

Pilot Sites

User Tasks

GREECE
Pilot A

GREECE
Pilot B

SPAIN
Pilot A

T1: Once you login to the Guardian Angel application, follow the
instructions displayed on the screen. Now press the “Start” button that’s
located on the belt and then the “Enter” button that is on the screen of the
mobile phone.

T2: Wait for the connectivity between the belt and the phone to establish
and then read the vital signs measurements taken.

T3: When you are done reading the various measurements, exit the
application from the phone and take off the belt.

T1: You have been asked to enter the Guardian Angel application from the
main menu. Navigate to the menu and check your breathing rate.

T2: You have been asked to enter the Guardian Angel application from the
main menu. Navigate to the menu and check your heart rate.

T3: You have been asked to enter the Guardian Angel application from the
main menu. Navigate to the menu and check your activity level.

T4: You have been asked to enter the Guardian Angel application from the
main menu. Navigate to the menu and check your posture.

T1: Log in to REMOTE on mobile, choose health monitoring option and
then Guardian Option

T2: Place belt around chest, turn the system on; perform tasks for 10
minutes (sitting, sitting and reading; walking)

T3: Turn off the recording on the mobile and turn off Guadian Angel;
remove belt from chest

T4: Using Health Advisor, check the data recorded

diseases and a slight familiarity with technologies such as personal computers and

smart phones.

When dealing with the evaluation of large-scale systems with many sub-
components and applications, as much emphasis must be given on how to aggregate
and report the results of the evaluations, as on selecting the appropriate usability tools
and methods to use. One of the main challenges in applying a common
methodological evaluation approach to multiple sites is the accuracy and consistency
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of reporting the results. To overcome this challenge in REMOTE, special templates
were developed to report the results in an aggregate format and were sent to each pilot
site along with clear instructions on how to use them. These templates helped towards
a uniform reporting of results that allowed a common analysis despite the fact that
each pilot site tested different applications. So, at the end of the evaluations, each
pilot site was responsible for sending the appropriate filled-out templates and reports
with the results, to one central person who then processed them to produce the final
results per application accordingly.

The evaluation plan that was used for REMOTE’s purposes proved to be efficient
and effective in drawing a comprehensive picture of the usability of the entire
platform. Its success was not only based on the fact that it incorporated expert-based
and user-based evaluation techniques in addition to home-based user trials, but it was
also based on the fact that it provided the pilot sites with the necessary reporting tools
to aggregate and send-in their results in a homogeneous format saving a great amount
of time and effort in their further analysis.

3.1  Analysis and Preliminary Results

The analysis of all user responses across pilot sites per application based on the SUS
scores and the User Success Rates scores indicates that the mobile applications
received higher SUS scores and user success rates than the desktop ones, as it can be
seen in Figure 1 and 2. However, it was concluded that this difference does not mean
that one platform was more usable than the other because there are many factors that
could have contributed to this difference. For example, the desktop applications
offered richer functionality than their mobile counterparts and therefore the tasks used
during the evaluation of the desktop applications were more complex in nature than
the ones used in the evaluation of the mobile ones. It is very possible that the higher
complexity of tasks used in the desktop applications could have caused the lower user
success rates and SUS scores. Regardless of this differentiation, it is safe to conclude
that both platforms performed above average in the scores, which means that the users
perceived them to be easy to use, easy to learn, and useful.
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Fig. 1. Total SUS Scores Mobile vs Desktop Applications
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Fig. 2. Total User Success Rates Mobile vs Desktop

Looking at the user comments as they have been captured during the Thinking
Aloud process, specific usability issues were identified. Overall, the users were
satisfied with the concept of the interoperability of REMOTE’s applications.
However, difficulties were observed with using some of the application mainly due to
the users’ lack of experience and familiarity with the technologies involved. The
touch screen functionality of the Smart Phones in combination with the small screen
of these phones caused challenges in the users with chronic conditions such as
Parkinson’s, while the use of the keyboard and the mouse in the desktop application
was also challenging for a lot of users, who had never used PCs before. Despite these
barriers, the users were able to use the applications and complete the majority of the
tasks given to them during the evaluations.

The home-based trials were carried out in 4 pilot sites and involved a total of 20
users who were given the Zephyr bio harness and the Nokia Smartphone to use along
with the Guardian Angel and the health monitoring applications. The results
aggregated from these trials further reinforced the conclusion that the users found the
REMOTE platform a useful and usable tool for elderly people that can help in
the monitoring of their health on an everyday basis. The platform received high marks
for its ability to communicate the users’ vital signs measurements directly to their
assigned physicians through the mobile phone. The users appreciated the concept and
thought that such health-monitoring tools can be very valuable for elderly people to
have in their homes.

4 Discussion

Information and communication technologies have the potential to change health care
as well as life style for people with chronic conditions [14]. These changes are
occurring concurrently and need to be considered for appropriate design of sensor-
enhanced health information systems. Basic functionalities of technology services
include emergency detection and alarm, disease management, health status feedback
and advice [14] as well as social and psychological support. These functionalities are
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combined differently based on individual conditions as well as individual needs of
chronic patients and their informal carers.

A unified usability methodology over pilot sites distributed across Europe is an
essential tool for identifying application/system design and functionality issues that
go beyond cultural or user profile differences. However, it is important to offer
individual evaluation moderators instructions and training not only for conducting the
evaluations, but also for reporting of the results. A unified methodological approach
can only express its fullest potential if data capture and data reporting is also unified.
This aspect can be a great challenge for large implementation projects involving
different partners from different countries.

Despite the differentiation of data reporting across sites, the data that was reported
offers a valuable basis for improving the design and implementation of the REMOTE
applications. Preliminary analysis of the results has shown that elderly users are open
to using mobile and desktop applications that may improve their daily life and support
their activities. Participants in general welcomed the technology services offered, and
thought it would improve their quality of life, resulting in fewer complications. These
findings are in accordance with those of other studies about technology management
of chronic conditions [15, 16]. The introduction of new technologies for supporting
independent living would need to involve appropriate education and adjustment
periods to ensure the motivational and psychological support of users. These practices
are fundamental in enhancing use of technology services.

5 Conclusions

This paper has presented the methodology and preliminary results of large scale
usability evaluation conducted in pilot sites in different European countries.

Participants followed an extensive usability methodology involving heuristic
analysis, user-based evaluations, and home trials. It made use of a variety of
qualitative and quantitative tools in order to examine the overall usability of the
system. In addition, the methodology paid extra attention in the gathering of the
results and provided the pilot sites involved with clear instructions and templates to
use for reporting purposes. Preliminary results indicate that this is a suitable
evaluation plan for large-scale systems and provide the necessary structure to gather
data for applications/systems implemented in different settings. However, the
interpretation of the results should be handled with care as there are several factors at
play which cannot be measured such as cultural issues, background knowledge, etc.

Further work is needed to investigate whether implementation of changes to
application and systems based on user comments will improve the opinion of users
and their user success rates and user satisfaction scores.
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