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Abstract
The document represents the evaluation plan of the PRECIOUS system and its specific
components. It includes comprehensive planning details for end-to-end system validation in
living lab and field environments. The unit testing aims at assessing the basic components of
the PRECIOUS system to monitor: physical activity, sleep, stress, food intake and
environmental factors. The report explains the usability experimentations of heart rate
sensors, environment sensors, weight sensor and PRECIOUS mobile apps whose results will
provide immediate feedback to developers of the PRECIOUS system. Field study plans
related to the self report monitoring for the final system are presented. The evaluation plan of
the motivational approach combined with gamification principles to increase behaviour change
towards healthy lifestyles is described. Finally, the food intake app tests plan develops the
method to assess users’ overall satisfaction and adherence to the PRECIOUS system
compared to the gold standard paper-based food diary method.
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List of acronyms
BCT

Behavior Change Techniques

CVD

Cardiovascular Diseases

²ECG

Electrocardiogram

FB

Firstbeat

HbA1c

Glycated Haemoglobin

HCCQ

The Health Care Climate Questionnaire

HCI

Human Computer Interaction

HMI

Human Machine Interface

HR

Heart Rate

ICT

Information and Communication Technologies

MI

Motivational Interview

PA

Physical Activity

PPG

Photoplethysmogram

PU

Pulse On

QoE

Quality of Experience

SCQ

Sport Climate Questionnaire

SU

Suunto

SUS

System Usability Scale

T2D

Type 2 Diabetes

TAM

Technology Acceptance Model

UCD

User Centered Design

VIM

Virtual Individual Model

WP

Work Package
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Executive summary
The objective of this deliverable is to plan the tests of the PRECIOUS system and system
elements in order to assess the final PRECIOUS system usability and efficiency. Test plan
(deliverable 5.1) and validation (deliverable 5.2) are carried out according to different end
users identified in the deliverable 2.1. (See section 2).
The unit testing aims at assessing the basic components of the PRECIOUS system to monitor:
physical activity, sleep, stress, food intake and environmental factors.
In section 3 (Task 5.1), we will describe the experimental plans we will carry out to test
separately several independent components using laboratories.
In a first study, we will investigate the usability of three types of heart rate (HR) sensors and
their respective linked apps. The objective is to set up an appropriate validation plan to provide
us with inputs to guide the system specifications about which HR devices we should use and
about how information should be presented to the user (dashboard, notifications, etc.) to
design a system as usable as possible.
In another study, the user-interactions with the PRECIOUS apps will be assessed in order to
provide immediate feedback to the design of the motivational framework and especially to the
development team.
A third study will investigate how the information from the environmental sensors
(thermometer, hygrometer, air quality sensor, sound sensor and light sensor) should be
collected, notified and presented to improve usability of home living quality monitoring . This
will be carried out in the living lab.
In a forth study, a last study about how weight monitoring system should be designed to be as
usable as possible will be described. This will aim at identifying how users want to access their
weight data (notifications, type of display, frequency, etc.).
In section 4, a field study to validate the self report monitoring for the final system is presented.
In section 5, the valuation plan of the motivational approach combined with gamification
principles to increase behaviour change towards healthy lifestyles is described.
In section 6, the food intake app tests plan is explained.
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1. Introduction
As the PRECIOUS System aims to help people to improve their lifestyle towards healthier
behaviour, it is expected to be easy to use in the daily life. To guarantee this, it is necessary
to carry out multiple tests to provide end-users with as much as possible PRECIOUS system
experiences (see Figure 1). Since the PRECIOUS system is composed of various components
such as heart rate sensors, environmental sensors and different apps, users have to test each
part separately to refine the first prototypes and improve the consistency of the future global
system. Then the motivation for healthy lifestyle aroused by the whole system will also be
assessed.

Figure 1: Usability study overview
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2. Target users description
As described in Deliverable 2.1 List of Usage Scenarios and User requirements, we study
different categories of target users. Although the PRECIOUS system is designed for the
general public; each user is different and needs specific feedback to be more efficient. By this
respect, the PRECIOUS consortium decided to focus more specifically on four identified
usages scenarios around those target groups:
- The students’ group is interesting because of their fluctuated lifestyle relative to events (e.g.
exams, social activities, holidays, etc.) and the barriers to sustain healthy habits related to
food and physical exercise emerging tendency towards obesity. Due to the involvement of
research and education institutions, good access to this target group can be expected. This
will positively affect the conduction of trials and the iterative transfer of results to our system.
- The young and single working professional category has been chosen because of their
stressful lifestyle related to work pressure. This can lead to health complications not always
foreseen. For WP5, their expected high tech affinity allows for a broader testing scope and
more immediate feedback loops.
- The family unit group particularly focused on parents. These latest are more concerned about
the health of their children and take little time to consider their own personal health (e.g. busy
day, poor sleep, lack of physical activity, daily stress, etc.).
- The retired couple group could show risk factors to develop Type 2 Diabetes (T2D) which
could be minimized with a more active lifestyle and better weight control. Furthermore, to use
new technologies to address such issues among this population is also a challenge due to
their advanced age that sometimes makes them less prone to use information and
communication technologies (ICT) solutions.
These categories result from a previous qualitative study (Deliverable 2.1) focusing on user
requirements and from a deeper consortium discussion.
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3. Laboratory based validation plan
3.1 Heart rate sensors valuation plan (Task 5.1: IMT)
3.1.1

Introduction

Heart rate (HR) is useful to assess health and physical activity (PA). However this index takes
great advantage when combined with data. More precisely, accelerometer data allows to
differentiate HR increases corresponding to the stress, and weight and size help to calculate
the amount of calories spent by the user (Freedson & Miller, 2000)
Since HR data is fundamental to produce a relevant interpretation about sleep, stress and PA
(Myllymäki et al., 2012), the PRECIOUS system setup needs to know which HR sensor is the
most "appropriate" depending on the category of end users.
An appropriate device is a device that the user would accept to wear. Thus, our first concern
is to assess the acceptability of the different types of devices. Technology Acceptance Model
(TAM) has been used extensively in research that looks at the acceptance of new technology
(Davis, 1989). The main idea of this model is that a device is acceptable depending on the
relation between the "perceived usefulness" and the "ease of use".
To complete acceptability and corroborate results, it is also interesting to evaluate the usability,
defined as "effectiveness, efficiency and satisfaction in a particular context of use". This
concept comes with a simple tool to measure it: the System Usability Scale (SUS) (Brooke,
1996).
In the following description we will explain how we expect to identify the main issues which
could determine HR devices acceptability and usability.
3.1.2

Types of heart rate sensors

There are three types of devices on the market at the moment: devices collecting
electrocardiogram (ECG) level information via electrodes, HR monitors with belts also
collecting ECG and optical HR sensors collecting photoplethysmogram (PPG) (See Figure 2).
Devices collecting ECG via electrodes (e.g. FirstBeat Bodyguard 2) are very accurate (Parak
& Korhonen, 2014) and capable of collecting very long measurements both regarding the
amount and accuracy of the data, and they have long battery life. The drawback is that they
are not waterproof and require the use of electrodes, and are probably not so convenient for
everyday use.
HR monitors (e.g. Suunto watches or Samsung software compatible with HR belt) use heart
belt to give information on mainly exercise as it is not too much fun to wear a belt for extended
periods and especially during sleep. The data quality is typically good (except during night
when the belt can easily slip from the right position), and the belt can be worn during swimming
also.
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Optical sensors (e.g. PulseOn) measure HR by illuminating the blood vessels on a person’s
wrist with an LED in order to track blood flow. The measurement accuracy declines when a
person is in motion, and it is generally less precise because blood flow does not provide a
distinct “peak” similar to electrical signal originating from the heart (Jang, Park, Hahn, & Park,
2014). Optical sensors are thus less accurate than chest belts or ECG-level devices such as
Bodyguard 2. However, precision could be acceptable (Parak & Korhonen, 2014). In addition,
the battery life can be a real problem. The optical devices however would be the most
comfortable for the user.
More information about HR reliability is available in the report of the study performed for the
Task 4.3. .

Figure 2: The HR devices

3.1.3

People categories

As PRECIOUS system aims at preventing T2D and cardiovascular diseases (CVD), we
perform the following study with both clinical and general population samples.
3.1.4

Super users

In order to go deeper into the comprehension of the users’ feelings and to allow some of the
participants to give advices and insights about how the future system should be, we expect to
recruit a sample of super users. We aim to have four super users which would take the time
to answer some interviews and, if possible, to participate to brainstorming sequences to set
up the design and the functionality of the future PRECIOUS system. One super user from
each category of people described below is expected.
3.1.5

Main hypothesis

Hypothesis 1: "User effect"
"The most acceptable (useful + easy to use) HR sensor is dependant of the people features".
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More precisely, we suggest that different features have a significant effect on device
acceptability as:
- The people category
- The health
- The amount of PA
- The type of PA
More explanations about the features that might have an effect on device acceptability will
allow us to advise future PRECIOUS users to use a certain device.
Hypothesis 2: "Task effect"
"The most acceptable HR sensor is not the same depending on the task we measure".
More precisely, we supposed that the appropriate device is not the same for:
- Sleeping
- Practising PA
- Measuring stress at work
The details about which sensor is the most acceptable for which activity could allow us to help
future PRECIOUS users to choose the sensors depending on the task they want to monitor.
Hypothesis 3: "Device effect on reliability"
"Electrodes (Firstbeat: FB) data are perceived as more reliable than chest belt (SUUNTO: SU)
and watch (PULSE ON: PU) data, and chest belt (SU) data is perceived as more reliable than
watch (PU) data”.
This hypothesis will be answered with the following question from the questionnaire:
Generally speaking, data from the [concerned sensor] seems RELIABLE
The data I gathered with the [concerned sensor] seems RELIABLE to manage my PHYSICAL
ACTIVITY / STRESS AT WORK / SLEEPING
Hypothesis 4: "Device effect on ease of use"
"Watch (PU) device is perceived as easier to use than chest belt (SU) and electrode (FB)
devices, and chest belt (SU) data is perceived as easier to use than electrodes (FB) device”.
This hypothesis will be answered with the following question from the questionnaire:
The [concerned sensor] is easy to install
Most of the time I forgot that I am wearing the [concerned sensor]
Does the [concerned sensor] add obligations in the daily life? *
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Do you use the [concerned sensor] in PHYSICAL ACTIVITY / STRESS AT WORK /
SLEEPING? *
Does the [concerned sensor] embarrass you PHYSICAL ACTIVITY / STRESS AT WORK /
SLEEPING? *
Is the [concerned sensor] INCOMPATIBLE with some of your daily tasks? *
Hypothesis 5: "Acceptability effect on intention to use"
“Users plan to use more the most acceptable device (e.g. the best compromise between
usefulness (reliability + utility) and ease of use)”.
This hypothesis will be answered with the following question from the questionnaire:
Do you think you would use the [concerned device] for PHYSICAL ACTIVITY / STRESS AT
WORK / SLEEPING?
How often?
Hypothesis 6: "Motivation to engage in PA”
“Users with more motivation to practise PA prefer a particular device”.
This hypothesis will be answered by comparing the results to the question intentions to use
for each device and the level of motivation to use.
Hypothesis 7: "Autonomy to practice physical activity"
“The HR device supports autonomy to practice PA regularly”.
This hypothesis will be answered by responding questions combining the Sport Climate
Questionnaire (SCQ) and The Health Care Climate Questionnaire (HCCQ).
3.1.6

Participants

We expect to recruit at least 32 participants to test different HR sensors. The repartition is
described in the Table 1.
Recruitment will be done in the surroundings of the French people involved in the project and
with the collaboration of a doctor in Brest (France).
Student

Single worker

Family unit

Retired couple

T2D/CVD ♂

2

2

2

2

T2D/CVD ♀

2

2

2

2

Healthy ♂

2

2

2

2

Healthy ♀

2

2

2

2

Table 1: Participants’features repartition
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3.1.7

Equipment details
Firstbeat
(electrodes)

Suunto (chest belt)

Pulse on (watch)

Watch

X

X

Chest belt

X

Electrodes

X

Battery life
(recording HR)

5 days

5 days

10 hours

Waterproof to
shower

No

Yes

Yes

Waterproof to swim

No

Yes

No

Maintenance

Change electrodes
everyday

Need a windows pc
or Mac

yes

Yes

no

Need a smartphone
or tablet

No

No

yes

Export data to
Firstbeat server

Export data to
Suunto server

Export data to
Pulseon server

No

Yes

Yes

Privacy

Show real time HR

Table 2: Equipment details

3.1.8

Situation

The participants will receive an instruction on how to use each sensor and linked application.
They will test them during 4 days and 3 nights and then, they will answer a questionnaire.
Instructions
During the instruction phase, the participant will learn how to:
- Properly position the device
- Record a 10 leg flexions exercise + 1 minute rest sequence
- Ipload the data to the app
- consult their data within the app
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At the end of this instruction phase, the participant must be able to position sensor, record
data, upload the data and consult it autonomously.
Test
Then, participants will use the device coupled to an ordinary smartphone or PC for 4 days in
their daily lives. They can consult the data as often as they wish.
End of the test
At the end of the test, we will meet again the participants and we will ask them to fill the
questionnaire in annexe 1.
Each participant will perform this test for each sensor (See Figure 3). Session sequences will
be counterbalanced to avoid order effect.

Figure 3: Planning for HR test for each user.

3.1.9

Data collection description

During this experiment we particularly focus on the acceptability of the device. More precisely,
we gather users’ feelings and not device performances. Thus, the data we need come from
the questionnaire answers and we won't collect any physiological data.
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3.1.10 Future analysis
More than verifying and discussing the hypothesis below, the questionnaire data analysis
should allow to state about some user preferences about possible constraints, convenience,
notification frequencies, privacy doubts and devices’ designs.
Thanks to questions about the different applications, we extract from the results the relevant
features to consult data coming from the HR sensors:
- The time the user accept to take
- The way to present information
- The number of times per day the user would like to consult data
- If the user wants to receive notification
- When he would like to receive it in the day
- Which data the user want to share
- If the user is afraid about the respect of his privacy.
3.1.11 Expected results
From this experimentation, it is mainly expected to find significant statistical differences
between devices and the interactions between different types of devices and user categories.
Moreover, the in-depth study should reveal other usage aspects like notification frequencies,
privacy rules and so on.
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3.2 Apps user interaction-centric tests (Task 5.1: UNIVIE)
Central to the PRECIOUS system is the purposeful moderation of the user interaction. Due to
the interdisciplinary character of the project, the moderation of the user interaction is a
particular difficult software development process. For this reason, this workstream will support
the activities of WP3 (motivational framework) and WP4 (architecture and technical solution)
by conducting user studies to provide feedback and central inputs for optimisations.
The subsequent subsections will present the dedicated workstream and its two main
contribution blocks (or two kinds of empirical studies). Both contribution blocks focus on the
integrative aspects of computer science and agile software development in order to master
the complexity of creating user-centric experiences in a very interdisciplinary and
heterogeneous environment. The workstream is supported by the University of Vienna
COSY:lab facilities in Vienna.
3.2.1

Approach

The currently applied explorative software development, integrating domain knowledge from
various research disciplines, is transitioned to a user-centric approach in the next phase of the
development. This approach will be supported by a systematic modelling and experimental
testing within WP5. This activity focuses on computer science and user-centric researchbased techniques to abstract on the domain-specific perspectives and explorative elements
in order to systematically redefine the user interaction.
Originating from a target group a series of user stories are defined. Every user story serves
as input for questioning and redefining the explorative system. In collaboration with and as a
result of on-the-fly feedback by the psychology experts on the PRECIOUS team, design
iterations incorporating further user input are planned.
To this end, the following contribution blocks arise from the current workstream:
· Phase II a: 2-3 participatory design workshops are proposed. They use techniques from
agile software development and usability engineering and serve the purpose of
(1) Exploring the prototype concept from a user perspective (especially aspects of
integration of the different feature-sets of the PRECIOUS ecosystem (physical activity,
dieting, gamification) and of pursuing self-determined goals with the PRECIOUS appecosystem),
(2) Obtaining user feedback on the current prototype design,
(3) Reflecting on scenarios of usage,
(4) Providing systematic user stories for further exploration (input is taken from the
user requirements in D2.1, Table 5)
· Phase II b: A larger laboratory experiment (“main experiment”) focusing on aspects that
cannot be sufficiently answered during design workshops. The main experiment will be
conducted in the COSY: lab at the University of Vienna (see details below)
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Results of this activity can serve to inform design decisions towards further developing the
prototype (complete the iteration) and do subsequent user-testing.
Alignment to Development Process

Figure 4: Integration of user interaction-centric tests in the (agile) prototype development

The integration of the presented workstream on user interaction-centric tests in the (agile)
prototype development is summarized in Figure 1. The stage I prototype has illustrated a first
solution approach, which feeds the user-centered optimization loop triggered by this
workstream. The stage II prototype will serve as basis for conducting the final field validation.
The software development itself will be continued to be done in WP4. Another interface will
exist to the development and advancement of the motivational framework in WP3. The user
requirements from WP2 (D2.1, Table 5) provide an essential input for understanding most
relevant user stories (see details below).
3.2.2

Target group & Sample size

Relatively young tech-savvy test subjects are considered a key target group for testability
reasons. This is primarily due to the easier access to this relevant user group and willingness
to be included in such kind of tests. The target group will mostly consist of students. This refers
to the students group in section 2.
The sample size will be tailored to the needs of the app development team – the smaller the
sample size, the more dynamic will be the feedback loop. The main experiment will have a
participation of around 20 subjects.
Design workshops will be conducted in meeting or seminar rooms with less than 10
participants and a moderator from the University of Vienna team.
3.2.3

User stories

The concept of user stories arises from the agile software development context. PRECIOUS
intends to benefit from such techniques in order to iteratively work on user-centric solutions
for the given context.
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Informal user stories are systematized to form more formal and clearly structured user stories.
The informal user stories are formed in reference to the the experiences in D2.1, WP3 and
with the experimental prototyping. In particular, the prioritized user requirements from D2.1
(see Table 5) will provide essential input. User stories will abstract upon those requirements
and transfer them to a computer science and development language.
A formalized user role is defined as follows (formal structure):
“As a (role) I want (something) so that (benefit).” – Agile
Modelling (2015)

Prospective exemplary user stories
ID

REQ ID

DESCRIPTION

US01

UR1

Student* wants to get structured information on their own
health risk factors (based on their diet, exercising
patterns, etc.).

US02

UR1

Student* wants to get interpretation or assistance for own
health risks.

..

..

..

* Student refers to the PRECIOUS app user that is also a member of the defined students target
group
** REQ ID from D2.1, Table 5

3.2.4

Main experiment & Methodology

Based on selected user stories where purely qualitative feedback during design workshops
has not provided sufficient feedback to the development team, a more quantitatively-driven
laboratory experiment will be conducted. The preparation of this laboratory study entails the
implementation of a series of tracking tools and deserves careful preparation of the test
scenario, processes and test routines in accordance with known empirical test standards1, e.g.
known from Quality of Experience (QoE) – see ITU-T P.10/G.100 (1998).
Those selected user stories will be primarily tested with the prototype or the specific module
(app) in question. Only if the prototype is not yet available or cannot be manipulated sufficiently

1

QoE represents a telecommunications-centric empirical field that aims at understanding the quality
perceptions of subjects. QoE provides many test recommendations and standards for many
interactive, non-interactive, media-rich and other services. QoE is now increasingly targeting Internetconnected services in general. Especially relevant are the standards provided by the ITU,
http://www.itu.int/en/Pages/default.aspx.
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in order to obtain required user interaction data. For efficiency reasons, a focus is set on the
iOS implementation and the apps developed by the University of Vienna, e.g., the iOS
sandbox functionality, ConquerTheCity, the iOS onboarding process, the user journey & goal
setting module, outcome goal setting & choosing activities module or the action planning
module.
Depending on the selected user story, the following information could be tracked:
·

Task completion time and rate, e.g. success rate
o Required tooling:
§ Logger for the prototype, automatic timing of task and activities
§ Automatic, semi-automatic or manual assessment of success rate (e.g.
based on verification questions or opened user interface)
§ Feedback system
o Research questions:
§ Which tasks are easy to solve for test subjects?
§ Which elements are hard to find?
§ Is the interface inconclusive? (e.g. do users stop search at stop point)
§ Did subjects perception of success match the data? (is there a misleading
element that leads to discrepancies?)

·

Heatmaps and interaction paths are assessed (attention focus is identified)
o Required tooling:
§

Heat Maps for iOS: Commercial tools are expensive, own
implementations need testing. Information visualisation needs to follow
the need of the user stories

§ Interaction: The interaction behaviour of subjects is clearly logged in
order to create interaction paths, e.g., user clicked several navigation
items before finding the correct menu item.
o Research questions:
§ Where do subjects bear away from the direct path to task completion?
§ What are the causes for such behaviours? Are subjects attracted by other
interesting information towards completing the task?
§ How many navigation attempts were necessary?
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·

Questionnaires & Ratings2 known from the Quality of Experience (QoE) and other
Human Computer Interaction (HCI) domains:
o Subject may have to answers content-related questions (depending on the task
in order to understand whether a solution has been only found by chance)
o Subject can rate the user interaction for completing the task (e.g., quality of app,
efficiency of interaction, liking of the interaction approach, effectivity rating, etc.)
o Acceptance of the offered solution for the task (would subjects use the app in
similar situations?)
o Is there a user interface element that annoyed them?
o Is there a critical incident (positive and/or negative) when completing the task?
(Critical Incident Technique as used and illustrated in Salo et al. (2013))
Trial Duration: The trial will follow the test routines known from QoE testing. Hence, a test
will unlikely exceed 2 hours and will be single subject test per time slot and laboratory room.
Breaks are offered whenever necessary.
Trial Process: The operator of the experiment follows a strict protocol. The influence of the
operator (and other effects) on the trial result is reduced to a limited interaction policy. Light,
sound and other context effects are controlled whenever possible in order to limit test variables
and to improve the clarity on results obtained from medium-size laboratory experiments.

2

Where applicable the questionnaire design will follow the guidelines and scales known from
Quality of Experience (QoE) testing and otherwise from other Human Computer Interaction
(HCI) domains.
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3.3 Environmental monitoring valuation plan (Task 5.1: IMT)
3.3.1

Introduction

Living Lab
A living lab is a laboratory where innovations can be proposed and demonstrated to users in
a controlled environment.
The living lab Experiment’Haal (Human Ambient Assisting Living) will be used in PRECIOUS
to realize end-users tests.
The living lab (see Figure 5) is composed by three different rooms:
1- One room is a reconstitution of a flat including a kitchen, a bathroom and a living room.
2- A second room is dedicated to technical equipments such as servers. This space also allow
researchers to ensure controllability and facilitate observational procedures.
3- A third room is dedicated to health professionals to test telehealth services.

Figure 5: Living Lab Experiment’HaaL

The three rooms are connected in a space of 70 m2 with two one-way mirrors to observe users
and health professionals during the tests.
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The room 1 which represents an apartment will be used for the PRECIOUS end-users tests.
The apartment is equipped by several sensors and actuators as described in the Deliverable
4.1 System architecture and design specification. All the PRECIOUS components related to
the user home space will be deployed in the living lab.
Experiment'Haal will offer an ecosystem to the PRECIOUS project in order to test individual
component such as environmental sensors, body weight scale and the overall system. The
user-centric experimentation in Experiment’Haal is part of the overall agile method to assess
individual components as shown in Figure 6.

Figure 6: Design workflow

Environmental sensors
We suppose that environmental sensors are deployed in the living lab. In the home user space
they are all connected with xAAL which plays the role of a transparent sensors/actuators layer
(See deliverable 4.1). This transparent layer aims to solve interoperability issues in the home
automation domain for users and for high level services like PRECIOUS.
In deliverable 3.1, areas of interest have been described to produce the so-called Virtual
Individual Model (VIM). The environmental factors are the subject of the test described here.
For a first proof of concept, the following sensors have been deployed and will be used for
the tests (See Figure 7):
●
●
●
●

Noise level
Light quality
Thermal comfort (Temperature / humidity)
Air quality3 (dust / air quality sensor)

3

Not considered by PRECIOUS directly (see section 3.2.10 in D3.1) but tested because it is also
another critical factor for health.
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Figure 7: Environmental sensors first deployment for testing

3.3.2

Main hypothesis

Hypothesis 1
“Users are concerned that environmental factors play a role on their health: thermal comfort
(humidity & temperature), noise level, light quality, air quality”.
More precisely, we want to verify that users are “aware” about the potential effect of
environmental factor on health.
Hypothesis 2
“Users want to consult information related to the quality of their home environment”.
We would like to verify if users are interested by detailed, summarized or detailed &
summarized informations. We suggest here that users would prefer to consult only
instantaneous data; or they would prefer to consult data graphically over a relatively longer
period to have the opportunity to analyze their own data.
Hypothesis 3
“Users want to receive feedback”.
We would like to verify if a notification system regarding the quality of the home environment
is something important for the user. Contrary to a system where users only consult a
dashboard.
This hypothesis will also have questions in case user answer yes to verify:
-

Open paragraph to gather ideas related to interesting feedback,
Users want to receive feedback on a specific interface or device (e.g., TV, smartphone,
etc.).
Users want to have notification related to rules established thanks to normative
recommendation (e.g., notification when temperature is over the recommended
threshold).
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-

Users want to have control (stop or not the notification system) and/or define the rules
related to the feedback delivered by the system.

Hypothesis 4
“Users are interested by connected devices”.
We want to verify the user interest for connected devices vs. classic data measurement. For
example, classic thermometers vs. connected thermometers.
Hypothesis 5
“Users want to have transparent connected sensors in their environment”.
We would like to verify if users are concerned by the connected aspects of the solution (e.g.,
transparent sensors, store related data to be consulted later, etc.).
Hypothesis 6
“Users want to have information about environmental data in a specific room”.
We suggest here that users would prefer to measure environmental data in some rooms or
everywhere (e.g. living room, bathroom, etc.).
Hypothesis 7
“Users think that the system could help them to change their daily habits”.
We would like to verify if users are interested by the system to improve the quality of their
home environment and reduce PRECIOUS risk factors.
Hypothesis 8
“Users want to keep data private”.
We would like to verify if users are concerned by data privacy, if user would like to manage
the status of their own data: confidential, shareable, on internet, other.
Hypothesis, questionnaires and user requirements relations
In the deliverbale 2.1, 16 user requirements have been identified and prioritized.In Table 3,
we propose to link hypothesis, user requirements and specific questions. Questions and
related number are available below (See Table 3)
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Hypothesis

User requirements

Questions

H1

UR1

1,2

H2

UR2, UR3

11,12,13,14,15,16

H3

UR1, UR7, UR9, UR10, UR11

17,18,19,20,21,22,25,26,
27,28

H4

-

3,4

H5

-

5,6,7,8,30,31,32,33

H6

-

9,10

H7

-

30,31,34,35

H8

UR2

32,33

Table 3: Home environment factors, Hypothesis vs User Requirements

3.3.3

Equipment details

The living lab will be configured with xAAL as shown in the deliverable 4.1 in section 11.1.2
and with the sensors described in the deliverable 12.2.4. The Table 4 describes the user
devices which will be used directly by the user. Indeed, all of these devices are in fact user
interface to the home automation system and/or the PRECIOUS services.
User devices

Hardware

Software

Tv

Samsung UE40EH6030W,
HD TV 1080p, 40”,
1920x1080

Samsung

Media Hub

Archos 50 Hellium 4G,
5”,Quad core 1.5Ghz, 1Gb
RAM

Android,
XBMC MINIX Edition

Tablet

Nexus 7

Android

Smartphone

Archos 50 Hellium 4G,
5”,Quad core 1.5Ghz, 1Gb
RAM

Android

Smartphone

Nexus

Android

Table 4: The user devices.

The Table 5 describes devices not directly used by users. More precisely, devices are related
to a home automation installation.
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Home devices

Hardware

Software

Home automation gateway

Olimex development board
OLINUXINO-MICRO,
Allwinner A20 dual-core

xAAL

Classic home automation
devices

See deliverable 4.1 section
12.2.4, table 13

See deliverable 4.1 section
12.2.4, table 13

Ambient sensors box

Raspberry Pi + Grove pi
sensors: light, sound,
temperature, humidity, dust
and air quality(see
deliverable 4.1, section
12.2.4)

Raspbian os, xAAL,
GrovePi library

Table 5: List of software & hardware involve in ambient sensor experimentation

3.3.4

Situation

User presentation
The participants will receive instructions about the living lab in order to present the whole
PRECIOUS system. Sensors, dashboard and notifications will be presented together:
●
●
●

Sensors: environmental sensors.
Dashboard: a web UI presenting the raw data as graphics or gauge.
Notifications: one or two example of notifications will be presented to users in order to
show the potential use of the data collected in the home user space: message txt on
TV or smartphone displaying alert according to air quality, etc.
Consequently, users will interact with {sensors-HMI-notification} during the test. The
experimentation supposed that all the system is well installed and working. In other words, it
means that we do not want to evaluate the system configuration or installation.
User scenario (storyline)
The following scenarios of the “daily life” will be presented:
1. After work, you come back home and when you arrived, you check your dashboard
showing data related to your home environment which summarize information
regarding sound level, light quality, air quality, etc.
2. You are in the living room and you receive a notification according to a
recommendation/alert related to ambient sensors.
In the first scenario, the user is acting in the system and will try to understand its related data.
In the second scenario, the user will be in a passive position and the system will deliver
notifications related to the home environment and predefined recommendations/alerts.
User tests schedule
The Figure 8 presents the different steps during the user tests.
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Figure 8: the different steps during the user tests

The Table 6 describes an example of schedule for one user test. Durations for each steps
are given only as an indication and could change according to the situation.
Duration

Activity

10 min

Welcoming, Introduction

5 min

Scenarios description

5 min

Stand alone user usage: scenario 1

5 min

Stand alone user usage: scenario 2

-

Questionnaire/Interview
Table 6: Home environment factor user tests schedule.

Questionnaires
The questionnaires are built with “LimeSurvey”. They are attached in annexes:
Temperature is in Annexe 2.
Humidity is in Annexe 3
Air Quality is in annexe 4
Light is in Annexe 5
Noise is in Annexe 6.
Data collection description
During this experiment we will only collect feedback from user. Consequently, testing will
include subjective analysis. Data collected will be only realized thanks to questionnaire and
face to face discussion.
3.3.5

Future analysis

The questionnaire data analysis should allow to give information about some user
preferences: constraints, notification frequencies, privacy doubts and devices’ designs.
Thanks to questions about sensors, we will extract from the results the relevant features (c.f.
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hypothesis): the way to present information, if the user wants to receive notification, when he
would like to receive it in the day, etc.
3.3.6

Expected results

From this experimentation, it is mainly expected to collect detailed information about usage
aspects like notification, HMI representation of data gathered. But also, the usability aspects
through the transparent layer providing by the system. The information gathered will be used
to improve the next prototype.
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3.4 Weight monitoring
3.4.1

Introduction

A body weight scale connected with xAAL will be used in the living lab environment as
described above (see section 3.3.1).
3.4.2

Main hypothesis

Hypothesis 1
“Users are concerned that the weight play a role on their health”.
More precisely, we want to verify that users are “aware” about the potential effect of obesity
on their health.
Hypothesis 2
“Users want to keep data about their weight”.
We would like to verify if users are interested to keep an eye on the history of their data
recordings (Years/Months/Days). Indeed, data visualization with charts might be a good way
to analyze the weight progression.
Hypothesis 3
“Users want to see their weight on the balance”.
We would like to verify if users want to see their weight directly on the body weight scale or
only on dashboard or both.
Hypothesis 4
“Users want to receive feedback”.
We would like to verify if a notification system about the quality of the home environment is
something important for the user. Contrary to a system where users only consult a dashboard.
This hypothesis will also have question in case user answer yes in order to verify:
-

Open paragraph to gather ideas related to interesting feedback,
Users want to receive feedback on a specific interface or device (e.g. TV, smartphone,
etc.),
Users want to have notification related to rules established thanks to body weight
objectives,
Users want to have control (stop or not the notification system) and/or define the rules
related to the feedbacks delivered by the system.

Hypothesis 5
“Users are interested by connected devices”.
We want to verify the user interest for connected devices vs. classic data measurement.
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Hypothesis 6
“Users think that the system could help them to change their daily habits”.
We would like to verify if users are interested by the system to improve the quality of their
home environment and reduce risk factors.
Hypothesis 7
“Users want to have a transparent connected body weight scale”.
We would like to verify if users are concerned by the connected aspects of the solution:
integrated to home automation network, store related data to be consulted later, etc.
Hypothesis 8
“Users want to keep data private”.
We would like to verify if users are concerned by data privacy, if user would like to manage
the status of their own data: confidential, shareable, on internet, other.
Hypothesis, questionnaires and user requirements relations
In the deliverable 2.1, 16 user requirements have been identified and prioritized. In the Table
7, we propose to link hypothesis, user requirements and specific questions.
Hypothesis

User requirements

Questions

H1

UR1

1,2

H2

-

9,10,11,12,13,14,15,16

H3

UR3

13,14

H4

UR7, UR9, UR10, UR11,
UR12

17,18,19,20,21,22

H5

-

3,4

H6

-

32,33

H7

-

5,6,7,8

H8

UR2

30,31

Table 7: Weight monitoring, Hypothesis vs User Requirements

3.4.3

Equipment details

Equipment as described in section 3.3.3 will be also used. In addition, the components
shown in Table 8 are mandatory.
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Home devices

Hardware

Software

Weight scale

Oregon scientific, Body fat
monitor with wireless remote
display, model: GR101

Home automation gateway:
xaal-rfxcom

Olimex development board
OLINUXINO-MICRO,
Allwinner A20 dual-core

xAAL, xaal-rfxcom gateway,
xaalweightScalOregonscientific
device.

Table 8: List of software & hardware involve in weight monitoring experimentation

3.4.4

Situation

User scenario
The following scenarios of the “daily life” will be presented: After a shower you want to check
your current weight.
1. During the day, you want to see on a chart your weight data with different views
month/week/day. It will give you the opportunity to see your progression. It will also
give you the opportunity to compare your weight with normative values
2. The morning you will receive a notification on your smartphone reminding your
objective and your progression.
For privacy reasons, users will keep their clothes when testing the body weight scale.
User tests schedule
The Figure 9 describes the steps of the experimentation.

Figure 9: the steps of the experimentation

The Table 9 describes an example of schedule for one user test. Durations for each steps
are given only as an indication and could change according to the situation.
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Duration

Activity

10 min

Welcoming, Introduction

5 min

Scenarios description

5 min

Stand alone user usage: scenario 1

5 min

Stand alone user usage: scenario 2

5 min

Stand alone user usage: scenario 3

-

Questionnaire/Interview
Table 9: Body weight scale monitoring user tests schedule

Questionnaire
Connected bathroom questionnaire is in annexe 487.
3.4.5

Data collection description

During this experiment we will only collect feedback from user. Consequently, testing will
include subjective analysis. Data collected will be only realized thanks to questionnaire and
face to face discussion. In other words, we will not gathered body weight scale data during the
test.
3.4.6

Future analysis

The questionnaire data analysis should allow to give information about some user
preferences: notification, privacy doubts and devices’ designs of a body weight scale. Thanks
to questions, we will extract from the results the relevant features (c.f. hypothesis): the way
to present the weight, if the user wants to receive notification, when he would like to receive
it, etc.
3.4.7

Expected results

From this experimentation, it is mainly expected to collect detailed information about usage
aspects like notification, body weight scale with screen or not and HMI representation of data
gathered (e.g. graphical representation, gauge, etc.).
4. The effects of motivational and self-regulation components on physical activity
and diet (Task 5.2: UH)
The aim of this task is to establish the feasibility of the PRECIOUS app and to examine the
effects of various components of PRECIOUS on PA with an N-of-1 study design. The field
study is following randomized N-of-1 study design (Sniehotta et al. 2012) where the outcome
measure is PA. In this study design each subject have 3 day long blocks and the “content” of
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these blocks are randomized to each person so that at beginning of each period they will
inform which aspects or “treatments” of PRECIOUS they can use. During 6 week period (14x3
days) it is examined if PA increase when certain aspect of PRECIOUS system is used
compared to periods that they are not used. Main outcome measure will be PA for N-of-1 study
design. For the feasibility purposes we will use usage data and qualitative data of user
experiences. More specifically, the study will identify which service features/behaviour change
techniques (BCTs) were most used and appreciated by individual users; investigate whether
the use of motivational components leads to greater use of action components, and whether
increased use of motivational and action components lead to increases in PA.
We will recruit at least 12 volunteer subjects into study who have interest to change diet or
increase PA but who have not contraindications to PA. We are asking not to use other similar
PA trackers of apps at the beginning of the study. If they want to start other apps, perhaps
more specific apps later we just ask to report them. After they have consent to study there will
be first face to face meeting. In this meeting used devices are presented and we will measure
their height and weight and asked to fill baseline questionnaire information. After that we set
starting date with subjects. At the baseline participants will complete questionnaires assessing
constructs related to self-determination theory and the health action process approach for both
PA and healthy eating behaviours. After the consent and questionnaire there will be first 3day heart rate variability measurement (FirstBeat Ltd; Helsinki, Finland) to assess activity
level, stress response and sleep patterns according to wristband, mobile phone
accelerometer. After first period they will remove and return FirstBeat device but keep using
other devices. In the second period they will use only mobile app and wristband and add goals
for daily steps and total PA. In the N-of-1 study design it is important that there is reliable
outcome measure that do not have significant carry over effects from one period to other. In
the second period, participants start to use motivational aspects of PRECIOUS system
described in detail in Deliverable 3.2.
The service seeks to increase user engagement by offering e.g. ‘Conquer the city’ activity
challenge, and a storyline that transports the user from one challenge to the next with a visual
‘Journey’. Motivational interviewing (MI) is built in with techniques such as user value
clarification, change talk-based suggestions, information about health consequences, and
discrepancy between current behaviour and goal, the whole service supporting freedom of
choice. The motivational components of the app aim to increase user engagement with its
action components, such as behavioural goal setting, action planning, and self-monitoring of
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behaviour. The novelty of this approach is the seamless integration of real-time sensor data
with evidence based behavioural theories and interactive gamification.
After third period, subjects are randomly using or not using some of these motivational aspect
of PRECIOUS system. The aim of N-of-1 study design is to examine does participant have
more PA during the periods when certain aspect of system is used compared to periods that
they are not using it. System allows participants to leave different audio comments and
feedback through mobile phone. There will be final meeting with research staff after the study
period. Subjects will receive FirstBeat wellbeing analyses from the baseline and last
measurement period after the study. Subject will have access to all other PA and sleep
information from PRECIOUS app during the 6 week period. Qualitative analyses conducted
with a narrative storyline approach will shed light on the mechanisms behind the actions after
the study period.
The outcomes of the intervention will be the identification of components crucial to increasing
engagement and activity, identification of new possibilities for intervention tailoring based on
integrated sensor data, and ways that the PRECIOUS service can be improved.
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Study
section

I

II

III

IV-XII

XIII

XIV

Time

3 day

3 days

3 days

x 3 days

3 days

3 days

Mobile
phone

x

x

x

x

x

x

Wrist band

x

x

x

x

x

x

FirstBeat
device

ON

Motivational
selfregulation
PA

learning to
use
functions

Motivation
al tools

Goal
setting

Testing
motivation
al tools
randomly

All
sections
for use

All
sections
for use

Food
tracking &
gaming

learning to
use
functions

free
selection
for user

x

x

x

x

*

ON

Table 10 Study design of T5.2 Field study to test self-regulation and motivational aspects of
PRECIOUS

*Final meeting with participants including feedback, review of PA data, comments of
PRECIOUS and feedback of FirstBeat wellbeing analyses
Statement from the University of Helsinki Ethical Review Board in the Humanities and Social
and Behavioural Sciences will be applied November 2015. Field study will be done after short
pilot study periods during March and May 2016. Data will be analysed after that summer 2016
and first draft of research paper autumn 2016. Qualitative data of PRECIOUS will be analysed
separately, especially diet related aspects where we do not have ubiquitous intake measure.
5. Motivational system for behaviour change valuation plan (Task 5.3: VHIR)
5.1 Objective of the trial:
To assess users’ overall satisfaction with, acceptance and adherence to the PRECIOUS
system, and to validate its functions in promotion of behaviour change.
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5.2 Study design:
Thirty patients with a T2D diagnosis will be randomized to three conditions:
1. Treatment as usual (control group)
2. PRECIOUS system: short onsite training session on how to use the system
3. PRECIOUS system + MI counselling: face to face counselling session followed by a
short onsite training session on how to use the system
The study duration will be 3 months, followed by two scheduled follow-up appointments.
5.3 Primary outcome measures:
●
●
●

Patients’ subjective assessment of usability
Satisfaction and user’s acceptance
Effectiveness (difference between the control group and the intervention groups
regarding engagement and adherence to targeted healthy habits) of the PRECIOUS
system

5.4 Secondary outcome measures:
●
●
●
●
●
●
●

Health-related quality of life
Self-management of T2D
Change in glycated haemoglobin (HbA1c) level
PA
Nutritional habits
Other healthy habits (e.g. tobacco use, alcohol, sleep hours)
Psychosocial factors (e.g. social participation, social support, etc.)

5.5 Recruitment:
Patients will be recruited from specialist outpatient consultation at Vall d’Hebron Research
Institute. All patients must be under the care of specialists who adhere to national guidelines
for diabetes care.
5.6 Ethical issues:
The field test is approved by the Hospital Universitari Vall d’Hebron Clinical Research Ethics
Committee. Informed consent will be obtained from each participant in the study.
5.7 Inclusion and exclusion criteria:
5.7.1

Inclusion criteria:

●

Male or female

●

Age ≥18 years

●

Diagnosed with T2D ≥3 months before the study inclusion

●

Have an HbA1c level >7.0%
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●
●

Patients must be cognitively able to participate, understand, and be able to complete
questionnaires in Spanish language
Be able to use the PRECIOUS system provided to the intervention groups

5.7.2
●

Exclusion criteria:

Any mental or physical conditions that interfere with the protocol

5.8 Summary:
Patients with T2D will be recruited for this trial. Although PRECIOUS targets preventive
behaviour in populations with risk factors, rather than diseases, it is accepted that in the period
of time available for the trial (3 months) it may not be possible to detect significant behavioural
changes in such a population. Patients are likely to have increased motivation for change, and
may have more extreme risk behaviours on entry into the trial, for instance, unbalanced diet,
lack of PA, abuse of medication, smoking, excessive alcohol consumption, etc.
The objectives of this trial are to assess user satisfaction with, acceptance and adherence to
the PRECIOUS system, both of which can be achieved using patients with T2D. Furthermore,
this intervention applies a secondary prevention strategy. Whilst not the focus of this project,
PRECIOUS could be applied in a secondary prevention setting in the future, and therefore
data collected in this respect is of use.
The first step in this field test will consist of an evaluation of the status quo of the patients, and
his/her readiness to change for each risk factor identified.
Some examples of desired outcomes will be:
● To improve health-related quality of life
● To increase PA
● To enhance diabetes self-management
● To achieve a balanced diet
● To improve metabolic control
● To foster patients’ satisfaction with PRECIOUS syste
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6.

Food intake monitoring field test (Task 5.4: Campden)

6.1 Objective of the trial:
To assess users’ overall satisfaction and adherence to the PRECIOUS system and the validity
of the data recording of the PRECIOUS Food Intake application compared to the gold standard
paper-based food diary method.
6.2 Study design:
Subjects will record food intake data using the PRECIOUS tool and the paper-based method
in a crossover study 3 day recording period likely. The order of assignment to each recording
method will be randomized to eliminate any fatigue effects associated with recording of diet.
Additionally at least one week will separate recording periods. Subjects will be asked to record
diet on the same days of the week to include one weekend day for both conditions.
6.3 Primary outcome measures:
●
●
●

Patients’ subjective assessment of usability
Satisfaction and user’s acceptance
Effectiveness of the PRECIOUS system

6.4 Recruitment:
Participants will be pre-recruited from Campden BRI’s panel database using Compusense athand software.
An invite screener will be sent to all consumers on the Campden BRI panel database. This
form is used to screen respondents for their appropriateness to participate in the study. It is
self-completed and submitted to the project team to review prior to formal invite.
As a result of completing the online invite screener, a group of suitable potential respondents
will have been identified and verified against the inclusion and exclusion criteria. Potential
respondents will be sent an Invite to Participate.
6.5 Ethical issues:
The field test will go through approval, via the Health Research Authority of the UK using
a local Research Ethics Committee. Informed consent will be obtained from each
participant in the study.
6.6 Inclusion and exclusion criteria:
6.6.1

Inclusion criteria;

●

Male or female

●

≥18 years to ≤75 years

●
●

An interest in using a mobile health tool to monitor their weight and PA.
Ownership of an Android phone, iPhone or tablet/Ipad.
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●

Willing to download, accept the terms and conditions of use and use a mobile health
tool to monitor food intake

6.6.2
●

Exclusion criteria:

Individuals who are aware of any reason why they should not change their weight or
level of PA due to a health reason.

6.7 Summary:
Objective of the trial will be to assess users’ overall satisfaction and adherence to the
PRECIOUS system and the validity of the data recording of the PRECIOUS Food Intake
application compared to the gold standard paper-based food diary method. Participants
will be pre-recruited from Campden BRI’s panel database using Compusense at-hand
software.
Subjects will record food intake data using the PRECIOUS tool and the paper-based
method in a crossover study 3 day recording period likely. The order of assignment to
each recording method will be randomized to eliminate any fatigue effects associated with
recording of diet. Additionally at least one week will separate recording periods. Subjects
will be asked to record diet on the same days of the week to include one weekend day
for both conditions.
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7. Conclusion
The main goal of this report was to describe the valuation plan each partner will apply to
assess the accessibility of the different components involved in the PRECIOUS system.
The users' characteristics will respect the conclusion of the Deliverable 2.1.
In this document, we can see that the recruitment process will be different in function of
the studies, while laboratory based study will recruit users in the surroundings and from
medical collaborations, the motivational system study will ask for participation patients
from the specialist outpatient consultation from a general hospital. In a different way, the
food intake monitoring study already has at their disposal a database of potential
participants. In addition, some super users will also be more deeply involved in the
experimentation thanks to interviews that will allow to us to improve the final PRECIOUS
system design. This organization will provide preference for a co-conception process.
Since the different field tests are scheduled for the beginning of 2016, final results will
appear in next deliverables. By this respect, if necessary more details and precisions
about the experimental situations will be added in the deliverable reporting the complete
experimentations and their results (5.2).
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1. HR questionnaire
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2. Temperature sensor questionnaire
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3. Humidity sensor questionnaire

Page 44 of 48

D5.1

4. Air quality sensor questionnaire
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5. Light sensor questionnaire
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6. Noise sensor questionnaire
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7. Bathroom scale questionnaire
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