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Abstract 
This document represents the efforts that were put into the evaluation of several aspects and               
components of the PRECIOUS platform. Its main objectives are to describe the evaluation             
procedures, methodologies and results as well as the conclusions that can be drawn from              
these studies for future PRECIOUS-related implementation efforts. In detail, it gives insight            
into evaluations of users in terms of user-experience and behaviour change capability with             
regards to physical activity and food-intake, sensing and home-environment integration          
possibilities, as well as 3rd party developer point of views on the PRECIOUS system.  
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Executive Summary 

The PRECIOUS platform was evaluated from three different viewpoints: user-related studies           
with regards to usability, efficiency and acceptance, sensing and home-environment related           
studies in terms of how the integration of these factors could contribute to             
health-improvements of users, and developer studies assessing the possibility to include 3rd            
party developers into a potential ecosystem. User-related studies found evidence for           
improved health-related behaviour in terms of food-intake and physical activity after using            
the PRECIOUS app, while the main criticism was related to usability aspects. Furthermore,             
we found that further integration of professional sensors into the PRECIOUS list of sensors              
rather than e.g. smartwatches and a possibility to manage a range of home-controlled             
sensors would be the next logical step according to PRECIOUS’ users. Last, we found that               
providing easy-to-use tools for rapid prototyping and a data-abstraction and interpretation           
layer were among the most desired features from developers’ viewpoints in order to make              
PRECIOUS attractive to this target group. Summing up, even though the PRECIOUS team             
found a large number of improvement and extension possibilities, both users and developers             
have found PRECIOUS to be a useful and behaviour-changing platform.  
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1. Introduction 

This report gives an overview of the variety of studies that were performed during the course                
of the PRECIOUS project in order to evaluate different aspects of the PRECIOUS platform.              
Overall, data has been collected qualitatively and quantitatively, the feedback, responses,           
comments and improvement suggestions were analysed from more than 200 individuals in 8             
different studies conducted by different project partners. Given the multi-faceted nature of            
PRECIOUS platform, the consortium has tried to evaluate not only different affected            
stakeholder groups, but also different usage environments, platform instruments and          
behavioural components. In general, studies were performed to test three different areas:  

1. the PRECIOUS app as the central delivery vehicle for behavioural interventions 

2. devices, sensors and home-environment as the natural extension for the PRECIOUS           
app in terms of convenience for the user 

3. the middleware layer (Virtual Individual Model) as a tool for central data aggregation,             
interpretation and algorithmic conditioning 

The PRECIOUS app was evaluated at different development stages; first we[h1] conducted             
user experience tests to identify issues that could impact usability of the app in trials using                
qualitative interviews. Then we continued with usability, acceptance, satisfaction and          
effectiveness trials to evaluate the overall functionality of the app among a sample of users.               
In addition to carrying out this trial in both controlled lab environments and field trials, we                
tested two specific aspects of the app: food-intake related modules and physical activity             
related modules. Both modules were tested for usability and acceptance as well as their              
capabilities for potential behaviour change. During these trials, we used usage-data that is             
continuously pushed by the PRECIOUS app in order to additionally evaluate the usage             
patterns of users within the app, i.e. the number of times the app was actually opened, how                 
many times the users logged in or out, etc. Additionally home-sensor acceptance studies             
were completed as well as heart-rate monitoring acceptance studies, trying to identify an             
optimal home-automation and sensing environment that could be integrated into future           
endeavours regarding PRECIOUS. The last dimension of trials was focused on the            
PRECIOUS system as a platform, i.e., its capability to provide a middleware layer for              
health-professionals, developers and other stakeholders in order to enable efficient          
interactions and subapps for users. For this, two design workshops and an eHealth             
hackathon were held where 3rd party developers were asked to write apps within the              
PRECIOUS environment. For all conducted trials, well-studied questionnaires from the          
health-domain were used, to enable comparison with other scientific studies. This           
evaluation process, starting from early user-experience tests to developer trials, as well as             
the results and implications for PRECIOUS system, are described in more detail in the              
following Chapters. 
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2. Behavioural User Studies 

2.1 Behaviour Change Techniques Background 

Behaviour change techniques (BCTs) are the fundamental building blocks of behaviour           
change interventions (Abraham & Michie, 2008), and they are best applied to changing             
behaviour when their selection is informed by theory. If one understands how behavioural             
determinants (e.g. cognitions, emotions, and social and environmental factors) relate to a            
particular behaviour, then one can develop a theory-based intervention by specifically           
selecting the BCTs that are most likely to impact upon these theoretical determinants and              
subsequently change behaviour.  

Within the PRECIOUS Project, we selected BCTs derived from self-determination theory           
(SDT; Ryan & Deci, 2000), motivational interviewing (MI; Miller & Rollnick, 2012), social             
cognitive theory (Bandura, 2001) and self-regulation theory (Maes & Karoly, 2005), as each             
of these have evidence for effectiveness within dietary and physical activity behavioural            
interventions. Greater detail on the rationale for selecting these theories has been provided             
in earlier deliverables (e.g. D3.4). In terms of intervention content, the PRECIOUS app as it               
now stands contains the BCTs listed in Table 1, and touches on several important BCT               
domains. The main theoretical determinants targeted by these BCTs are autonomous           
motivation, self-efficacy, social norms, intention formation, goal setting, action planning and           
feedback. 

Table 1. Description of BCT content within the PRECIOUS System. 

BCT #* BCT name PRECIOUS components 

1.1 Behavioural goal setting Mountain Climber, Diet Challenges 

1.3 Outcome goal setting What do I want? 

1.4 Action planning Mountain Climber 

1.5 Review of behavioural goals Mountain Climber, Diet Challenges 

1.6 Identify discrepancy between 
current behaviour and goal 

Mountain Climber, Diet Challenges 

1.7 Review outcome goals What do I want? 

2.2 Feedback on behaviour Mountain Climber, Mifit band, Food diary, Diet 
Challenges 

2.3 Self-monitoring of behaviour Mountain Climber, Mifit band, Food diary, Diet 
Challenges 

2.6 Biofeedback Firstbeat Report 
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3.1 Motivational Interviewing 
(social support) 

What do I want?, Importance Ruler, 
Confidence Ruler, What’s next?, My favourites 

5.1 Information about health 
consequences 

Importance Ruler 

5.3 Information about social & 
environmental consequences 

Importance Ruler 

5.6 Information about emotional 
consequences 

Importance Ruler 

7.1 Prompts/cues Notifications 

10.2 Material reward for behaviour Journey view 

12.5 Adding objects to the 
environment 

Firstbeat Device, Mifit band 

15.1 Persuasion about capability Notifications  

15.2 Mental rehearsal of successful 
performance 

Time Machine 

15.3 Focus on past success Time Machine 

Note. * = BCT number from the v1 Taxonomy of BCTs (Michie et al, 2013) 

 

2.2 Testing User Experiences and Identifying System Improvements  

During the summer of 2016, the University of Helsinki team worked very closely with the               
Aalto University team to conduct usability tests of the initial prototypes of the PRECIOUS              
app, in order to identify any usability issues or improvements that could be made prior to the                 
start of the University of Helsinki field trials.  

2.2.1 Objectives 

The user experience tests aimed to identify issues with usability and conceptualization of the              
various components of the PRECIOUS application, and to develop ways in which these             
issues could be refined and concepts reconceived in order to improve usability of the system               
before testing in the n-of-1 field trials.  

2.2.2 Methods 

A convenience sample (N=12) of adults with no previous knowledge of the PRECIOUS             
application was obtained through word of mouth. Interviews of 60-90 minutes were            
conducted with a think-aloud method. Participants were encouraged to speak aloud their            
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thoughts while exploring the app freely. Subsequently, semi-structured interviews about the           
usability of the service were conducted. A subsample of these participants wore the Firstbeat              
bodyguard for 3 days, after which think-aloud interviews were conducted about the            
PRECIOUS Lifestyle Assessment tool, developed by the Aalto university, which allows users            
to upload their heart rate variability data and receive feedback on their own computer              
immediately after the Firstbeat measurement period.  

2.2.3 Results & Outcomes 

The think-aloud interviews with the PRECIOUS app revealed that users valued the            
autonomy supportive features included in the app. Specifically, users cited the following            
as positive features of the service: 

● The app does not immediately guide individuals toward weight loss, by for example             
asking for a weight goal, but instead allows them to choose why they might want to                
make a self-selected change. 

● The app allows users to set a personal daily step goal, instead of guiding to a                
system-defined step goal. 

○ Several participants indicated that this would make feedback on behaviour          
much more interesting and personal than simple comparisons to a 10000 step            
goal like that used in many other apps. 

○ The ability to adjust the goal to the day ahead was also valued, with one user                
mentioning that she would always set easy goals that she would certainly            
achieve.  

○ Users assumed that they would go and check their progress more frequently            
if they had set a personal goal than if it were set by the system instead. 

 
The preferred tool of all participants were the tracking tool Mountain climber. Users also              
mentioned the “What do I want?” sub-application as positive in that it uses value clarification               
and outcome goal setting (that the goal isn’t automatically weight loss). 

Least liked app by one participant was the “What’s next app” because it only asked               
questions and didn’t offer much in terms of feedback or guidance.  

The interviews and walkthroughs also identified some usability issues that could be            
improved from the first prototype: 

● Certain users had difficulties understanding the percentage achieved of daily goal, as            
they didn’t see clear connection between the step goal and the manually entered             
physical activities that helped them achieve the goal. 

● Some participants found the logging tool (clock) complicated to use or were not             
motivated to log the exact time of the activity. They would have preferred only logging               
the duration. 
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○ The clock feature was chosen initially in order to allow for the combination of              
physical activity data from multiple sources (i.e. Mifit band, phone          
accelerometer, and manual entered activities) without double counting. 

○ It was suggested that the default could be a few hours instead of presenting              
the whole 12h clock - it is very unlikely a user would move for so many hours 

● The “Mountains” were understood to represent the amount of activity. The           
significance of the activity goal dot was not immediately clear.  

● Users wished to have instructions of how to open and use the spiral view. 
● One participant hoped that there would be a way to personalise the app, add a photo                

and get messages: “this is where you were left last time”, but did appreciate that the                
app used her name. 

● Appearance of the app received positive feedback although a few participants found            
it childish looking. Mountain climber was found looking “fun”, “nice”, “clear”, “silly”. 

● The diet logging tool initiated interest as users could compare the calories consumed             
with different activities and intensities.  

● Users hoped for more explicit indicators of when they needed to swipe forward to              
access additional content. The screens didn’t offer info how and when to proceed. 

● Social networking integration was suggested by some users as a possibility, by for             
example having the possibility to share logged activities with friends or invite friends             
to use the service. 

● More feedback on activity was wished for by some users. 
● Some of the motivational elements were found repetitive, as they followed generally            

the same format and functionality. 
● One participant would have liked more content in the sub-apps, as opposed to the              

quick and easy versions that were implemented. 

Based on the feedback received from users, a number of change to the PRECIOUS system               
were implemented. These included:  

● The addition of tutorials outlining the functions of the whole app and the Mountain              
Climber sub-app. 

● Streamlining the activity logging so that there was no need to choose date, but rather               
activities can be directly added to the date that is being viewed currently. 

● Adding daily feedback with notifications informing users about the steps they’ve           
taken, how many % that comprises fo their goal, and whether they’ve achieved their              
goal. 

● The phone vibration when setting a PA goal was removed as some users found it               
alarming “should I not touch this”. 

● Elements from motivational interviewing were decided to be delivered sequentially          
and spread over time to avoid sense of repetition and to maintain user interest. 

Aside from the immediate usability findings of these trial, another important finding is the              
presence of a so-called “smartphone mode” that users often entered when interacting with             
the PRECIOUS application. In smartphone mode, users were found to eagerly click and             
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swipe through the service, with low introspection and deliberation about presented           
information on behavioural change. For instance, one participant indicated that it feels            
childish that the app asks them to think about their thoughts or feelings toward behaviour,               
even though there is evidence that these introspective activities can help foster motivation             
for behavioural change. When presenting these results at the European Health Psychology            
Society, researchers from other institutions in the UK and USA reported very similar findings              
from their own usability tests. This therefore represents a challenge for future mHealth             
research to address – improving user introspection during app interactions.  

 

2.3 N-of-1 Field Trials Examining the Effects of Motivational Interviewing 
Components, Firstbeat Biofeedback, and Variations of behavioural Feedback 

While randomized controlled trials (RCTs) testing the effects of total intervention packages            
can be useful for examining whether interventions change behaviour at group level            
compared to a control group, they do not contribute further understanding to how, why and               
for whom such interventions are effective. In addition, there is a growing body of evidence               
that suggests behaviour change interventions are most effective for the people who make             
the most use of the behaviour change techniques (BCTs) they contain (Hankonen et al              
2015; Knittle et al 2013; Burke et al, 2012), and it is difficult to understand the processes of                  
intervention engagement and BCT performance using traditional RCT study designs. For           
these reasons, the field of behavioural science has begun to recognise the need for more               
fine-grained investigations of the inner workings of behaviour change interventions within           
individuals .  

One potentially useful study design for examining these processes of change and            
investigating the effects of theory in behavioural interventions is the n-of-1 randomized trial,             
where conditions are randomised within individuals over time, as opposed to individuals            
being randomized to different conditions. Coupling this study design with continual           
monitoring of outcomes (e.g. ecological momentary assessment) then allows for          
investigating how changes in motivational variables lead to increased BCT enactment and to             
subsequent changes in behaviour. It also allows for examining the impact of individual BCTs              
and combinations of BCTs, as opposed to only examining the effect of a total intervention               
package which contains multiple BCTs, the individual effects of which cannot be unravelled             
in a traditional RCT. 

2.3.1 Objectives 

The n-of-1 field trials conducted in the University of Helsinki aim to examine how the various                
components of the PRECIOUS application combine to foster motivation for behaviour           
change, engagement with self-regulation components (e.g. goal setting, action planning,          
self-monitoring) and behaviour change itself, with a particular focus on physical activity.            
More specifically, each trial uses an n-of-1 factorial randomized design to examine the             
interactions of sub-apps and notifications within PRECIOUS over the course of 38 days. Trial              
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1 examines the effects of motivational interviewing components and Firstbeat biofeedback,           
and Trial 2 examines the effects of notifications to prompt goal setting and action planning               
and approach-framed and neutral feedback on behavioural performance.  

2.3.2 Methods 

Similar to the recruitment methods undertaken in the initial laboratory test of the gamified              
dietary learning tools, participants for the n-of-1 field trials were recruited from the general              
population using advertisements in the local ‘Metro’ newspaper. Individuals who responded           
to the advertisement with interest in the studies were contacted and screened by phone to               
establish whether or not they met the inclusion requirements. Inclusion criteria for these field              
studies were: between 18 and 64 years of age, able to speak, read and comprehend               
Finnish, able to read and understand English, no contraindications to engaging in physical             
activity as assessed by the Physical Activity Readiness Questionnaire (Thomas et al, 1992),             
no use of any behaviour trackers (e.g. Fitbit, Garmin, Misfit) or physical activity apps in the                
last 6 months, and levels of physical activity below the World Health Organization (2010)              
recommendation of 150 minutes per week of moderate-intensity physical activity.  

Individuals meeting these inclusion criteria were then invited for a face to face intake              
session, in which they had the chance to read the patient information sheet (which had also                
been sent to them by email after the telephone screening) and ask questions about it.               
Individuals wishing to be enrolled in the study then provided informed consent to participate              
and began the study.  

The conduct of these studies received a favourable decision from the University of Helsinki’s              
Ethical Review Board for the Humanities and Social and Behavioural Sciences (3rd Annual             
ethical and privacy report for PRECIOUS). 

2.3.2.1 Design of the Trials 

In each n-of-1 trial, the 38 day trial period was broken up into 12 study periods of three days                   
each, plus one extra day at the beginning of the trial and one between study periods six and                  
seven. Each study period was to test the effects of one of the following conditions (See                
Table 2): 1) both component A and component B delivered, 2) component A delivered alone,               
3) component B delivered alone, or 4) neither component (A nor component B) delivered.              
Each condition was then block randomized to one of the 12 three-day study periods using a                
computer-generated code. This led to each condition being assigned to three study periods             
overall. The components being examined in a particular study period were delivered to             
participants in days one and two, and day three acted as a washout day to eliminate any                 
carryover effects of intervention components on cognitions or behaviour in subsequent days. 
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Table 2 - Trial Conditions 

 Trial 1 Trial 2 

Component A MI components Notification to set goal & make action plan 

Component B Firstbeat Biofeedback Notifications providing either neutral or 
approach-framed feedback on behaviour 

 

2.3.2.2 Data Collection 

After providing informed consent during the baseline intake sessions, participants filled in an             
online questionnaire. Basic demographics about age gender, education, work, etc., were           
collected using standardized instruments previously used in large population-level surveys in           
Finland (Peltonen et al, 2008). Current level of physical activity was assessed using the              
short form of the International Physical Activity Questionnaire (IPAQ; Booth et al, 2003).             
Regulatory style was assessed using the Behavioural Regulations in Exercise Questionnaire           
(BREQ-3; Markland & Tobin, 2004; Wilson et al, 2006) and self-efficacy for physical activity              
was assessed using the 18-item self-efficacy scale developed by Bandura (2006).  

Twice daily, throughout the 38 days of the trials, participants are prompted to complete 3               
single-items delivered to their phone via the PRECIOUS Ecological Momentary Assessment           
application, which was developed through a collaboration with the Dutch Organisation for            
Applied Scientific Research (TNO). The first set of items is delivered between 9:00am and              
9:30am, and assesses current motivation for physical activity, self-efficacy for daily physical            
activity, and perceived barriers to being active on that day, each with a visual analogue scale                
(McDonald et al, 2015). The second set of items is delivered between 4:00pm and 4:30pm,               
and assesses current motivation for physical activity, daily happiness (Abdel-Khalek, 2006),           
and the extent to which illness or pain have inhibited an individual’s attempts to be physically                
active on that day. 

Throughout the study, physical activity behaviour is assessed by a combination of 3             
separate inputs amalgamated by the PRECIOUS system. The first of these inputs is the              
Xiaomi MiBand wrist-worn accelerometer, which outputs steps and has been successfully           
integrated into the mountain climber app. During periods when no activity is tracked by the               
wristband, the PRECIOUS app utilises the phone’s onboard sensors and data provided by             
Google Play Services to estimate walking and cycling behaviours in real time. The minutes              
recorded in either of these active transport modes are then converted to steps using              
standardized MET-value calculations (Ainsworth et al, 2011) and added to the user’s daily             
steps total. Finally, the third source of physical activity data is self-reported minutes of              
activities, converted to steps (Ainsworth et al, 2011), that may not have been picked up by                
either the wrist-worn or device-based accelerometers. Situations like this might include           
pushing a pram or a shopping cart where one’s arm does not naturally swing, or playing a                 
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competitive sport where wearing a wristband or carrying a phone is not allowed or practical.               
The time periods of activities entered manually are then checked against those obtained by              
the wristband and phone during those times, and the largest number of steps is input into the                 
mountain climber physical activity data. 

During the study, engagement with the PRECIOUS app’s motivational interviewing          
components components and enactment of self-regulatory BCTs (e.g. goal setting,          
self-monitoring, action planning) are all tracked automatically and stored on the PRECIOUS            
server, including timestamps. This will allow for investigations into how/whether engagement           
with motivational interviewing components leads to increased engagement with         
self-regulatory BCTs, and whether increased use of self-regulatory BCTs predicts changes           
in behaviour.  

After completing the 38-day study period, participants will again be asked to come to the               
University for a debriefing and exit interviews. At the debriefing session, participants will first              
fill in the same set of online questionnaires administered at baseline, and then be asked               
about their experiences with using the PRECIOUS app over the course of the study during a                
semi-structured interview. These interviews will cover topics such as acceptability and           
feasibility of the PRECIOUS system, its most/least appealing features, the person’s own            
patterns of engagement with the app components (i.e. how/when did they normally use the              
app), their reasons for using/not using the system, and their thoughts on the impact of the                
PRECIOUS system as a whole, including ways that it might be improved. These interviews              
will then be transcribed and entered into Atlas.ti software for qualitative analysis. 

2.3.2.3 Design for Data Analysis 

Data from these trials will be analysed using procedures similar to those used by previous               
n-of-1 studies (e.g. Nyman et al, 2016). Experts from the University of Cambridge             
Department of Public Health and Primary Care and Newcastle University Institute for Health             
and Society will advise the University of Helsinki team in conducting the analyses, as both               
the Cambridge and Newcastle groups have conducted n-of-1 trials over the past years, and              
each have a unique view on these analyses. This could potentially lead to some interesting               
methodological comparisons using the PRECIOUS trial data. Initially, aggregated analyses          
will compare the means of outcomes (e.g. PA behaviour, enactment of self-regulatory BCTs,             
motivation) on days in which a particular component was delivered to the means of those               
outcomes on days that the component was not delivered, controlled for baseline levels of              
dependent variables and the auto-correlation patterns present within the data using           
double-bootstrapping methods (McKnight et al, 2000). Multilevel analyses will then be used            
to examine intra-individual trends over time and establish the effect size for the individual              
BCTs delivered and enacted (Sniehotta, 2012).  

The data collected from interviews will be analysed using standard qualitative methods            
including thematic analysis and word-cloud generation, to reveal themes in the interviews            
and to establish the extent to which individual participants differed in their use of the app,                
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potentially identifying new use cases for the PRECIOUS system that were not conceived             
initially. 

2.3.3 Expected Results 

The n-of-1 trials are currently underway and recruitment of participants is nearly complete.             
All data from these trials will be collected by the end of 2016, and analyses will be conducted                  
in the spring of 2017. We expect these trials to result in two publications: one presenting the                 
quantitative analysis of the n-of-1 trials, and the other presenting usability information from             
the interviews. 

 
2.4 Usability, Acceptance, Satisfaction and Effectiveness Trial 

2.4.1 Pilot Test Description 

The pilot test at University Hospital Vall d’Hebron (Barcelona, Spain) with morbidly obese             
pre-diabetic patients has served to test and validate the system as well as to know users’                
acceptance in an early stage of PRECIOUS system development. 

We expected that MI techniques implemented in the platform would foster engagement in             
the PRECIOUS system and would promote behaviour change in relation to health risk             
factors. 

Additionally, feedback and outcomes obtained would serve to refine and adjust PRECIOUS            
system concept and architecture.  

This pilot test is part of work package number five of PRECIOUS project. The objective of                
this work package is to include the integration of all the system elements as well as the                 
testing and validation with various kinds of end users. For this purposes, the unit testing and                
the end-to-end system testing has been carried out in a controlled lab environment and by               
field trials with general population (university students and professional adults) and the pilot             
test described in this section, with clinical samples (patients with morbid obesity).  

2.4.2 Objectives 

The main goal of the present pilot is to assess users’ overall usability, acceptance and               
satisfaction of the PRECIOUS system, and to explore if MI in combination with gamification              
principles is a feasible solution to foster adherence to PRECIOUS system in a sample of end                
users. Moreover, it is pursued to trigger behaviour change and build up motivation to              
maintain sustained change towards healthy lifestyles.  

The initial hypothesis, based on previous research on the efficacy of lifestyle apps and              
motivational interviewing studies to foster behaviour change (Bardus, Van Beurden, Smith et            
al., 2016; Dallinga, Mennes, Alpay et al., 2015; Lundhal, Moleni, Burke et al., 2013; Miller               
and Rollnick, 2013) is that intervention groups (group 2 & 3) will show a change towards a                 
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healthier lifestyle compared to a control group (group 1). These changes will be measured              
with the weight management questionnaires, the substance use/abuse questionnaires and          
with several items related to the assessment of one of the main variables of the study                
(effectiveness). All these measures are described in section 2.5.3 “Methodology”. 

No preliminary hypotheses are established concerning possible differences between         
intervention groups 2 and 3. Desirably, both groups 2 and 3 will follow PRECIOUS’ system               
recommendations with no significant differences between them. Thus, the potential benefits           
of PRECIOUS app are expected to be achieved without the need for additional support (MI               
counselling). PRECIOUS’ app continuous monitoring and feedback, as well as          
psycho-educational content and messages are expected to be effective to foster healthier            
lifestyles. 

2.4.3 Methodology 

2.4.3.1 Sample 

A convenience sample (non-probabilistic) of patients has been recruited from a specialist            
outpatient consultation at Vall d’Hebron University Hospital. A total of 31 patients (22 women              
and 9 men) with the following inclusion criteria have been recruited: 1) patients under the               
care of medical specialists who adhere to national guidelines for morbid obesity and             
pre-diabetic condition following American Diabetes Association (ADA) criteria: fasting         
plasma glucose level from 5.6mmol/L (100 mg/dL) to 6.9mmol/L (125 mg/dL); 2) age older              
than 18 years; 3) body mass index (BMI) ≥ 30; 4) understand and complete questionnaires               
in the Spanish language; and 5) use multimedia platforms such as PDAs, tablets, laptops,              
smartphones or personal computers on a regular basis. Patients with the following criteria             
have been excluded from the study: 1) any mental (e.g., cognitive impairment, severe             
psychopathology not stabilized) or physical condition that could interfere with the successful            
application of the research protocol; and 2) technological illiteracy or any other condition             
precluding the use of a mobile phone. Table 2 shows the demographic characteristics of the               
sample. Potential participants have been invited to take part of the study via telephone              
contact and have randomly assigned into three groups: Group 1: Control Group (Treatment             
as usual + BodyGuard2); Group 2: PRECIOUS System (PRECIOUS app + BodyGuard2);            
Group 3: PRECIOUS System (PRECIOUS app + BodyGuard2 + MI). 

2.4.3.2 Measures 

Two types of measures will be registered: 1) A set of primary measures to evaluate the                
users’ opinion and experiences with the PRECIOUS system, and 2) a set of secondary              
measures to explore the differences between groups across the sessions. 

Primary outcome measures 

To explore users’ acceptance of PRECIOUS system the following aspects will be assessed: 
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1) Usability : 11-item questionnaire (10 items with 5-point Likert scale and 1 item with              
10-point Likert scale) to assess the users’ interaction with app and interface of the system. 

2) Satisfaction : 14-item questionnaire (10-point Likert scale) to assess the satisfaction of the             
different modules of the app (physical activity, diet diary), reports, feedback messages, and             
other interface elements. 

3) Acceptance : 4-item questionnaire (10-point Likert scale) to measure the disposition to use             
and recommend the system to other patients. 

4) Effectiveness : 15-item questionnaire (10-point Likert scale) to assess the engagement,           
the change and adherence to healthy habits. 

In Group 1 (control) treatment as usual, all these aspects will be assessed too but with an                 
adaptation of the same questionnaires based on their specific follow-up and the use of the               
BodyGuard2. 

Secondary outcome measures 

Additional outcome measures will be included to explore the differences between groups            
across the sessions. These are: 

- Demographics and clinical data as a date of birth, gender, actual and maximum             
attained weight, height, number of diets made last year, and questions related to             
self-esteem will be registered. 

- Health-related quality of life will be assessed with the Spanish version of the SF-12v2              
Health Survey (Alonso, 2002; Ware, Kosinski and Keller, 1996) a shorter version of             
the SF-36v2 Health Survey . 

- Weight management will be assessed with Spanish versions of S-Weight and           
P-Weight  questionnaires (Andrés, Saldaña and Gómez-Benito, 2009, 2011). 

- The symptoms of Depression, Anxiety and Stress will be measured with the Spanish             
version of the Depression, Anxiety and Stress Scale (DASS) (Bados, Solanas and            
Andrés, 2005).  

- The alcohol consumption will be measured with the Spanish version of Alcohol Use             
Disorders Identification (AUDIT) (Contel, Gual and Colom, 1999; Saunders, Aasland,          
Babor et al., 1993).  

- The tobacco consumption will be measured with the Spanish version of Fagerstrom             
Test for Nicotine Dependence (FTND) (Becoña, Gómez-Durán, Álvarez-Soto et al.,          
1992; Heatherton, Kozlowski, Frecker et al., 1991).  

- The sleep quality will be assessed with the Spanish version of the Pittsburgh Sleep              
Quality Index (PSQI) (Buysse, Reynolds, Monk et al., 1989; Macías-Fernández and           
Royuela-Rico, 1996).  

- Physical activity will be assessed with PRECIOUS app in the intervention groups            
(Group 2 and Group 3). Physical activity will be measured with accelerometer data             
from the patient’s smartphone. The accelerometer counts the steps walked and           
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provide to the patient a graphic result with total accumulated steps and time spent.              
Optionally, if the patient can’t wear the smartphone, PRECIOUS app allows to            
manually introduce the activity performed and it calculates the equivalence in steps. 

- Nutritional habits will be assessed with PRECIOUS app in the intervention groups            
(Group 2 and Group 3) with a diary that allows the patient to register the food they                 
consume on a daily basis. 

- To measure the cardiovascular activity the Bodyguard2 (Firstbeat) device will be           
used. This device works as a holter and allows recording 24 hour periods. The              
Bodyguard2 is lightweight and unobtrusive device, and is reliable to record R-R            
interval and movement data. Data collected with Bodyguard2 device will be analyzed            
with an adaptation of the Lifestyle Assessment Analysis Server Software (Firstbeat)           
performed by the PRECIOUS’ consortium partners (Aalto). This software provides a           
detailed report of the measured period: stress levels, recovery reactions, physical           
activity, exercise, sleep quality, and expended kilocalories. 

 

2.4.3.3 Procedure 

The study will will run for three months with the following scheduled follow-up appointments:              
1) Session 1 (week 1) as a baseline; 2) Session 2 (week 3); 3) Session 3 (week 5); 4)                   
Session 4 (week 8); and 5) Session 5 (week 12). In the Session 1, patients will receive a                  
detailed explanation of the study, will be provided in writing and orally with information and               
will give informed consent. Then, they will answer all the secondary measures in a              
semi-structured interview and finally, they will receive the Bodyguard2 device. Patients from            
intervention groups (Group 2 and Group 3) will be invited to download PRECIOUS app on               
their smartphone and create a user account. Patients from control group (Group 1) will              
receive a 3 weekly diary in paper to register physical activity and nutritional habits. The               
Session 2 and Session 4 will be telephonic follow-ups. Only doubts and questions regarding              
the PRECIOUS app use will be addressed (no specific measures were collected) in             
telephonic follow-ups. In all three groups we will observe the use of the Bodyguard2 device               
during the 3 days/nights after the Session 1. In these telephonic follow-ups the researchers              
accorded with the users the day of the next session in the hospital. The Session 3 will be a                   
session focused on discussing the results obtained from the Bodyguard2 device and for             
Groups 2 and 3 only, discuss the users’ preliminary opinions about PRECIOUS app. In              
Group 1, only the weekly self-reports of the physical activity and nutritional habits will be               
discussed. The Session 5 will be the last session of the study. In this session, primary and                 
secondary measures will be answered and the results obtained with Bodyguard2 will be             
discussed. All the follow-ups of Group 3 will be performed following MI principles. In the               
other groups, Group 1 and Group 2, the MI principles will not be applied. 

2.4.4 Results 

2.4.4.1 Results concerning sample characteristics. 
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Table 3 displays the demographic characteristics of the total sample of the study.  

Table 3. Demographic characteristics of the sample. 

  Group 1 (n = 11) Group 2 (n = 10) Group 3 (n = 10) Total (N = 31) 

 Mean ± SD  Mean ± SD Mean ± SD Mean ± SD 

Age (years) 37.45 ± 11.74 41.9 ± 6.24 38.9 ± 8.23 39.35 ± 9.03 

Weight (Kg) 129.18 ± 17.5 112.5 ± 11.74 116.86 ± 21.26 119.83 ± 18.23 

Height (m) 161.45 ± 9.32 165.7 ± 5.52 166.9 ± 9.02 164.58 ± 8.27 

BMI (weight/height2) 49.56 ± 5.58 40.9 ± 2.83 41.68 ± 4.41 44.23 ± 5.91 

Maximum attained weight 131.36 ± 18.96 117.7 ± 11.5 125.2 ± 20 124.97 ± 17.67 

Number of diets during last year 3.18 ± 4.17 2 ± 3.2 2.8 ± 3.08 2.68 ± 3.46 

BMI: Body Mass Index; Group 1: Control Group (Treatment as usual + BodyGuard2); Group 2: PRECIOUS                
System (PRECIOUS app + BodyGuard2); Group 3: PRECIOUS System (PRECIOUS app + BodyGuard2 + MI). 
 

2.4.4.2 Results concerning primary measures. 

Table 4 shows descriptives of primary outcome measure of usability. Table 4 indicates the              
descriptives for satisfaction. Table 5 provides descriptives for acceptance. Table 6 displays            
descriptive data concerning the effectiveness of the system.  

Table 4. Descriptives of primary measure of usability (range 1 = Completely disagree, to 5 =                
Completely agree). 

  Group 1 (n = 10) 
Mean ± SD 

Group 2 (n = 8) 
Mean ± SD 

Group 3 (n = 10) 
Mean ± SD 

Total (n = 28⊤) 
Mean ± SD 

U1. I think that I would like to use         
this system frequently.  

3.6 ± 1.35 2.25 ± 3.6 3.6 ± 1.265 3.21 ± 1.548 

U2. I found the system     
unnecessarily complex. 

1.9 ± 1.449 1.71 ± 1.113 1.60 ± 1.075 1.74 ± 1.196 

U3. I thought the system was easy       
to use. 

4.4 ± 0.966 4.29 ± 0.951 3.8 ± 1.476 4.15 ± 1.167 

U4. I think that I would need the        
support of a technical person to be       
able to use this system.  

1.4 ± 0.966 2 ± 1.852 2.8 ± 1.687 2.07 ± 1.585 

U5. I found the various functions in       
this system were well integrated. 

NA 3.43 ± 1.618 3.4 ± 1.713 3.41 ± 1.622 
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U6. I thought there was too much       
inconsistency in this system. 

NA 1.71 ± 1.254 1.4 ± 0.699 1.53 ± 0.943 

U7. I would imagine that most      
people would learn to use this      
system very quickly. 

NA 4.25 ± 1.488 4.3 ± 1.059 4.28 ± 1.227 

U8. I found the system very      
cumbersome to use.  

1.4 ± 0.699 1.14 ± 0.378 2 ± 1.7 1.56 ± 1.155 

U9. I felt very confident using the       
system. 

4.5 ± 0.527 4.13 ± 1.458 4.5 ± 0.85 4.39 ± 0.956 

U10. I needed to learn a lot of things         
before I could get going with this       
system.  

NA 1.14 ± 0.378 1.6 ± 1.075 1.41 ± 0.87 

UG. The system allows me to      
achieve my goals in an easy and       
satisfactory manner  (range 0 - 10). 

6.2 ± 2.098 7.29 ± 2.289 5.7 ± 2.214 6.3 ± 2.198 

NA: Not applicable; ⊤Three missing values. Group 1: Control Group (Treatment as usual + BodyGuard2); Group                
2: PRECIOUS System (PRECIOUS app + BodyGuard2); Group 3: PRECIOUS System (PRECIOUS app +              
BodyGuard2 + MI). 
 
 
Table 4. Descriptives of primary measure of satisfaction (range 0 - 10). 

  Group 1 (n = 10) Group 2 (n = 8) Group 3 (n = 10) Total (n = 28⊤) 

S1A. Satisfaction with PA app /      
self-report (Group 1).  

5.22 ± 2.539 8.43 ± 2.225 7.4 ± 3.098 6.92 ± 2.911 

S1B. Satisfaction with Diet app /      
self-report (Group 1). 

6.3 ± 3.057 4.33 ± 2.582 4.63 ± 2.825 5.25 ± 2.893 

S1C. Satisfaction with the    
BodyGuard2. 

7.29 ± 3.302 8.29 ± 2.215 8.2 ± 0.919 7.96 ± 2.156 

S1D. Satisfaction with   
personalization options. 

NA 5.29 ± 3.2 5.5 ± 2.718 5.61 ± 2.873 

S1E. Satisfaction with feedback    
messages. 

NA 6.86 ± 2.854 5.9 ± 2.601 6.5 ± 2.728 

S1F. Satisfaction with graphs and     
animations. 

NA 7.14 ± 2.734 6.4 ± 1.647 6.89 ± 2.193 

S1G. Satisfaction with the quality     
of the information provided by the      
system.  

NA 7.14 ± 2.545 6.3 ± 2.71 6.72 ± 2.539 

S1H. Satisfaction with the clarity of      
the information provided by the     
system. 

NA 7.29 ± 3.039 7.1 ± 2.283 7.33 ± 2.544 
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S1I. Satisfaction with the system as      
a motivator towards healthier    
lifestyles. 

7.56 ± 3.087 7.38 ± 2.387 5 ± 3.651 6.56 ± 3.25 

Overall perception of the system (range 0 - 10). 

S2A. Dreadful - Excellent 9.22 ± 0.972 7.25 ± 2.252 6.4 ± 2.221 7.59 ± 2.206 

S2B. Frustrating - Satisfying 9 ± 1.414 6.88 ± 2.8 5.9 ± 2.685 7.22 ± 2.651 

S2C. Dull - Exciting  7.56 ± 1.59 6.5 ± 2.673 5.4 ± 2.547 6.44 ± 2.407 

S2D. Difficult - Easy 9.67 ± 0.707 8.5 ± 1.604 8.6 ± 1.838 8.93 ± 1.517 

S2E. Rigid - Flexible  9.44 ± 0.882 6.88 ± 2.85 5.2 ± 3.19 7.11 ± 3.042 

NA: Not applicable; ⊤Three missing values.Group 1: Control Group (Treatment as usual + BodyGuard2); Group               
2: PRECIOUS System (PRECIOUS app + BodyGuard2); Group 3: PRECIOUS System (PRECIOUS app +              
BodyGuard2 + MI). 

 

Table 5. Descriptives of primary measure of acceptance (range 0 - 10). 
  Group 1 (n = 10) 

Mean ± SD  
Group 2 (n = 8) 

Mean ± SD  
Group 3 (n = 10) 

Mean ± SD  
Total (n = 28⊤) 

Mean ± SD  

ACC1. Readiness to continue    
using the system 

6.7 ± 3.743 6.25 ± 3.495 5.9 ± 4.332 6.29 ± 3.77 

ACC2. Would you recommend    
the use of the system to others? 

9 ± 1.247 8 ± 1.927 5.3 ± 3.489 7.39 ± 2.872 

ACC3. To what extent do you      
consider the system meets its     
purposes? 

8 ± 1.633 8.38 ± 1.768 5.3 ± 3.498 7.14 ± 2.785 

ACC4. To what extent do you      
consider this system as suitable     
to motivate people to healthier     
lifestyles? 

8.7 ± 1.337 7 ± 1.927 5.3 ± 3.401 7 ± 2.749 

⊤Three missing values. Group 1: Control Group (Treatment as usual + BodyGuard2); Group 2: PRECIOUS 
System (PRECIOUS app + BodyGuard2); Group 3: PRECIOUS System (PRECIOUS app + BodyGuard2 + MI). 
 
 
Table 6. Descriptives of primary measure of effectiveness (range 0 - 10). 

  Group 1 (n = 10) 
Mean ± SD  

Group 2 (n = 8) 
Mean ± SD  

Group 3 (n = 10) 
Mean ± SD  

Total (n = 28⊤) 
Mean ± SD  
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E1. The system has make me      
think about changing… 

a. My Diet 
b. My Physical activity 
c. How I handle my stress     

levels 

 
 
6.8 ± 4.104 
6.8 ± 3.084 
6.3 ± 5.314 

 
 
4 ± 3.651 
6 ± 4.163 
6.25 ± 4.097 

 
 
5 ± 3.742 
6.7 ± 3.197 
6.6 ± 3.864 
 

 
 
5.41 ± 3.885 
6.56 ± 3.566 
6.39 ± 4.332 

  Group 1 (n = 10) Group 2 (n = 8) Group 3 (n = 10) Total (n = 28⊤) 

E2. The system has helped me to       
start changing… 
 

a. My Diet 
b. My Physical activity 
c. How I handle my stress     

levels 

 
 
 
5.6 ± 4.337 
4.67 ± 3.841 
2 ± 2.739 
 
 

 
 
 
4.33 ± 2.944 
5.67 ± 3.386 
2.8 ± 2.775 

 
 
 
3.4 ± 4.6 
3.5 ± 4.249 
5.5 ± 4.17 

 
 
 
4.46 ± 4.15 
4.44 ± 3.852 
3.95 ± 3.748 

  Group 1 (n = 7) 
Mean ± SD  

Group 2 (n = 6) 
Mean ± SD  

Group 3 (n = 10) 
Mean ± SD  

Total (n = 23⊤⊤) 
Mean ± SD  

 

E7. PRECIOUS has make me feel       
more committed to the care of      
my health.  

7.57 ± 1.718 5.5 ± 2.881 6.6 ± 3.373 6.61 ± 2.824 

⊤Three missing values; ⊤⊤Eight missing values. Group 1: Control Group (Treatment as usual + BodyGuard2); 
Group 2: PRECIOUS System (PRECIOUS app + BodyGuard2); Group 3: PRECIOUS System (PRECIOUS app + 
BodyGuard2 + MI). 
 

2.4.4.3 Results concerning secondary measures. 

Table 7 shows baseline descriptives of secondary outcome measures. Figure 1 (1a, 1b, 1c)              
displays baseline states of change for diet and physical activity for each group. 

Table 7. Baseline descriptives of secondary measures. 

  Group 1 (n = 11) 
Mean ± SD  

Group 2 (n = 10) 
Mean ± SD  

Group 3 (n = 10) 
Mean ± SD  

Total (N = 31) 
Mean ± SD) 

SF12v2 Mental Component Scale 49.384 ± 1.664 48.068 ± 11.864 50.715 ± 12.221 49.389 ± 11.557 

SF12v2 Physical Component   
Scale 

32.116 ± 11.82 35.07 ± 12.16 45.288 ± 6.989 37.318 ± 11.763 

P-weight Emotional re-evaluation 85.489 ± 12.768 84.039 ± 7.801 80.962 ± 11.12 83.561 ± 10.648 

P-weight Weight consequences   
evaluation 

75.253 ± 17.323 65 ± 16.558 59.444 ± 11.8 66.856 ± 15.564 

P-weight Supporting  
relationships 

45 ± 22.023 32 ± 29.74 42 ± 26.998 39.839 ± 26.028 
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P-weight Weight management   
actions 

50.325 ± 18.861 53.571 ± 31.316 65.714 ±29.46 56.336 ± 26.801 

DASS Depression 19.636 ± 12.675 11.8 ± 953 8.8 ± 13.506 13.613 ± 12.558 

DASS Anxiety 14.182 ± 10.058 12 ± 8.692 7 ± 7.439 11.161 ± 9.074 

DASS stress 19.818 ± 11.915 19.4 ± 10.669 23.8 ± 10.685 20.968 ± 10.941 

Pittsburgh Quality of sleep 6.455 ± 3.882 9.8 ± 4.467 5.6 ± 2.875 7.258 ±  4.099 

Group 1: Control Group (Treatment as usual + BodyGuard2); Group 2: PRECIOUS System (PRECIOUS app +                
BodyGuard2); Group 3: PRECIOUS System (PRECIOUS app + BodyGuard2 + MI). 
 

 

 

 

Figure 1a. Group 1 (n = 11) Figure 1b. Group 2 (n = 10) Figure 1c. Group 3 (n = 10) 

   

 

Figures 1a, 1b, 1c. Baseline S-weight descriptives for the three groups. 

 

6.5% (n = 2) of the sample had problematic use of alcohol according to the AUDIT test.                 
22.6% (n = 7) of the sample were smokers.  

Table 8 shows post-intervention descriptives of secondary outcome measures. Figure 2 (2a,            
2b, 2c) displays baseline states of change for diet and physical activity for each group. 

 

Table 8. Post-intervention descriptives of secondary measures. 
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  Group 1 (n = 11) 
Mean ± SD  

Group 2 (n = 10) 
Mean ± SD  

Group 3 (n = 10) 
Mean ± SD  

Total (n = 31) 
Mean ± SD  

SF12v2 Mental Component Scale 50.954 ± 9.448 51.154 ± 6.614 52.896 ± 7.445 51.705 ± 7.771 

SF12v2 Physical Component   
Scale 

33.234 ± 11.276 32.557 ± 11.672 43.019 ± 7.606 36.535 ± 11.013 

P-weight Emotional re-evaluation 77.5 ± 13.63 80.769 ± 7.962 71.923 ± 19.193 76.442 ± 14.652 

P-weight Weight consequences   
evaluation 

64.722 ± 17.668 54.861 ± 13.588 61.944 ± 21.796 60.913 ± 18.08 

P-weight Supporting  
relationships 

36.5 ± 28.968 60.625 ± 112.359 45.5 ± 20.743 46.607 ± 61.585 

P-weight Weight management   
actions 

62.143 ± 20.496 55.804 ± 17.697 64.286 ± 20.62 61.097 ± 19.376 

DASS Depression 16 ± 10.499 10 ± 12.189 8.2 ± 8.08 11.5 ± 10.451 

DASS Anxiety 10.8 ± 6.197 8.25 ± 6.964 9.2 ± 7.376 9.5 ± 6.681 

DASS stress 15.2 ± 9.102 16.75 ± 10.361 20.4 ± 13.492 17.5 ± 11.017 

Pittsburgh Quality of sleep 8.2 ±  6.07 9.25 ±  4.803 6.8 ± 4.211 8 ± 5.018 

Group 1: Control Group (Treatment as usual + BodyGuard2); Group 2: PRECIOUS System (PRECIOUS app +                
BodyGuard2); Group 3: PRECIOUS System (PRECIOUS app + BodyGuard2 + MI). 
 

Figure 2a. Group 1 (n = 10) Figure 2b. Group 2 (n = 8) Figure 2c. Group 3 (n = 10) 

   

 

Figures 2a, 2b, 2c. Post-intervention S-weight descriptives for the three groups. 

3.2 % (n = 1) of the sample had problematic use of alcohol according to the AUDIT test. 
16.1% (n = 5) of the sample were smokers.  
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2.4.5 Conclusions 

Given the urgent need for interventions that can effectively change behaviours to prevent             
non-communicable diseases and reduce health risks, this pilot test expected to find that             
PRECIOUS system is a usable, acceptable and an attractive solution to foster behaviour             
change and sustain motivation for healthy lifestyles.  

Overall, results concerning primary outcome measures for the intervention sample (groups 2            
and 3) have shown that PRECIOUS is a very usable system. It has been described as easy                 
to use and with well-integrated functions. Besides, participants readiness to continue using            
the system (acceptance) has shown a mean score around 6, in a 0 - 10 range because it                  
helps to achieve their goals (mean scores around 6 - 7, group 3 and 2 respectively). 

Satisfaction with the system has shown medium mean scores for most of the items              
assessed (mean scores around 5 - 8 points). The physical activity app and the BodyGuard               
have been the most satisfying elements of the system (mean scores between 7.4 - 8.43). On                
the contrary, the diet module has yielded worse results, with satisfaction below 5 points (4.33               
group 2 and 4.63 group 3). However, the recommendation of the system to others varies               
widely between groups (mean score = 8 Group 2, mean score = 5.3 Group 3). Group 2 and                  
3 also differ concerning the perception of the system as a suitable solution to motivate               
people to healthier lifestyles (7 and 5.3, group 2 and group 3, respectively).  

Effectiveness of the system requires further empirical support and analyses. However,           
preliminary findings reveal that it seems to help participants to resolve their ambivalence and              
think about changing their lifestyle. Specifically, for physical activity habits (mean scores of 6              
& 6.7, group 2 and 3 respectively) and stress management (mean scores of 6.25 & 6.6,                
group 2 and 3 respectively). The behaviour of start changing dietary habits, physical activity              
patterns or stress management skills are less supported by our results with mean scores              
around or below 5 points.  

In summary, the PRECIOUS system seems to be very usable and quite accepted by              
participants but further improvements and studies are required to delve into their            
effectiveness as a suitable solution to foster and maintain behaviour change towards            
healthier lifestyles. It is highly recommended to maintain and improve proper motivational            
elements in the system and further improvements of the psychological and gamification            
framework are also important.  

3. Food-Intake Related Studies 

3.1 Summary 

The aim of this intervention study was to investigate whether motivational techniques could             
have an impact on the user’s usage of the PRECIOUS system and perceived motivation in               
monitoring their food intake. 
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The study assessed two different elements of the PRECIOUS food intake tool (Food Diary              
and Fruit and Vegetable Challenge), with two groups of participants (control and            
experimental) per element. After confirming consent to participate and completing an online            
attitudinal questionnaire, all four groups downloaded and used either the Food Diary element             
or the Fruit and Vegetable Challenge element of the tool for 14 days. During the trial, usage                 
data was captured and regularly monitored. Participants also provided self-reported data by            
completing an online survey assessing perceived experience/usage, attitudes and         
behaviours at the start (Day 0), throughout (Day 7) and at the end of the study (Day 14). At                   
the end of Day 7, the motivational elements of the PRECIOUS food intake app were               
remotely switched on for the experimental groups. Forty-nine participants completed the trial            
using the Food Diary and 46 participants completed the trial using the Fruit and Vegetable               
Challenge element of the app respectively (based on both usage and survey data). In all               
groups, participants’ feedback suggested that to some extent the app contributed to an             
increase in their awareness of what was consumed on a daily basis, but some improvements               
were required to the design of the app to increase appeal and user-friendliness. The              
outcomes from this study will help the PRECIOUS consortium assess whether the novel             
motivational aspects have the potential to positively affect usage and motivation of the users              
of the PRECIOUS food intake tool. 

 

3.2 Aim 

The PRECIOUS project aims to develop a system that enables monitoring key risks in              
developing Type 2 Diabetes and Cardiovascular diseases. 
As part of this system the PRECIOUS consortium are looking to develop a novel food intake                
tool that aids users in monitoring their food intake, but also has inbuilt state of the art                 
motivational techniques to improve usage and motivational levels. 
The overarching aim is to encourage long term behavioural changes in users’ approach to              
their health and wellbeing. 
In this intervention study, a mobile food intake tool, in the form of an app was developed by                  
the PRECIOUS consortium, to determine whether it could induce a behavioural change in             
users’ food intake. 
 
In order to assess the usability of the app, the following four elements were considered: 
● Effectiveness: the ease with which the users were able to use the application to              

achieve specified goals; 
● Efficiency: the time and effort spent by the users in using the application to achieve               

specified goals; 
● Satisfaction: the identification of challenges, barriers and positive aspects of the system            

from the users’ perspective; 
● Learnability: the ease with which the users learnt to use the tool. 
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3.3 Objectives 

This study was focused on three main objectives; 

● Whether there is a change in perceived motivation amongst the users when the             
motivational aspects of the PRECIOUS food intake tool are switched on; 

● Whether there is a change in food intake logging behaviour when the motivational             
aspects of the PRECIOUS food intake tool are switched on; 

● The usability of the PRECIOUS food intake tool, defined in terms of effectiveness,             
efficiency, satisfaction and learnability. 

 

3.4 Method 

3.4.1 Approach to Data Collection 

The entire intervention study was conducted online, using Compusense Cloud software. The            
principal/chief investigator was available to provide assistance to the participants throughout           
the study. Participants’ queries or concerns were received by email and responded to within              
24 hours, between 9.00 am and 4.30 pm, Monday to Friday. Participants were made aware               
of this before providing consent to participate. 

The study required participants to complete recruitment screeners, consent forms and           
usability questionnaires online. Selected participants had an Android device and were           
required to download and use the PRECIOUS app for 14 days. They were also required to                
complete an online survey at Day 0 to set a baseline and then at Day 7 and at Day 14 to                     
assess their experience of using the app. 

This study evaluated two elements of the PRECIOUS food intake tool: Food Diary and Fruit               
and Vegetable Challenge. Therefore participants were divided into two groups. Within these            
two groups, half had the motivational tool switched on at Day 7 (experimental group) and the                
other half continued using the app with the motivational tool off (control group) until Day 14. 

The target total number of participants for this study was 120, although due to recruitment               
challenges and difficulties with the app, the final number to complete the study was 95. For                
further details on sampling frame and size, see section 3.3. 

Participants were divided into described groups at the consent stage and received a code              
(see Table 9) which determined the app they could download and whether the motivation              
tool would be turned on or not at Day 7. 

Due to technical issues experienced with the app, which were reported by the users, the               
original study (‘Wave 1’) was aborted before the end of its first week. After further work on                 
the app, the study was re-launched (‘Wave 2’). 
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Table 9. Codes provided to the participants to download the appropriate version of the app 

App Element Random App 
Code 

Group 
(motivation tool ON or OFF after 7 

days) 
Wave 

1 
Wave 

2 

Fruit and Vegetable 
Challenge 

130 517 Control (OFF) 

678 392 Experimental (ON) 

Diet Diary 387 599 Control (OFF) 

827 135 Experimental (ON) 

  

 

3.4.2 Design of the online Survey 

For each element of the app (Food Diary and Fruit and Vegetable Challenge), the online               
questionnaire was structured into 3 sections; 

● Section 1: Attitudinal questions (Day 0, Day 7 and Day 14); 
● Section 2: Motivational questions (Day 0, Day 7 and Day 14); 
● Section 3: Usage related questions (Day 7 and Day 14). 

All questions were measured on a 9-point category scale for intensity or agreement to a list                
of statements (quantitative data). 

An open-ended question was also included at the end of the Day 14 questionnaire (at the                
end of section 3) to allow participants to express their overall experience of using the new                
app for 14 days (qualitative data). 

In addition to the self-reported data, participants’ usage of the app was remotely monitored              
by the app developers on a daily basis so that information such as logging date, logging                
time, pages consulted and food items logged in could be collected. 

3.4.3 Sample Size & Recruitment Quotas 

To determine the total number of participants involved in the study and the allocation of               
participants (to control and experimental groups within each element of the app (Diet Diary              
and Fruit and Vegetable Challenge)), quota sampling was used. 
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Quota sampling is the most objective and systematic of the non-probability methods of             
sampling. The aim of quota sampling is to recruit the ‘right type’ of participants and in                
sufficient numbers per set criteria to ensure data robustness and sufficient statistical power. 

For this study, a minimum number of 120 participants (60 per app element) was judged               
appropriate, together with an over recruit of 40 participants in case of drop outs. Participants               
were pre-recruited from the Campden BRI panel database, which contains approximately           
5,000 consumers spread across the UK. Once screened for inclusion in the study, the              
participants were allocated to one of the four groups ensuring a reasonable balance of age               
and gender within each group. All combinations of age categories and genders were             
represented in each group (see Tables 10 and 11). 

Participants who accepted the invitation to participate in the study had to successfully             
complete the recruitment and screening process, and provide informed consent. Participants           
who successfully completed this process continued with the study. 

After completion of the study, participants were thanked for their participation and            
compensated for their time and effort with an online voucher worth £50. 

Tables 10 and 11. Recruitment quotas: target numbers of participants per age, gender and 

app element 

Age & Gender 
Quotas Overall 

Male Female TOTAL 

26-35 years old 15 15 30 

36-45 years old 15 15 30 

46-55 years old 15 15 30 

56-60 years old 15 15 30 

TOTAL 60 60 120 

  

Quotas per Group 
and App element 

Diet Diary 
Element 

Fruit & Vegetable 
Challenge Element 

TOTAL 

Control (OFF) 30 30 60 

Experimental (ON) 30 30 60 

TOTAL 60 60 120 
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3.4.4 Response and Completion Rates 

Table 12 highlights the low number of participants who completed the study in relation to the                
high number of participants who qualified and were invited to take part in the study, in both                 
’Wave 1’ and ‘Wave 2’. 

 Table 12. Evolution of the number of participants from invitation to completion of the study 

Number of participants Wave 1 Wave 2 

Invited to complete Screener 4521 2670 

Completed Screener 751 511 

Invited to Complete Consent 223 361 

Agreed Consent 166 144 

Completed Day 0 135 135 

Completed Day 7 Aborted 98 

Completed Day 14 (based 
on both usage and survey 
data) 

Aborted 95 (3 removed from Day 7 
based on usage data) 

 
  

A number of issues were experienced by the participants at the beginning of the study, i.e.                
during ‘Wave 1’, some of which are listed in Table 13.  
 

Table 13. Example of comments received from the participants during ‘Wave 1’ of the study 

regarding technical difficulties as experienced from using the app. 

Fruit and Vegetable Challenge Element Diet Diary Element 

“wont accept the weight and height” 
“cannot register a date of birth” 
“cannot seem to sign up the sign up form         
will not let me enter 170 in the cm field for           
my height and I cannot move forward to        
dob and pressing sign up does not work” 
“will not let me put in a date of birth” 

“cant enter an age” 
“not able to enter my date of birth” 
“it wont accept my date of birth” 
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“struggling inputting the data for the kg and        
cm boxes” 

“app doesn't recognise steps carried” 
“pedometer function doesn't seem to be      
working” 
“never registered my walk” 
“Activities are limited, and has insisted I       
went cycling, when I haven't been on a        
bike in 30 years” 

“step counter does not seem to work       
properly” 
“I completed a 3.8 mile walk in 53 minutes.         
The app recorded 3140 steps in 37       
minutes”. 
  

“food calorie input isn't user friendly as it         
expects weights” 
“it is very difficult to use this app as not all           
foods can be added” 
“some of the foods are coming up with very         
random nutritional information” 
“2 boiled eggs (around 100g of eggs) is        
saying around the correct calories of 136,       
but then 41.6g of fat” 
“I make my chicken curry from scratch and        
basically I can't add everything I need to” 
“I don't always know what the food item        
weighs and when I eat 2 boiled eggs it         
should give the user a chance to enter        
quantity and not just weight! For example       
if I eat 2 medium eggs then I should be          
able to enter 2 eggs and from a menu it          
should show small, medium or large”  

“large majority of foods are not in the        
search” 
“Options for amounts are very unusual” 
“calculate the incorrect calories\fat” 
“1 banana. The app gave me 29 calories        
for 200g. Google it - 178 calories” 

“I can tell you it's a very poor ap. Badly          
designed, bugs and errors and very difficult       
to use, eg adding foods when the list is         
very proscriptive. It misses steps. 

“it is probably the worst bit of software I         
have seen for years, if ever. “It fails in         
every area. I cannot believe this has been        
released in such a poor state” 
“The state this ap was released in, funded        
by public finances, was a disgrace,      
bordering on scandal” 

  

Overall, the main difficulties experienced at the download stage of the app in ‘Wave 1’ were: 
● Many participants experienced difficulty in downloading the app; 
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● Many participants experienced difficulty in entering their date of birth, height or            
weight. 

On contacting the app developer regarding these issues, the trial was postponed for 24              
hours while an upgrade was conducted. 
 
Twenty-four participants also had to withdraw from ‘Wave 1’ as they were trying to download               
the app onto an iPhone thinking it was an Android phone (the app is only compatible with                 
Android phones). 
  
During the next 24 hours many participants reported (by email) further issues: 

● The mountain climber and firstbeat elements were found confusing; 
● The step and calorie counters did not appear to be functioning; 
● Logging some meals was found particularly difficult. 

  
On day 3 of ‘Wave 1’ of the study, each respondent’s usage was checked, which highlighted                
further issues: 

● Some participants who were meant to be using the Diet Diary element of the app               
appeared to be using both elements of the app. Those participants however            
confirmed that they had used to correct app code; 

● Some participants appeared not to be using the app at all. Those participants             
confirmed that they had been using the app, although some appeared to be using the               
step counter instead. 

To resolve these issues, the participants were asked to email screen shots of their app and                
to confirm the code they had used. From the screenshots it became evident that there was                
an issue with the app codes, with some participants having the motivational tool on before               
Day 7 (Figures 3a-3d). 
  

Entered Code 387 Entered Code 827 Entered Code 130 Entered Code 678 
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 Figures 3a-3d. Examples of screen shots sent by the participants who experienced 
difficulties whilst using the app 

For all the reasons given, the study (‘Wave 1’) was aborted at day 6. All those who correctly                  
followed the instructions provided received an online voucher worth £25 for their time and              
effort over the first week. 
  
Three weeks later, the study was re-launched (‘Wave 2’) with a new recruitment process,              
however of the 144 who were invited to start this new trial: 

●  46 withdrew before Day 7 of the study; 
● 15 did not download the app although they completed the initial questionnaire; 
● 11 could not download the app due to having an incompatible phone; 
● 8 withdrew after downloading the app; 
● 12 entered the wrong code and were therefore withdrawn from the study. 

  
In total, 95 participants (49 for Diet Diary plus 46 for Fruit and Vegetable Challenge)               
completed the fourteen day user trial and each of the Day 0, Day 7 and Day 14 online                  
questionnaires. For this study, the following indicator rates were obtained: 

● Recruitment response rate of 3.6% (95/2670), this figure relates to the number of             
completes in relation to the number of participants who qualified to take part in the               
study; 

● Completion rate of 26.3% (95/361), this figure related to the number of completes in              
relation to number of participants invited to download the app and conduct the             
fourteen day usage trial.  

 

3.4.5 Participant Demographic 

For both app elements, the majority of participants were from the West Midlands region              
(82-83%). For the Diet Diary element, 37% and 41% of the participants had used a               
fitness/diet app before participating in the intervention study, in the control and experimental             
groups respectively. For the Fruit and Vegetable Challenge element, 28% and 43% of the              
participants had used a fitness/diet app prior participating in the intervention study, in the              
control and experimental groups respectively. 
  
Tables 14, 15 and 16 present the characteristics of the participants who fully completed              
‘Wave 2’ of the study. Please note that the study completion was based on both usage and                 
survey data, i.e. only those participants who fully completed all online surveys and whose              
usage data showed they had utilised the app for the required period of time. 

For the Food Diary element, all 49 participants who fully completed all online surveys              
showed satisfactory app usage. For the Fruit & Vegetable element, 3 of the 49 participants               
who fully completed all online surveys did not show satisfactory app usage. Those             
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participants were then removed for the data analysis of the results presented in this              
document and the tables below show only 46 participants for this app element. 

Tables 14, 15 and 16. Actual participant numbers and demographic characteristics (‘Wave 
2’) 

App Element 
  

Group 

Diet Diary 
Element 

Fruit & Vegetable 
C. Element 

TOTAL 

counts % counts % counts % 

Control (OFF) 27 55 25 54 52 55 

Experimental (ON) 22 45 21 46 43 45 

TOTAL 49 100 46 100 95 100 

  

Diet Diary Element 
(counts) 

Age 

Control Group 
(OFF) 

Experimental Group 
(ON) 

TOTAL 

Female Male Female Male 

26-35 years old 5 4 4 4 17 

36-45 years old 5 3 3 2 13 

46-55 years old 4 2 4 2 12 

56-60 years old 3 1 3 0 7 

TOTAL 17 10 14 8 49 

  

Fruit & Vegetable 
Challenge Element 

(counts) 
Age 

Control Group 
(OFF) 

Experimental Group 
(ON) 

TOTAL 

Female Male Female Male 

26-35 years old 3 5 4 3 15 

36-45 years old 5 4 2 4 15 

46-55 years old 3 2 4 3 12 

56-60 years old 3 0 1 0 4 
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TOTAL 14 11 11 10 46 

  
 
 
Although the actual numbers were below the pre-set completion quotas (30 per group per              
app element - refer to Tables 10 and 11), a consistent balance was achieved, in terms of                 
numbers, gender and age, across the four groups of participants. 

For each app element, statistical analyses (chi-square tests at 5% significance with all             
p-values above 5%) confirmed that the demographic composition of the control group was             
similar to that of the experimental group (i.e. there was no more females/males or more               
older/younger participants in one group compared to the other one). 
 

3.4.6 Approach to Data Analysis 

After collection via online surveys completed at Days 0, 7 and 14, both quantitative (scores)               
and qualitative (free comments) self-reported data were exported from the software used            
(Compusense Cloud) for data analysis. In addition, usage data was also retrieved from the              
app for analysis. 

Following data analysis, the report was written by experienced sensory/consumer          
researchers and statisticians and signed off by the approved signatory before being issued             
to the chief investigator of the PRECIOUS project. 

Usage data 

The usage data served two purposes: 
● To check that participants who completed all online surveys did use the app for the               

entire trial duration of the study and on a regular basis; 
● To conclude on whether a change in food intake logging behaviour had occurred             

when the motivation tools of the app were turned on. 
  

To check for ‘satisfactory’ app usage by the participants, the analysis looked at the              
frequency with which participants logged in and out, which pages had been consulted and              
whether the required data had been entered. Before removing participants (the Fruit &             
Vegetable Challenge element only), it was checked that the absence of data was not linked               
to a data saving issue within the app itself. Where participants stopped using the app, it was                 
also concluded (supported by the analysis of the free comments collected as part of the               
online surveys) that one of the most likely reasons was the amount of difficulties              
experienced. 
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To conclude on whether a change in food intake logging behaviour occurred when the              
motivation tools of the app were turned on, selected usage data was used for each app                
element. The criteria used to assess within (effect of time and/or of the motivation tool) and                
between (group effect) group variations were the frequency with which food/drink items were             
logged by the participants and the number of food/drink items logged per day by the               
participants, during week 1 and week 2 of the trial. Both paired and independent t-tests at                
5% significance, run in XLSTAT software (version 2016.01), were used to conclude on             
significant differences (increases or decreases in frequency or numbers) between groups           
and time periods. 

Self-reported quantitative data 

The quantitative attitudinal data was statistically analysed using XLSTAT software (version           
2016.01). The outputs of which are presented as tables, graphs and statistical measures             
(section 4.1 and 4.2), e.g. mean scores and statistical significance of the main effects (group               
and time/motivation tool). 

To understand the approach to data analysis, the following should be considered: 
● For each element of the app, 2 groups (control and experimental groups) were             

followed at three different time points: Day 0 (pre-test), Day 7 and Day 14 (post-test).  
● The experimental design was a pre-test post-test control group design: whereby only            

the experimental group received the intervention (motivation tool turned on) and both            
control and experimental groups underwent an initial (Day 0) and a final (Day 14)              
assessment. 

● To measure changes in participants’ attitudes and behaviours, repeated         
measurements (Day 0, Day 7 and Day 14) on a series of dependant variables              
(scores in response to several questions) were collected. 

● Measurements were collected after trial conditions had changed for the participants:           
between Day 0 and Day 7 all participants had to use a new app with the motivation                 
tool off, then from Day 7 till Day 14 all participants had to continue using the app but                  
some participants had the motivating tool of the app turned on. 

  
Repeated measures ANOVA tests at 5% significance were performed in order to determine             
the effect of the group (control vs. experimental), of time (app usage duration and motivation               
tool on or off) and of the interaction between those two fixed factors (referred to as                
group*time). 
  
Independent t-tests at 5% significance were also used to determine: 

● Whether control and experimental groups had different attitudes/behaviours at the          
beginning of the study (Day 0 data); 

● Whether control and experimental groups had different attitudes/behaviours and         
reported usage/experience after using the new app with the motivation tool off for 7              
days (Day 7 data); 
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● Whether control and experimental groups had different attitudes/behaviours and         
reported usage/experience after continuing using the new app with the motivation           
tool on or off (motivation tool effect; Day 14 data). 

  

Paired t-tests at 5% significance were also used to determine: 
● Whether the attitudes/behaviours of the control group varied throughout the trial, i.e.            

between Day 0 and Day 7, between Day 7 and Day 14 and between Day 0 and Day                  
14 (time effect); 

● Whether the attitudes/behaviours of the experimental group varied throughout the          
trial, i.e. between Day 0 and Day 7, between Day 7 and Day 14 and between Day 0                  
and Day 14 (time and motivation tool effects). 

  

For each app element, results could have been presented by gender and age if more               
participants had completed the whole trial. It would have been also interesting to analyse the               
data at an individual level rather than at a group level to detect significant changes in                
reported usage/experience, attitudes and behaviours in some of the participants, which           
could be masked by no changes in some other participants (due to using mean based               
statistics). 

Self-reported qualitative data 

Each participant had an opportunity to comment on their overall experience of using the app               
for 14 days. 

Word frequencies were computed and the most frequently occurring words were used to             
create Word Clouds (section 4.3). Word Clouds are a visual summary of participants’ key              
comments about using the app. 

Essentially, the larger the size of the words in the Word Clouds, the greater the frequency                
with which they were mentioned by the participants and the greater their importance for              
concluding on the overall experience and usability of the app. 

3.5 Results 

The results for both elements (Diet Diary and Fruit and Vegetable Challenge) are reported              
separately. 

3.5.1 Usage data 

For each app element, within (effect of time and/or of the motivation tool) and between               
(group effect) variations within the groups were assessed. This was based on: (1) the              
frequency with which food/drink items were logged by the participants; (2) the number of              
food/drink items logged per day by the participants, during week 1 and week 2 of the trial.                 
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Results are summarised in Tables 17 and 18. For criteria (1) and (2), mean scores (or                
averages) and medians* are provided for control and experimental groups in week 1 and              
week 2.  

Tables 17 and 18. Within and between group variations in food intake logging behaviour 

Diet Diary 
Element 

Week 1 Week 2 Time Differences 

(Week 2 – Week 1) 

No. of days 
where items 
were logged 

No. of 
items 
logged 

per day 

No. of days 
where items 
were logged 

No. of 
items 
logged 

per day 

No. of days 
where items 
were logged 

No. of 
items 
logged 

per day 

Experiment
al (E) 

mean = 6.8 
median = 7 

mean = 8.4 
median = 8 

mean = 6.2 
median = 7 

mean = 6.5 
median = 7 

- 0.6 

BS 0.050 

- 1.9 

S 0.001 

Control 

(C) 

mean = 6.9 
median = 7 

mean = 11.5 
median = 10 

mean = 6.0 
median = 6 

mean = 8.8 
median = 8 

- 0.9 

S 0.001 

- 2.8 

S < 0.0001 

Group 

Differences 
(E-C) 

- 0.1 

NS 0.595 

- 3.1 

S  0.037 

+ 0.2 

NS 0.533 

- 2.3 

NS 0.100 

/ / 

 
 

Fruit & 
Vegetable 
Challenge 
Element 

Week 1 Week 2 Time Differences 
(Week 2 – Week 1) 

No. of days 
where items 

were 
logged 

No. of 
items 
logged 
per day 

No. of days 
where items 

were 
logged 

No. of 
items 
logged 
per day 

No. of days 
where items 
were logged 

No. of 
items 
logged 
per day 

Experiment
al (E) 

mean = 6.2 
median = 7 

mean = 2.4 
median = 2 

mean = 6.0 
median = 6 

mean = 2.9 
median = 2 

- 0.2 
NS 0.579 

+ 0.5 
BS 0.050 

Control 
(C) 

mean = 6.3 
median = 7 

mean = 2.8 
median = 2 

mean = 5.9 
median = 7 

mean = 2.8 
median = 2 

- 0.4 
NS 0.142 

0.0 
NS 0.960 

Group - 0.1 -  0.4 + 0.1 + 0.1 / / 
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Differences 
(E-C) 

NS 0.938 NS 0.406 NS 0.782 NS 0.806 

 
 

Notes regarding the interpretation of Tables 17 and 18: 
● In red: the between group variations (differences that are noticed between groups, for             

each criterion, in week 1 and week 2). Negative values for ‘Group Differences’             
denote lower numbers (of days or items) in the experimental group than in the control               
group. Note that (larger) positive values are ideally expected in week 2, i.e. when the               
motivation tools have been turned on for the experimental group only. 

● In green: the within group variations (differences that are noticed in each group             
between week 2 and week 1, which are due to prolonged usage of the app (time                
effect) and/or the motivation tools being turned on for the experimental group).            
Negative values for ‘Time Differences’ denote lower numbers (of days or items) in             
week 2 compared to week 1. Note that smaller negative values (compared to the              
control group) or positive values are ideally expected in the experimental group as             
they would show a positive effect of the motivation tools on food/drink items logging              
behaviour. 

● S denotes a significant difference at 5% significance based on paired t-tests (time             
differences) or independent t-tests (group differences), whereas BS denotes a          
borderline significant difference and NS a non-significant difference at 5%. 

● The median refers to the ‘middle’ value for the data obtained, e.g. a median of 7 for                 
the number of days where items were logged in week 1 indicates that 50% of the                
participants logged items 7 times or less in week 1 and 50% of the participants               
logged items 7 times or more in week 1. 

● For the Diet diary app element: the data of all 49 participants (27 for control group                
and 22 for experimental group) was used for the presented results. Note however             
that 3 participants in the experimental group and 5 participants in the control group              
logged out of the app either once or twice during the study, which might have               
impacted on the usage data being saved (particularly the number of items being             
logged). 

● For the Fruit and Vegetable challenge element: the data of only 42 participants (24              
for control group and 18 for experimental group) was used for the presented results.              
4 participants were removed due to some uncertainty around the accuracy / amount             
of data saved by the app. 

  

For the Diet Diary app element, the results showed some evidence of a positive              
change in logging behaviour in the experimental group: 

● In terms of the items logging frequency: there was no statistically significant            
difference between the groups in both week 1 and week 2 (although the frequency              
was marginally higher for the experimental group in week 2) but there was a smaller               
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decrease over time (i.e. between week 2 and week 1) for the experimental group              
compared to the control group (the decrease was significant for the control group but              
only borderline significant for the experimental group); 

● In terms of the number of items logged per day: although there was a statistically               
significant difference between the groups in week 1 (the control group logged more             
items), there was no statistically significant difference between the groups in week 2.             
Although the number of items logged significantly decreased for both groups, the            
decrease was far less pronounced for the experimental group than  the control group. 

  
For the Fruit and Vegetable Challenge element, the results showed evidence of a             
small positive change in logging behaviour in the experimental group: 

● In terms of the logging frequency of items: there was no statistically significant             
difference between the groups in both week 1 and week 2. Although the decrease              
over time was not statistically significant for both groups, it was marginally smaller             
(based on the mean scores) for the experimental group than the control group; 

● In terms of the number of items logged per day: there was no statistically significant               
difference between the groups in both week 1 and week 2. Although only borderline              
statistically significant, there was a slight increase in the number of items logged             
(based on the mean scores) for the experimental group which was not noted for the               
control group. 

  
Although usage data could provide a ‘true’ insight into participants’ food intake logging             
behaviour (due to the implicit approach to data collection), in this instance the results              
presented should be interpreted with care for the following reasons: 

● There was some uncertainty around the amount of data that was actually saved by              
the app (as opposed to the data actually logged into the app by the participants); 

● Due to the above reason, the data of a few participants was removed. This led to the                 
results being based on an overall lower number of observations and influenced by an              
imbalance of participants for the control and experimental groups of each           
component; 

● There is limited evidence to support the small change identified in participants food             
intake logging behaviour within the experimental group. The overall trial/assessment          
period was not long enough (and the number of participants not high enough) to be               
able to observe significant differences between groups (as well as changes in each             
group) at the end of week 2.  

 

3.5.2 Self-reported attitudinal data 
Tables 11 and 12 summarise the results for both the Diet Diary and the Fruit and Vegetable                 
Challenge elements respectively. The results are from the online survey at the three time              
points, Day 0, Day 7 and Day 14. 
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When interpreting Tables 19 and 20, please note the following: 

● D0 refers to Day 0 (before), D7 to Day 7 (during) and D14 to Day 14 (after) of the                   
trial; 

● D7-D0 corresponds to the difference, in terms of mean scores, between the results             
obtained at Day 0 and Day 7. A positive value denotes an increase in e.g.               
motivation. High values (1.0 and above on a 9-point scale were highlighted in bold); 

● Some of the questions/statements were not assessed at all the time points:            
statements in blue were only assessed at Day 7; 

● The higher the mean score, the higher the intensity (statements 1/ to 3/) or              
agreement (all other statements) with the corresponding statement. For statements          
1/ to 3/, scores between 1 and 3 correspond to a low intensity, scores between 4 and                 
6 correspond to a moderate intensity and scores between 7 and 9 correspond to a               
high intensity. For all other statements, a score between 6 and 9 corresponds to              
some level of agreement (6 = slight, 7 = moderate, 8 = high, 9 = very high); 

● BS indicates a borderline statistically significant difference and S a statistically           
significant difference between 2 groups (at the same time point) or between 2 time              
points (within the same group) based on repeated measures ANOVA tests, paired            
t-tests or independent t-tests run at 5% significance; 

● For data quality check purposes, note that statements 3/ and 8/ were very similar, i.e.               
related to the belief that an app (at Day 0) or the app used (from Day 7) can help                   
improve one’s diet. 

Table 19. Self-reported quantitative data – Summary results of the Diet Diary app 14 day trial 
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Table 20. Self-reported quantitative data – Summary results of the Fruit and Vegetable 
Challenge app 14 day trial 

 

For the Diet Diary app element, Figures 4 to 7 summarise and illustrate the results presented                
in Table 19. Note that to highlight within and between group differences over time, only a                
small proportion of the original measurement scales (from 1 to 9 for all statements) was               
represented. To the reader most changes or differences may then appear larger than they              
actually are. 
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Figures 4 and 5 . Self-reported quantitative Data - Diet Diary app element - Changes in 

Attitudes and Motivation 

 

In relation to participants’ attitudes and motivation, the following points are worth highlighting             
between Day 0 and Day 14 (Figures 6 and 7): 

- Interest (1/): tendency to slightly decrease over time for both groups (significant time              
effect), from nearly very high at Day 0 down to about moderately high at Day 14. Interest                 
was moderately high in both groups throughout the trial. The largest difference between the              
two groups was at Day 7 (borderline significant group differences). 

- Awareness (2/): awareness, which was slightly high, fluctuated slightly with time. There             
was no significant time or group difference. 
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- Belief (3/): decreased over time for both groups, from moderately high in both groups to                
below slightly high after Day 7 for both groups. There were also borderline significant              
group differences (the experimental group scored slightly higher throughout). 

- Willingness (4/): fluctuated slightly over time for both groups, between moderately and             
very high in both groups throughout the trial. There was no significant time or group               
difference. 

- Motivation to eat healthier (5/) and improve their diet (6/): fluctuated between moderately              
and very much in both groups. There was no significant time or group difference. 

- Motivation to use the app (7/): significant decrease over time for both groups (from nearly                
very much agree to just above slightly agree). There was no significant difference between              
groups. 

- The goals set helped stay motivated (9/): there was a significant decrease between Day               
7 and Day 14 for the control group and a borderline significant difference between              
control and experimental groups at Day 14 (higher motivation in the experimental            
group). 

- The app helped understand food intake (10/): there was no significant difference between              
or within groups throughout the trial, despite the experimental group scoring always higher. 
  

In relation to usage and experience, the following key points are also worth noting between                
Day 7 and Day 14 (Figures 7 and 8): 

- The daily progress page was clear (13/): with marginal/slight fluctuations over time (i.e.              
decrease for the experimental group), both groups slightly agreed with this statement. There             
was no significant difference between or within groups between Day 7 and Day 14. 

- The daily progress page was informative (14/): with marginal/slight fluctuations over time             
for both groups (decrease), both groups slightly agreed with this statement. There was no              
significant difference between or within groups between Day 7 and Day 14. 

- The daily progress page helped maintain motivation (15/): with marginal fluctuations over             
time (marginal decrease for both groups), both groups neither agreed nor disagreed with this              
statement although the control group always scored slightly higher. There was no significant             
difference between or within groups between Day 7 and Day 14. 

- Frequent difficulties (16/): with minor fluctuations over time for both groups, both groups              
slightly agreed with this statement. There was no significant difference between or within             
groups between Day 7 and Day 14. 

- Input of correct food/drink items (17/): with slight fluctuations over time for both groups               
(increase for experimental group as opposed to decrease for control group), both groups             
moderately disagreed with this statement. There was no significant difference between or            
within groups between Day 7 and Day 14. 

- Input of correct food quantities (18/): with slight fluctuations over time for both groups               
(decrease for experimental group as opposed to increase for control group), both            
groups slightly disagreed with this statement. There was no significant difference between or             
within groups between Day 7 and Day 14. 
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- Enjoyed using the app (19/): with slight fluctuations over time for both groups              
(decrease), both groups (but experimental less) slightly disagreed with this statement. The            
decrease in enjoyment was significant for the control but not for the experimental             
group. 

- Ability to enter the data quickly (20/): with marginal/slight fluctuations over time for both               
groups (increase), both groups neither agreed nor disagreed with this statement at Day 14.              
There was no significant difference between or within groups between Day 7 and Day 14. 

- The app was easy to use (21/): both groups neither agreed nor disagreed with this                
statement and there was no significant difference between or within groups between Day 7              
and Day 14. 

- Willingness to continue using the app after the trial (22/): willingness decreased over time               
for both groups, who slightly/moderately disagreed with this statement. There was no            
significant difference between groups but a significant decrease for the experimental group            
only between Day 7 and Day 14. 
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Figures 6 and 7 . Self-reported quantitative Data - Diet Diary app element - Changes in 

Usage/Experience 

 

To summarise the results, for the Diet Diary element, the following group and time effects               
were found significant or borderline significant at 5%: 

- Group effects: borderline significant for statements 1 and 3 only (interest – lower in               
experimental group at Days 0 and 7, and belief – higher in experimental group); 

- Time effects (related to prolonged app usage and motivation tools being on or off):               
significant for statements 1, 3 and 7 only (interest, belief and motivated in using the app). 
  
Overall, the two groups showed similar results at each time point except the following              
significant or borderline significant differences at 5% significance which were noted: 
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- At the beginning of the study (Day 0): borderline significant difference on statement 3 only                
(belief in an app to help improve the diet – slightly higher in experimental group); 

- At the end of the study (Day 14 - after continuing using the new app with the                  
motivation tool on or off): borderline significant difference on statement 9 only (the             
goals set helped them stay motivated - higher in experimental group). 
  
The following significant within group or time differences (at 5%) were also noted: 

- For the control group: statements 9 (the goals set helped them stay motivated: decrease)               
and statement 19 (enjoyed using the app: slight decrease) between Day 7 and Day 14; 

- For the experimental group: statement 22 (slight decrease in willingness to continue using              
the app after the end of the trial) between Day 7 and Day 14. 
  
For the Fruit & Vegetable Challenge element, Figures 8 to 11 summarise and illustrate the               
results presented in Table 20. Please note that to highlight within and between group              
differences over time, only a small proportion of the original measurement scales (from 1 to               
9 for all statements) was represented. To the reader most changes or differences may then               
appear larger than they actually are. 
  
In relation to participants’ attitudes and motivation, the following points are worth highlighting             
between Day 0 and Day 14 (Figures 8 and 9): 

- Interest (1/): interest was moderately high in both groups throughout the trial and              
consistently increased over time for the experimental group (although not          
significantly). At Day 14, the interest was significantly higher in the experimental            
group than the control group. 

- Awareness (2/): awareness was slightly to moderately high in both groups throughout the              
trial. Whilst awareness marginally fluctuated over time for the control group, it consistently             
increased for the experimental group (significant time and interaction effects), in which it             
was also significantly lower at the start of the study. 

- Belief (3/): significantly decreased over time for both groups but more for the              
control group (borderline significant group effect), i.e. from moderately high for both            
groups at Day 0 down to slightly high for the experimental group and below neither high nor                 
low for the control group at Day 14. At Day 14 the difference between the two groups was                  
borderline significant. 

- Willingness (4/): between moderately and very high, willingness fluctuated slightly over            
time for the control group and consistently increased but only slightly (and not             
significantly) for the experimental group. At Day 14 the difference between the two             
groups was borderline significant. 

- Motivation to eat healthier (5/): with marginal fluctuations over time for both groups, the               
level was between moderately and very much in terms of agreement. The experimental             
group always scored slightly higher (borderline significant group effect). 

- Motivation to improve fruits & vegetable intake (6/): with marginal fluctuations over time for               
both groups, the level was between moderately and very much in terms of agreement. The               
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experimental group always scored slightly higher but there was no significant time or group              
difference. 

- Motivation to use the app (7/): although more pronounced in the control group, there               
was a significant decrease over time in both groups. From above moderately agree for both               
groups at Day 0 it came down to just above slightly agree for the control group at Day 14.                   
Although not statistically significant, the difference between the two groups was important at             
Day 14 (higher in experimental group). 

- The goals set helped stay motivated (9/): there was a slight decrease for both groups                
between Day 7 and Day 14, which was borderline significant for the experimental group only.               
Although not significantly, the experimental group scored higher than the control group at             
both time points (around slightly agree vs. just above neither agree nor disagree). 

- The app helped understand food intake (10/): there was some fluctuations over time for               
both groups, where the experimental group (slightly agree) consistently scored higher (only            
statistically significant at Day 7) than the control group (below neither agree nor disagree). 
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Figures 8 and 9.  Self-reported quantitative Data – Fruit & Vegetable Challenge app element 

- Changes in Attitudes and Motivation 

In relation to usage and experience, the following key points are also worth noting between 
Day 7 and Day 14 (Figures 10 and 11): 

- The daily progress page was clear (13/): agreement with this statement slightly increased              
for both groups (particularly for the control group where the increase was statistically             
significant) to reach a moderately high agreement for both groups at Day 14. There was no                
significant difference between or within groups between Day 7 and Day 14. 

- The daily progress page was informative (14/): despite slight fluctuations over time             
(decrease for experimental group as opposed increase in control group), both groups slightly             
disagreed with this statement. There was no significant difference between or within groups             
between Day 7 and Day 14. 

- The daily progress page helped maintain motivation (15/): there were marginal fluctuations             
over time for both groups (decrease for experimental group as opposed increase in control              
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group) and the experimental tended to score slightly higher than the control group             
throughout the trial (just above versus under neither agree nor disagree). However, there             
was no significant difference between or within groups between Day 7 and Day 14. 

- Frequent difficulties (16/): agreement with this statement slightly decreased over time (but             
not significantly) for both groups who scored very similarly, from just above to just under               
moderately disagree. There was no significant difference between or within groups between            
Day 7 and Day 14. 

- Enjoyed using the app (17/): despite marginal fluctuations over time for both groups              
(decrease for experimental group as opposed increase in control group), both groups agreed             
with this statement very much at Days 7 and 14. There was no significant difference               
between or within groups between Day 7 and Day 14. 

- Ability to enter the data quickly (18/): with marginal fluctuations over time for both groups                
(increase), both groups neither agreed nor disagreed with this statement at Day 14. There              
was no significant difference between or within groups between Day 7 and Day 14. 

- The app was easy to use (19/): despite a marginal decrease over time for the                
experimental group, both groups agreed with this statement moderately to very much. There             
was no significant difference between or within groups between Day 7 and Day 14. 

- Willingness to continue using the app after the trial (20/): willingness remained fairly              
constant over time for both groups and the experimental group (between neither agree nor              
disagree and slightly agree) consistently scored higher than the control group (slightly            
disagreed). There was no significant within group (time) difference but a borderline            
significant between group difference at Day 7. 
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Figures 10 and 11 . Self-reported quantitative Data – Fruit & Vegetable Challenge app 

element - Changes in Usage/Experience 

 

To summarise the results, for the Fruit and Vegetable Challenge element, the following             
group effects, time effect and their interactions were found significant or borderline            
significant at 5%: 

- Group effect: borderline significant for statements 3 and 5 only (belief in the app               
and motivation in eating healthier – higher in experimental group for both); 

- Time effect (changes over time linked to the prolonged usage of the app and/or the                
motivation tools of the app after day 7): significant for statements 2, 3/8 and 7 only, i.e.                 
increase in awareness (of the amount of fruits and vegetables consumed), decrease in belief              
(that the app can help improve the diet quality) and decrease in motivation (related to using                
the app) respectively; 
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- Interaction between Group and Time effect (different evolution over time depending            
on the group): for statement 2 (higher increase in experimental group in terms of              
awareness). 
  
The groups showed similar results at each time point except for the following significant or               
borderline significant differences at 5% which were identified: 

- At the beginning of the study (Day 0): a significant difference on statement 2 (awareness                
of the amount of fruits and vegetables eaten – lower in the experimental group); 

- Half-way through the study (Day 7 - after using the app with the motivation tool off                 
for 7 days): a significant difference on statement 10 (the app helped them understand              
their intake - higher in experimental group) and borderline significant difference on            
statement 20 (willingness to continue using the app at the end of the study - higher in                 
experimental group; 

- At the end of the study (Day 14 - after continuing using the new app with the                  
motivation tool on or off): significant difference on statement 1 (interest in monitoring             
diet - higher in experimental group) and statement 8 (belief that this app will help them                
improve their diet - higher in experimental group) and borderline significant difference            
on statement 3 (belief that using this app regularly will help them improve their diet -                
higher in experimental group) and statement 4 (willingness to be more conscientious            
about the fruits and vegs they eat – slightly higher in experimental group). 
  
The following borderline significant or significant within group or time differences (at 5%)             
were also found: 

- For the control group: statement 13 (the daily progress page was clear: significant              
increase) between Day 7 and Day 14; 

- For the experimental group: statement 9 (the goals set helped them stay motivated:              
slight decrease – borderline significant) between Day 7 and Day 14. 
 

3.5.3 Self-reported qualitative data 

In this section, Word Clouds are shown which visually summarise participants’ key            
comments about using the app. Word frequencies were computed and the most frequently             
occurring words were used to create Word Clouds. Word Clouds are a visual summary of               
participants’ key comments about using the app. Essentially, the larger the size of the words               
in the Word Clouds, the greater the frequency with which they were mentioned by the               
participants and the greater their importance for concluding on the overall experience and             
usability of the app. 

In total, there are four Word Clouds which represent the comments from the four groups:               
Food Diary Experimental group, Food Diary Control group, Fruit and Vegetable Experimental            
group and the Fruit and Vegetable Control group. 
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Diet Diary app element 

Figure 12 represents the open comments from those who were assigned to the experimental              

group: 

 

Figure 12:  Diet Diary element – Word Cloud for the Experimental group 

 

The main comments that respondents made alluded to the incomplete database. It was not              
possible to enter new, additional items into the diary, and the data present in the database                
was found to be incomplete. This resulted in respondents entering alternative items which             
may reduce the accuracy of the data being entered. Some of the items stored in the food                 
database were deemed incorrect as nutritional information was missing, leading to further            
inaccurate readings of the diet. In order to enter the items into the diary, respondents were                
asked to weigh the items. This was challenging to weigh the correct measurements and              
some respondents estimated the portion sizes that they were consuming. The app was             
perceived as not user friendly, and some respondents found that the app would enter the               
meal into the wrong section, for example enter the breakfast meal into the lunchtime meal.               
Once an entry had been made, it wasn’t possible to edit the entry. This became frustrating                
for respondents as they had to delete and re-enter the item to ensure that the diary was                 
reflective. Some improvements should be made to make the app more user friendly. Some              
respondents suggested that the interface should be updated to make it a premium product,              
with the inclusion of a ‘favourites’ section to reduce the amount of time spent adding popular                
items. Despite this, some respondents found that the app was easy to use and was deemed                
to be motivational as it highlighted areas of their diet that needed to be improved, such as                 
reducing the level of saturated fat and increased awareness of snacking between meals.             
However, others thought that the app was challenging and difficult to use as a result of                
entering food items into the diary. 

Figure 13 represents the open comments from those who were assigned to the control              
group: 
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Figure 13:  Diet Diary app element – Word Cloud for the Control group 

 

Entering items into the diary was deemed challenging due to the use of an incomplete               
database whereby many drinks were missing and popular items were not included. On             
entering items into the diary, respondents found that the nutritional content was inaccurate,             
in that it did not match the nutrition table on a product packaging. This led respondents to                 
question the validity of the app, especially in instances when the app didn’t provide the               
nutritional information. Respondents suggested that the app needed to be improved so that             
it would be suitable to use. Such improvements pertained to the accuracy and size of the                
food database to allow respondents to monitor their diet effectively. Other improvements            
were the inclusion of motivational messages whereby the app should provide messages            
when the diet is lacking in or exceeding in a particular nutrient such as saturated fat. The                 
inclusion of a ‘favourite meals’ or ‘popular items’ section would be beneficial to reduce data               
entry time, particularly when entering items such as breakfast, which typically may remain             
consistent over the duration of a week. Whilst some respondents thought that the concept              
of the PRECIOUS app was good, others found that it was difficult to use. As a result of the                   
incomplete database, respondents entered alternative items into the diary which created           
inaccurate data entries as the diet was not reflective of the actual intake. Respondents              
found it challenging to enter accurate portion sizes due to the measurement options that              
were available. Such measurements included ‘cups’, which is typically a US term, or             
required the items to be weighed in order to be recorded. In many cases this became                
impractical and therefore respondents would estimate the portion size which led to further             
inaccurate data entries. The app didn’t allow respondents to manually enter food items into              
the diary which made it challenging when choosing items that were not available in the               
database. Some of the items were deemed too generic whereby bolognaise sauce was an              
option, but there wasn’t the option to state whether the sauce was high or low fat. 

Respondents who used the Diet Diary element found similar limitations to using the app,              
such as the incomplete database and the difficulties in weighing items in order to add them                
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to the food diary. Despite this, it was noted that those in Control group would benefit from                 
receiving motivational messages such as when the diet is deplete in certain nutrients. 

Fruit & Vegetable Challenge app element 

Figure 14 represents the open comments from those who were assigned to the experimental              
group: 
 

 

Figure 14: Fruit and Vegetable Challenge element – Word Cloud for the Experimental group 

  

Respondents perceived the app as too basic in terms of how the respondents were required               
to record their fruit and vegetable consumption, by using plus and minus icons. As a result,                
some respondents wouldn’t use the app in the future as it wouldn’t be beneficial. Despite               
this, some respondents found that the app was motivational as it increased their awareness              
of the number of portions they had consumed each day. The app included notifications to               
remind respondents to enter their fruit and vegetable consumption; however the reminders            
were sent at inappropriate times during the night and therefore were not perceived as a               
helpful aid. The app didn’t allow respondents to track the number of portions consumed over               
several day as it reset to zero each night and therefore couldn’t be used to assess                
progression over a set duration. Respondents suggested that the app needed to be             
improved in order to make it more usable and engaging. Such improvements included             
providing guidance on portion sizes and information regarding the beneficial nutrients in            
different fruit and vegetables. The ability to track progress over several days would be              
advantageous and the inclusion of graphs would allow respondents to see their consumption             
and would make the app more engaging.  

Figure 15 represents the open comments from those who were assigned to the control group               
in the fruit and vegetable element of the PRECIOUS app study. 
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Figure 15:  Fruit and Vegetable Challenge element – Word Cloud for the Control group 

 

Overall, respondents found that the app needed to be more user friendly and suggested              
some improvements should be made, in particular making the app more engaging. Further             
information pertaining to fruit and vegetable intake should be provided, such as why             
consuming fruit and vegetables is beneficial to health and which fruit and vegetables are              
most nutritious. The app should provide information relating to portion sizes to enable             
respondents to enter the correct quantities and should allow respondents to set goals for the               
number of portions that they should consume. On entering the number of portions that              
respondents have consumed, the app should prompt for the type of fruit or vegetable; this               
may allow the app to calculate the quantities of micronutrients that the respondents have              
consumed from fruit and vegetables alone. Some respondents thought that the app would be              
more suitable for other aspects of the diet, such as recording the number of alcohol units                
consumed. The app was deemed to be too basic and therefore was not motivational.              
When entering the fruit and vegetable intake, respondents found it challenging to know what              
was counted as a portion of fruit and vegetables as there wasn’t any information pertaining               
to portion sizes, and whether a second piece of the same type of fruit or vegetable counted                 
towards their five a day. The app reset the fruit and vegetable count to zero each night, and                  
therefore respondents were unable to track the amount of fruit and vegetables that they had               
consumed over several days. Despite this, some respondents found that the app had made              
them more aware of the amount of fruit and vegetables they were consuming, and thought               
that it may be motivational for those who do not currently have a healthy diet. The app                 
provided reminders for respondents to update their fruit and vegetable intake; however            
these were too frequent and on some occasions were at inappropriate times. 

Respondents who used the Fruit and Vegetable element found consistent limitations to using             
the app, such as the lack of information pertaining to portion size the inability to track fruit                 
and vegetable intake over time. Despite this, the Experimental group found the app             
increased their awareness of the number of portions of fruit and vegetables that they were               
consuming. 
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3.5.4 Conclusions 

As part of the PRECIOUS project, which aims to develop a system that enables monitoring               
key risks in developing Type 2 Diabetes and Cardiovascular diseases via the development             
of a novel tool (PRECIOUS app) to monitor food/drink intake. This intervention study             
proposed to assess the usability of two app elements (Diet Diary and Fruit & Vegetable               
Challenge) and the ability of the motivational aspects of the app to positively influence              
motivation and food/drink intake logging behaviour. 
  
Three types of data were collected over the course of the experiment: quantitative and              
qualitative app usage data (implicitly collected), quantitative self-reported survey data          
(non-implicitly collected) and qualitative self-reported survey data (non-implicitly collected).         
Both the quantitative and qualitative self-reported survey data enabled concluding on the            
app usability, whereas the usage data (in terms of logging behaviour) and the quantitative              
self-reported survey data (in terms of motivation) enabled concluding on the impact of the              
app’s motivational aspects. 
  
For both app elements, the statistical analysis of the app usage data showed weak              
evidence of a positive change in terms of food/drink items logging behaviour following             
the motivational aspects of the app being turned on based on frequency of logging              
food/drink items and number of items logged per day. 
  
The statistical analysis of the quantitative self-reported data provided further evidence of            
behaviour change, including increased motivation, whilst taking into account the few           
attitudinal and behavioural differences that existed between the control and the experimental            
groups before the motivational aspects of the app had been turned on for the experimental               
group (day 0 and day 7 data). For the Diet Diary app element, the key findings related to                  
the higher motivation, enjoyment (of using the app) and understanding (of food            
intake) levels in the experimental group than in the control group. At the end of the                
study (day 14), the level of motivation related to the goal setting approach of the app                
(borderline significant statistically) and the level of food intake understanding (not statistically            
significant) were on average higher in the experimental group than in the control group.              
Between day 7 and day 14, the control group also showed a significant decrease in               
motivation (‘the goals helped stay motivated’ statement) and enjoyment (of using the app),             
which were not observed for the experimental group. For the Fruit & Vegetable Challenge              
app element, the key findings related to the higher interest level (in monitoring             
food/drink consumption), the steeper increase in awareness (of the amount of fruits            
and vegetables consumed) and the higher willingness (to be more conscious of the             
fruits and vegetables consumed), as well as the higher belief that this app can help               
improve diet quality. There were statistically significant or borderline significant differences           
between the control and the experimental groups at the end of the trial: the experimental               
group had a higher interest in monitoring food/drink consumption, higher belief that the app              
could help them improve the quality of their diet and higher willingness to be more               
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conscientious about the fruits and vegetables consumed. Throughout the experiment,          
awareness of the amount of fruits and vegetables consumed also increased faster            
(statistically significant) in the experimental group than in the control group. 
  
The analysis of the qualitative self-reported data also showed the extent to which using              
an app could positively influence food choice and provided particularly useful           
information in terms of app usability, which would be worth taking into consideration             
for improvement of the app. For both app elements, participants commented on both             
positive and negative aspects of using the app (for 14 days) but also provided suggestions to                
increase satisfaction, particularly in terms of user-friendliness. Control and experimental          
groups were found to provide very similar feedback, particularly highlighting necessary           
improvements. For the Diet Diary app, participants positively commented on increased           
awareness of what was consumed as a result of using the app. An incomplete and               
inaccurate database (linked to data entry, feedback and nutritional content not matching the             
product packaging), non-flexibility (new items could not be added) and inconvenience (need            
to weight items to enter the portion size) were however reported. Amongst the suggested              
improvements were the inclusion of a favourite list of items (to save time for              
recurrent/consistent meals) and (further) motivational messages (e.g. when the diet is           
lacking in a particular nutrient). For the Fruit & Vegetable Challenge app, the positive              
aspects of the app included easiness of use and some increase in awareness (although              
mostly for those with poorer diet). The app was however found very basic in design and                
therefore not very motivating. The inability to track past consumption (and assess            
progresses), issues with reminders/notifications (wrong times and frequencies), the difficulty          
to enter data in terms of knowing what to count as a portion (lack of guidance) and the lack                   
of suggestions/recommendations (nutritional content and why the item is beneficial) were           
amongst the negative aspects most often reported. 
  
This intervention study showed that despite the app not being very user-friendly yet, it              
did increase interest, awareness and/or willingness to improve what is consumed to            
some extent amongst users and its motivational aspects had the ability to positively             
influence motivation and food/drink intake logging behaviour. Acknowledging the fact          
that behaviour change typically takes more than a couple of weeks to become established, it               
should be mentioned that the overall trial and assessment period of 2 weeks was not long                
enough (and the number of participants also not high enough) to always show statistically              
significant differences between control and experimental groups as well as changes over            
time within the experimental group related to the motivational tools of the app specifically. 

4. Sensor & Home-Environment Studies 

4.1 Heart-rate monitoring acceptance study 

The aim of this study was to analyze the usability and the acceptability of the system                
composed with heart rate sensor and monitoring report. In order to collect perceptions from              
every involved participant, we asked them to use each system for twenty four hours              
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continuously, and then to answer a questionnaire and to explain us their experiences. As a               
consequence, taking into account the important amount of time and intrusiveness in the daily              
life, each participant of this study was considered as a super user. Thus, our quantitative and                
qualitative results come from opinions which are founded from a true life experience. 

4.1.1 Description of the 29 participant’s sample 

Using contacts with local associations, institutional organizations, hospitals and graduate          
schools nearby Brest (France) 29 participants were recruited. 

This 29 participants sample was representative with respect to gender with 14 women and              
15 men. They were an average 46.6 years old (±15.9) and 169 cm (±10) tall in average and                  
weighted 70 kg (±18.2). 

Within the participants 6 women and 7 men regularly consulted a specialist about a chronic               
disease such type II diabetes, cardiovascular disease or obesity. Referring to the deliverable             
2.1 “List of Usage Scenarios and User requirements”, we studied the four different             
categories of target users: Student, single worker, mother or father in a family unit and               
retired person living in couples. More precisely, the following people took part into the              
round-the-clock heart rate monitoring study: 

(i) Six students including two persons with chronic disease and four healthy participants; 

(ii) Eight members from family units including four persons with chronic diseases; 

(iii) Eight retired persons including four persons with chronic diseases; 

(iv) Seven single workers including three persons with chronic diseases; 

4.1.2 Protocol 

Participant tested the types following types of heart rate sensors (Figure 17). 

● The Firstbeat bodyguard 2 (2 points electrodes) 
● The Suunto smart sensor (chestbelt) 
● The PulseOn watch (smartwatch) 

Each sensor presented different characteristics (Table 21). 
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Figure 16: The 3 tested HR sensors 

Table 21 -  HR Devices Features 

 

Each participant first received instructions on how to use the device. Then they wore the               
sensor for twenty hours continuously and completed a diary detailing their physical activity,             
work and sleep times. At the end of the twenty four hours period, the HR report (Figure 17)                  
was generated and discussed with the participants by a specialist. Based on heart rate              
variability analysis from the Firstbeat analytics algorithm, the report provided users with            
stress and recovery times. Proportions and quality were given about the whole twenty four              
hours. “Physical activity analysis” was more detailed with light exercise and reinforcement            
activity description, peak training effect and kilocalories burned. Specifically, “work analysis”           
gave the stress and recovery proportion whereas “sleep analysis” also showed the quality of              
recovery, still based on heart rate variability. Each participant tested the three heart rate              
devices in a counterbalanced order. 
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Figure 17: Twenty four hours Firstbeat report example for the participant 2. 

4.1.3 Data Collection 

After each device 24 hours test, participants completed a usability questionnaire (ten            
questions from the System Usability Scale (SUS) (Brooke, 1996). This is a well-known             
questionnaire used to obtain a usability score and an acceptability score. 

At the end of the study, participants completed a comparison’s questionnaire to try to identify               
which device was more appropriate for which activity. Since anonymous personal           
information was gathered, links between people characteristics and devices preferences          
could also be retrieved (Figure 18). 
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Figure 18: Experimental design overview including questionnaires 

4.1.4 Results 

1)    Usability & Acceptability 

a)    Overall usability 
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First of all, we remind that “usability is the degree to which a system can be used by                  
specified consumers to achieve quantified objectives with effectiveness, efficiency, and          
satisfaction in a quantified context of use” . 

Our first results came from the well-known SUS. As recommended by Brooke (1996) we              
adapted the ten questions to assess the usability of the heart rate sensors in the               
“round-the-clock” (twenty four hours use) context. The main concern of this scale was to              
provide Human-Machine Interface searchers with a usability score. It has been validated            
than a score above the threshold of 68 meant that the system was usable. By this respect,                 
results clearly revealed that the electrodes (median=80) and the chestbelt (median=77.5)           
were usable while the smartwatch was not (median=65) (Figure 4). 

This result was consistent with the statistical analysis which revealed that there was no              
difference between electrodes and chestbelt usability’s (p>.05) whereas the electrodes were           
very significantly more usable than the smartwatch (p<.01). and the chestbelt was            
significantly more usable than the smartwatch (p<.05).  

 

Figure 19: Heart rate sensors usability scores 
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To better understand the usability deficit of the smartwatch, we went deeper into details by               
analyzing participant’s answers for each system and each usability scale dimension. 

First of all a principal component analysis (PCA) illustrated the explaining variables and the              
positions of individuals from our SUS data set (Figure 20). 

The PCA revealed a consistent relationship between the variables. Indeed, intention to use,             
ease of use and reliability are grouped together while constraints, complexity and help             
required are at the opposite. Then the individuals’ positions on the graph showed at least               
that each individual perceived each device differently because the same numbers were not             
often grouped. We can also see many electrodes (i.e. “e”) and chestbelts (i.e. “c”) near of the                 
positive dimensions (i.e. “ease”, “intention”, “reliability”) and many smartwatches (i.e. “s”)           
near of the negative dimensions (i.e. “constraints”, “complexity”, “need.help”). Following a           
more precise statistical comparisons revealed the reasons of these positions. 
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Figure 20: Principal component analysis showing explaining variables and individual. The 
letters e, c & s mean electrodes, chestbelt & smartwatch and the numbers corresponds to 

the participants. 

 

Figure 21: the 10 System usability score dimensions 
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From a comparison analysis it has been revealed that the dimensions “Complexity”, Ease of              
use”, “Reliability” and “a lot to learn” were responsible for the low usability score of the                
smartwatch (Figure 21). It was identified that the electrodes were perceived as requiring very              
significantly (p<.01) less help than other devices. 

b)    Overall acceptability 

Referring to Davis (1989) acceptability is how people will accept to use new technology in               
the daily life. More precisely, the theoretical foundations of the Technology Acceptance            
Model (TAM) describes that two factors influence acceptability: The perceived usefulness,           
i.e. “the degree to which a person believes that using a particular system would enhance his                
or her performance” and the perceived ease-of-use, i.e. “the degree to which a person              
believes that using a particular system would be free from effort”. 

Taking into account the perceived usefulness and the perceived ease of use only, results              
revealed that the electrodes and the chestbelt were more usable than the smartwatch             
(Figure 22). It is believed that the perceived usefulness was actually the perceived reliability              
of the devices. Thus, these results support the ones from the usability study where the deficit                
of the smartwatch was observed on the variables “ease of use” and “reliability” shown on the                
Figure 21. 

Discussions with participants mainly revealed that the issue of charging the smartwatch            
twice to obtain a round-the-clock parameter is an important “ease of use” problem. They also               
reported that the data looked considerably less reliable than the other two devices, with it               
reporting some strange unexplainable patterns. This was a significant reliability problem           
which apparently decreased the perceived usefulness.   
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Figure 22: Heart rate devices overall acceptability 

c)    Acceptability by gender 

In the womens group, the respective acceptability of each heart rate device were quite              
similar (Figure 23) while in the men group the chestbelt was perceived as slightly less               
usable. Apparently, this result came from a deficit of the perceived ease of use (mean=3.4)               
but unfortunately no collected verbal explanations could explain this (Figure 24). 

Page 69 of 108 
 



 

 

D5.2 

 

  

Figure 23: Heart rate devices acceptability in the womens group 
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Figure 24: Heart rate devices acceptability in the men group 

d)    Acceptability by health 

Among the participants with chronic diseases, the electrodes appeared to be the most             
acceptable device with an acceptability average score over 8.3 while other devices scores             
remained lower with 7.714 for the chestbelt and 7.429 for the smartwatch (Figure 25). 

Among healthy people, chestbelt reached the best score especially because of a high             
perceived usefulness (i.e. reliability) (mean=4.286) while other devices scores remained          
lower with 3.857 for the electrodes and 3.571 for the smartwatch (Figure 26). 

Discussion with participants revealed that the “plug and play”-like use of the electrodes with              
no button and no battery issues were appreciated. However participants with chronic            
disease were not disturbed by the requirement to glue stickers because they were familiar              
with them whereas healthy participants were not used to this and found it cumbersome.              
Especially for two hairy men who could not stick them properly.  

Remarks that the smartwatch data was not reliable appeared regularly during discussions.  
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Figure 25: Heart rate devices acceptability for people with chronic disease 
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Figure 26: Heart rate devices acceptability for healthy people 

e)    Acceptability by amount of physical activity 

In the sportive participants group (two or more regular sport activities), the chestbelt was the               
most acceptable with a high score of 8.455 while electrodes reached 8.091 and smartwatch              
remained below 6.5 (Figure 27). Sportive participants mentioned that the chestbelt was the             
better compromise because it was reliable, waterproof and it displayed the heart rate in real               
time. 
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Figure 27: Heart rate devices acceptability for sportive people 

Among less sportive people no difference appeared except that the perceived ease of use              
mean score of the smartwatch (3.688) was slightly lower than the electrodes (4.062) and              
chestbelt (4.188). 

Many participants described that the reliability of the data from the smartwatch was even              
worse during physical activity. 
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Figure 28: Heart rate devices acceptability for less sportive people 

f)    Conclusion of usability and acceptability study 

In general the electrodes and the chestbelt were perceived as more acceptable than the              
smartwatch. Furthermore, the smartwatch was perceived as not being usable for a            
round-the-clock utilization. 

More precisely, the electrodes were perceived as very acceptable for people with chronic             
disease and for men. 

The chestbelt was perceived as very acceptable for sportive people and for healthy people. 

Finally, the smartwatch was perceived as less acceptable for sportive people due to             
reliability of data issues. 

 

2)    Intention to use depending on the task 

Features of different devices could lead to modifying intentions to use the devices for the               
participants depending on the task they wanted to monitor. By this respect participants may              
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choose one device to measure physical activity, and another device to evaluate sleep or              
assess stressful situations. 

a)    Physical activity 

For physical activity fourteen participants chose the chestbelt, eleven chose the smartwatch            
and only 2 the electrodes (Figure 29). 

This mainly led to the belief that people did not prefer to use electrodes to practice physical                 
activity. Discussions revealed that the main reason for this was the impossibility to consult              
the heart rate in real time. 

The Chestbelt was chosen because of the better compromise between reliability, real time             
heart rate and the waterproof feature. 

Smartwatch was mainly chosen because of its discretion. 

  

Figure 29: Heart rate devices preferences for physical activity 

b)    Sleep 

In terms of sleep, participants chose in an approximately similar pattern the electrodes (10),              
the chestbelt (8) and the smartwatch (9) (Figure 30). 
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When choosing the electrodes, users mentioned the reliability in any sleeping positions and             
the good autonomy of the battery. 

When choosing the chestbelt, it was mentioned the best compromise between reliability and             
ease of use (no need to glue). Users also explained that the electrodes were disturbing and                
that the smartwatch scratched the wrist. 

When choosing the smartwatch, participants identified the simplicity to keep the watch at the              
wrist and also pointed that they hoped for a better battery autonomy in the future. 

  

Figure 30: Heart rate devices preferences for sleeping 

c)    Stressful situation 

To monitor data in stressful situations, participants more often chose the smartwatch (10)             
and the chestbelt (9) than the electrodes (6) (Figure 31). 

As in physical activity participants claimed they found the ability to check the heart rate in                
real time to manage stressful situations useful. Some participants also explained the            
electrodes were not discreet enough to wear summer clothes. 
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Figure 31: Heart rate devices preferences for stressful situation 

d)    Conclusion of intention to use depending on the task 

It appeared that participants found it important to be able to consult the real time display of 
the heart rate except during the night. Thus we could recommend the use of: 

● The electrodes during the night to ensure the reliability, 
● The chestbelt for physical activity for real time display and waterproof needs 
● And the smartwatch for stressful situation at work because of its discretion. 

3)    Motivation effect 

To investigate how much the use of a heart rate sensor would motivate users to improve                
their healthy lifestyle, we asked participants whether they thought they would improve            
physical activity, sleep and stress if they could use one of the heart rate devices. This                
question was posed after having worn the three kinds of devices for twenty four hours each. 

Answers revealed that participants expected to improve their physical activity (mean=3.8/5)           
but they did not plan to increase the quality of their sleep (mean=1.9/5) or the amount of                 
stressful situation (mean=1.6/5). 

Discussions with participants revealed that for physical activity, the monitoring just showed            
them they could practice more and it was easy to understand how to fill the dashboard more                 
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effectively. However, for sleep and stress, participants focused on the lack of solutions. In              
other words, they said that the sensor and the report could not tell them how to improve                 
sleep quality or how to manage stressful situations better (Figure 32). 

  

Figure 32: Motivation to change using monitoring system per task 

 

4)    Sharing behaviours 

After having done the three round-the-clock heart rate monitoring experiences, participants           
claimed their intentions to share the reports with their relatives or their general practitioner.              
Basically, only ten participants among twenty nine would share their reports with their             
relatives whereas fifteen would share them with their general practitioner. 

a)    Sharing behaviours with relatives per task 

Nine participants stated they would share physical activity reports with their relatives. They             
explained that it could be a motivating factor to practice more. Only five participants would               
be interesting in sharing their stress reports with relatives. Some participants explained that             
it could be useful ch to know the view of other people, and some others said it was rather                   
private (Figure 33). 
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Figure 33: Intention to share reports with relatives depending on the task 

b)    Sharing behaviours with general practitioners by task 

When asking for the participants intention to share the reports with their general             
practitioners, ten participants answered they would share physical activity reports, four           
participants would share their sleep report and four participants would share their stress             
reports (Figure 34). Users mentioned it could improve the relevancy of the next meeting with               
the general practitioners or it could even prevent from a more serious problem in the case of                 
unusual values. Here it was interesting to note that among the participants who wanted to               
share the physical activity reports, seven of ten had a chronic disease. However, for the               
sleep report only two on four had a chronic disease and for stress only one out of four. Thus                   
there was no evidence that people with chronic disease were expected more often to share               
their health report with their general practitioner. This last remark was not consistent with the               
interview of a cardiologist who explained that it would be interesting to receive patient heart               
rate analysis reports to detect earlier potential problems and increase the quality of the              
monitoring. 
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Figure 34: Intention to share reports with doctor depending on the task 

 

4.1.5 Conclusion 

Participants experience of the round the clock heart rate monitoring system mainly revealed             
that the electrodes and the chestbelt were more usable. More precisely, participants with             
chronic diseases found the electrodes more acceptable and healthy and sportive people            
gave more credits to the chestbelt. There is a consensus about the smartwatch which was               
perceived as less acceptable and even not usable in general because of the battery              
autonomy limitation and the low reliability. However this conclusion could be partially linked             
to the equipment we used for this experimentation. Indeed, new equipment proposes at least              
a better autonomy. 

Considering the different tasks, results revealed that the electrodes seemed better for sleep,             
the chestbelt seemed better for when carrying out physical activities and the smartwatch             
could be better to manage stressful situations. These previous results were partially            
explained by the requirement of reliability during the night in any sleeping positions and              
during sport. The need of real time display also explains these results. 
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It also appeared that the monitoring system would mainly motivate participants improve their 
physical activity. One limitation pointed out by the users was that they did not know how to 
improve their sleep quality and their reaction to stress. 

Eventually participants would mainly share their physical activity reports with relative and 
doctors. Most of the participants found sleep and stress reports more private. 

4.2 Home sensors acceptance study 

End-user tests were performed in the Experiment’HAAL living lab according to the            
Wizard-of-Oz principles. The objective was to collect user recommendations regarding          
acceptance on the overall functionalities, interfaces, data visualization & consultation, ethics           
& privacy. According to different researches which have shown that most of the usability              
issues appears with the first end-users tests (Faulkner, 2003; Nielsen, 1994), we assumed             
that the results coming from our first eight end-users could highlight some important             
strengths, weaknesses and other preferences about their experience of the PRECIOUS           
system. When appropriate, we used the theoretical framework of the Technological           
Acceptance Model (TAM) (Davis, 1989) to describe users’ perceptions of the PRECIOUS            
system. 

4.2.1 Description 

Environmental sensors were deployed in the living lab which is replica of an apartment. In               
the home user space they were all connected with xAAL which played the role of a                
transparent sensors/actuators layer. 

4.2.1.1 Living lab and settings 

The participants received instructions about the living lab in order to understand the whole              
PRECIOUS system. Sensors, dashboard and notifications have been presented together: 

● Sensors: thermal comfort (i.e. temperature and humidity), sound, light, personal 
scale. 

● Dashboard: a web UI presenting the raw data as graphics or gauge. 
● Notifications: one or two examples of notifications has been be presented to the 

users in order to show the potential use of the data collected in the home user space: 
message texts on TV or smartphone displaying alert according to air quality, etc. 

Consequently, users interacted with sensors-HMI-notifications during the test. The         
experimentation assumed that all the system was well installed and working. In other words,              
it means that we did not evaluate the system configuration or installation but we only focused                
on the PRECIOUS system utilization. 
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4.2.1.2 User storyline: environmental sensors 

The following scenarios of the daily life were used: 

1. “After work, you come back home and when you arrive, you check your dashboard               
showing data related to your home environment which summarizes information regarding air            
quality (temperature + humidity), sound level and light quality.” 

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 was acting in the system and tried to understand its related                 
data. In the second scenario, the user was in a passive position and the system delivered                
notifications related to the home environment and predefined recommendations/alerts. 

4.2.1.3 User storyline: weight monitoring 

The following scenarios of the daily life were presented: 

1. “After a shower you want to check your current weight. 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. “In the morning you will receive a notification on your smartphone reminding your              
objective and your progression. ” 

4.2.2 Data collection 

After having experienced the system, the user’s feedback was collected through           
questionnaires. Most of the questions required the participants to estimate their potential            
“intentions to use” on a Likert scale composed of five items: 1. “Totally disagree”; 2. “Rather                
disagree”; 3. “No position”; 4. “Rather agree”; 5. “Totally agree”. 

4.2.3 Results 

Acceptance 

• Thermal comfort sensors: All eight participants found the thermal comfort information            
useful (mean=4.5/5) and easy to use (mean=4.9/5). Thus it seems very acceptable. Seven             
of the eight participants claimed the connected thermal comfort sensors more useful than a              
classical one and did not think it would disturb them in the daily life. 

• Sound Level sensor: Seven of the eight participants found the sound level sensor useful               
(mean=4.5/5) and easy to use (mean=4.6/5). Seven of the eight participants also found the              
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connected sound sensor more useful than a classical one. No participant thought it would              
disturb them in the daily life. 

• Light level sensor: Five of the eight participants found the light level sensor useful               
(mean=3.4/5). One participant claimed that it is not useful at all. Thus it was not relevant to                 
ask them the next questions. All seven of the remaining participants found the light level               
sensor easy to use (mean=4/5). Six of the seven participants found the connected light              
sensor more useful than a classical one. 

• Connected Bath Scale: Seven of the eight participants found the personal scale useful              
(mean=4.8/5) and easy to use (mean=4.7/5). Six of the eight participants found the             
connected personal more useful than a classical one. 

Although it is not relevant to perform any statistical comparison on a eight participants              
sample, perceived usefulness and ease of use responses lead to the possibility that future              
users would find the thermal comfort sensor (total=9.4), the sound sensor (total=9.1) and the              
connected bath scale (total=9.5) more acceptable (see figure 1) than the light (total=7.4).             
Moreover, almost all participants claimed that it is more useful to use connected devices              
than classical one’s whatever the sensor. 
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Figure 35: Means scores of perceived usefulness & ease of use depending on the sensor 
types 

4.2.3.1 Notifications 

First of all, all participants wanted to be able to set up notifications about environmental               
events (e.g. out of range temperature, long unusual noise, etc.). We noticed that they also               
wanted to be able to block notifications whenever they wanted. 

After experiencing each environmental sensor, the end users were required to choose one             
device they would like to receive notifications from. Participants claimed they expect to set              
up the system to receive the notifications “on the mobile phone” mainly (13 times). TV (6)                
and computer (7) were well represented too, but wishes for notifications on other devices              
remained very rare (see Figure 36). 

  

  

Figure 36: Numbers of participants wishes per support to be notified about environmental 
events 
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4.2.3.2 Sensors Locations 

● All eight participants would install the thermal comfort sensors in the living room and              
in the bedroom while only half of them would like to install it in the kitchen and in the                   
bathroom. 

● Seven of the eight participants would put the sound level sensors in the living room;               
six would put it in the kitchen and 6 in the bedroom. 

● Six of the seven participants would put the light level sensors in the living room; five                
would put it in the kitchen and three in the bedroom. 

In brief, participants claimed they would like to locate sensors in the living room and in the                 
bedroom (see Figure 37). 

  

Figure 37: End users sensors locations preferences 

4.2.3.3 Sharing Data with General Practitioner 

Most of the participants would like to share the data from the home sensors with their                
general practitioner. The greater score was for the data from the connected bath scale. More               
precisely, six of the eight participants would accept sending their weight monitoring data to              
their general practitioner. Five end users claimed they would share thermal comfort and             
sound data to obtain a medical advice. Finally four participants would send their data about               
the light (see Figure 38). 
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Figure 38: Numbers of end users intentions to share data with their general practitioner 

4.2.3.4 Behaviour Changes Expectations 

In order to take into account the end users’ intentions to change, we asked the following                
question: “Do you think using this sensor will change your daily behaviour?” On a scale from                
1 to 5 (op.cit.), participants’ answers revealed a mean score of 4.6 for the thermal comfort                
sensors, 3.2 for the sound level sensor, 2.7 for the light level sensor and 3.7 for the                 
connected bath scale (see Figure 39). 
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Figure 39: End users behaviour change expectations means scores 

4.2.4 End users tests discussion 

We expected to be able to understand whether the PRECIOUS system was acceptable to              
provide users with context awareness, why and how. According to the TAM (op. cit.), these               
first results lead to us understanding that connected environmental sensors would be well             
accepted by the end users since their perceived usefulness and perceived ease of use              
scores were very high. 

The end users seemed particularly interested in locating environmental sensors in the rooms             
where they live the most often: the living room and the bedroom. 

It was also clearly showed that participants wanted to use connected sensors to receive              
notifications. Indeed, this would not be not possible with classical sensors. Moreover, end             
users pretended they would like to share health information with their general practitioner.             
These results corroborate the main idea that more accessible information could contribute to             
an increase in healthier behaviours and thus would empower people to improve their health. 
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Eventually, discussions with participants revealed that the motivations to use such a system             
aimed at improving the well being and the quality of the living environment in general. These                
claims were consistent with the strong expectations to change their behaviours thanks to the              
connected devices (especially thermal comfort and bath scale). However it was important to             
take into account the main fear of the end users: they want to control the system (i.e. set                  
thresholds, block notifications, etc.) and not to be control by the system (untimely             
notifications, intrusive warnings, etc.). 

4.2.5 Conclusions & Future Work 

In this chapter, we evaluated an infrastructure using xAAL and MQTT (our PRECIOUS             
home-automation protocols) in order to offer the possibility to use home automation            
sensors/actuators in PRECIOUS. It offers access to home environment data in order to have              
a better understanding of the user context, i.e. environmental factors such as thermal             
comfort, noise and luminosity levels. But, it also gives capabilities for developers of health              
applications to integrate feedbacks in order to engage users and help them to change their               
behaviour. Finally, the infrastructure allows the potential to build in persuasive technology. 

The subjection of the system to the end-users during tests in the Experiment’HAAL living lab               
allowed a good acceptance of the system. However to get deeper into usability investigation,              
it would be interesting to setup the system in participants’ own house to provide them with a                 
true long experience of the PRECIOUS system. 

5. User & Developer Studies 

5.1 Introduction 

Designing tools for technology-supported adoption of a healthy lifestyle as aimed for by the              
PRECIOUS framework requires user involvement in order to ensure effective technology           
design results. The UNIVIE studies took a human-centred perspective on experiences with            
technology that supports fitness activities, aiming at exposing the PRECIOUS framework           
concept as developed in the course of the PRECIOUS project to prospective users to the               
end of gathering in-depth feedback and suggestions originating from their own practice            
point-of-view. 

Focusing on a mainly preventative care setting, the prospective user-group of           
young-tech-savvy persons was chosen as subject of inquiry. Two studies were conducted            
with this user group, as described in the following chapters: (1) Design workshops and (2)               
developer studies. 

5.2 Design Workshops 

5.2.1 Context within the PRECIOUS project and motivation 

The PRECIOUS project aims at developing a preventative care system to the end of              
supporting users with developing and sustaining a healthier lifestyle. Maintaining health and            
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wellbeing constitutes a complex goal which comprises of tasks and sub-goals of various             
domains like physical activity, nutrition and facilitating traits like a positive mind-set and a              
motivated, sustained pursuit of goals. Acknowledging the heterogeneous nature of possible           
physical conditions and statures and influencing physiological factors users of a preventative            
care system can exhibit, of motivational types and receptiveness to and interest in various              
different possible forms of activity or nutritional behaviour, the PRECIOUS care system            
implements a Virtual Individual Model (VIM) in order to better determine and suggest to the               
user on an individual basis what reasonable and meaningful choices and activities towards             
the goal of a healthy lifestyle can be. This VIM constitutes one of the core elements of the                  
PRECIOUS framework, which takes the position of a middle-ware in between the intricacy of              
mentioned possible constellations of influencing factors on one hand and the individuality of             
the user on the other, also serving as a common ground between users and app developers. 
 

5.2.2 Research Interest and Methodology 
 
Two design workshops were conducted to explore the role of such a framework from a user                
perspective. The goal was to conduct participatory design activities with possible users in             
order to better understand the challenges of developing and sustaining a healthy lifestyle             
and how an individualized framework middleware can play a supportive role with this. The              
perspective taken in these design workshops is a subjective, interpretive one seeking to             
draw from the experiences of the participants as experts of their own practice with pursuing               
healthy living and technology designed to support them doing that. The subsequent analysis             
was guided by the following research question: What implications can be drawn from a              
user’s practice perspective for the design of the PRECIOUS application framework? 
  
To this end, 14 participants were recruited to participate in design activities which took place               
in the course of two workshop meetings. As described above, recruitment was directed at a               
younger, technical-savvy demographic in a choice of focusing on a user-base already            
exposed to regular smart phone and sensor technology usage and a preventative care             
usage setting. The participants were asked to participate in advance by completing a survey              
in order to ascertain their experiences with fitness goals and overall stance on a healthy               
lifestyle. 
The design workshops were planned in the style of participatory design as employed in the               
field of Human-Computer Interaction (HCI), which aims at involving prospective users of a             
technology in its conceptual ideation as well as interaction design process. Based on Visser              
et al.’s notion of Context Mapping (2005), the meetings were set up as 3 hour sessions                
comprising of multiple iterations of 1-hour activities which were furthermore subdivided in a             
“Make”-part (40 minutes), and a “Say”-part (30 minutes), followed by reflection and pause             
(20 minutes). In the “Make” part, participants were asked to collaborate in a (sub-)group              
activity, followed by a “Say” part, which entailed a discussion of collaboration results. 
  
The activities done with the participants comprised of: 
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1) A thematic collage focused on the pursuit of fitness goals and general experiences with              
fitness and technology aimed at supporting fitness. Participants were asked to form small             
groups and create collages about their experiences and perceived challenges. 

2) A show-case of the current prototype of the PRECIOUS framework application with a             
focus-group discussion about opinions and perceived potential. 

3) A planning experiment. Participants were asked to create a fitness schedule which combines             
physical activity and nutrition objectives. What does make it typical for the respective             
person? Where are the challenges day-to-day? In a further step, participants were asked to              
imagine a “magical thing” (as proposed by Iacucci et al., 2000), see also: (Howard et al.                
2002) and reflect on how it could support their efforts of developing and sticking to their                
fitness plans. 

4) A future scenario session. In this activity, participants were asked to imagine future realities              
disjunct from today’s technological constraints and guided by their ideals, wishes and            
expectations in respect to how technology should and can support healthy lifestyles. This             
activity is proposed by Vavoula and Sharples (2007). 
  
Prior to both meetings, the participants were asked for written consent with audio- and              
video-recordings as well as photography of them and their work, which, together with             
observational and conversational notes of the workshop facilitators, constituted the data           
analyzed in the process. Qualitative analysis was conducted following Braun and Clarke’s            
process of Thematic Analysis (Braun & Clarke 2014) guided by the research question. The              
different activities were analyzed in an overarching process of thematic analysis aimed at             
describing emerging themes of practice with fitness goals and the supportive role of             
technology in this context. 
 
 

  

Figure 40: Thematic collaging and focus group in design workshop session 1. 
 

5.2.3 Core Results 

The planning experiment yielded a spotlight on the complexity and variability that            
accompany the implementation of often vague fitness ideals into a fine-grained daily plan             
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and integrating it with other commitments and constraints of daily life. Departing from the              
research question, the analysis yielded two themes of challenge that come with the task of               
adopting measures for a healthy lifestyle: (1) Cognitive load or the challenge of planning and               
(2) day-to-day challenges. 
 
Cognitive load or the challenge of planning 
  
Participants frequently described how the pursuit of fitness goals can unfold in complex             
interdependencies. One participant documented reminders to take medication prior to          
planned fitness activities, two others placed several reminders to drink enough. Having a             
concrete plan was described as important by the all participants, with differences in the              
degree and extent of structuring. Participants also frequently described how fitness activities            
have bulky time requirements which, in order to integrate the activities sustainably into a              
daily routine, need to be carefully integrated with one another. 
A participant described how fitness activities need to be suggested at “the right time”,              
otherwise free time “just gets filled-up with other ad-hoc tasks”. She suggested that an ideal               
fitness application can be given a user’s itinerary and in turn identify and suggest such               
time-slots. 
 
Several participants described how the motivation to eat healthily can collide with the time it               
takes to prepare healthy food, which creates the necessity to anticipate this, e.g. by placing               
healthy eating on less busy days. Healthy eating furthermore requires in-advance           
preparation of shopping lists, which can be difficult during busy times, when food shopping is               
an ad-hoc activity that happens without planning. Another participant mentioned, that           
efficient use of time can also mean integrating activities, e.g. do certain fitness exercises              
during other activities, for example limited walking and stretching exercises during work or             
office hours. 
 
The majority of participants confirmed the importance of robust planning: Busy days make it              
hard to abide by planned fitness activities, but sticking to plans is considered important to               
sustain a healthy lifestyle. This is also where, for most participants, technology comes in: All               
participants described using digital tools first and foremost to support them with abiding by              
constraints as described above, such as to-do lists, alarm clocks, location-based reminders            
or calendars. Most participants described the use of such tools as helpful for their fitness               
task, but also criticized that, with more complex constraints, as they come with the              
practicalities of fitness plans, such tools are increasingly less helpful, as they do not cover               
reconciling conflicting constraints or adaptively reacting to real-life situations. As an example,            
one participant described that a hypothetical framework should allow for conditional           
reminders such as: “IF sleep time is fixed, remind me not to eat 2 hours prior to that time”. 
 
Day-to-day challenges 
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Participants frequently described day-to-day challenges common to many forms of pursuing           
a healthy lifestyle, which directly relate to the focus on motivational aspects inherent to the               
PRECIOUS project. The majority of participants described some form of “cheat days” as             
integral part of their planned efforts, often placed on weekend days. Two participants related              
the importance of cheat-days also to the need to reflect on the progress of fitness activities. 
  
Several participants described the importance of mental wellbeing for the ability to sustain             
fitness plans. An ideal fitness application, according to her, needs to communicate a positive              
attitude also in details such as ‘positive’ alarm clock sounds. Not surprisingly, the pursuit of               
fitness goals was overall described by the participants as a multifaceted task sometimes             
difficult to abide by, with negative experiences such as “bad conscience” behind failure or              
“frustration” named commonly as aversive to the adoption of a healthy lifestyle. Group             
dynamics can furthermore both support and obstruct this, either providing commonly pursuit            
goals in a mutually uplifting and motivating atmosphere or the collective cultivation and             
channelling of the “Schweinehund”, a German word for, roughly, one’s own weaker self. 
 
 

  

  

Fig. 41: Examples of collage and planning exercise activities. 
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5.2.4 Conclusion 

The participatory design exercises conducted with 14 participants gave a spotlight on the             
challenges met by humans interested in sustaining a healthy lifestyle and their experiences             
with technology in that context. 
  
We derive two conclusions from the workshop results: (1) A middleware technology            
designed to support the pursuit of a healthy lifestyle across the two different domains of               
physical activity and food intake as well as different types of activities respectively should              
provide practical organizational support with integrating them into a daily routine, as            
integrating such activities and related time-constraints with often busy daily schedule is            
challenging to users and described as a cause for abandonment of fitness activities. This              
validates the importance of a Virtual Individual Model defined within PRECIOUS as a tool for               
providing individual organizational support, with the extent of agency implementable into it            
remaining subject to further field testing. (2) A, in this sense, “thick” middleware framework              
needs to provide an extensive conceptual interface to the developers of health applications             
within the PRECIOUS framework in order to achieve (1). In order to support developers to               
make the most out of the personalization features offered by the VIM, the main experiment               
will focus on developers as users of the framework. 
 

5.3 Developer Study 

5.3.1 Background and Methodology 

PRECIOUS is a system developed for different stakeholders. While its core functionality is to              
improve the life of its users in terms of health-aspects, during the course of the project we’ve                 
tried to approach this key feature by creating a platform that has the potential to enable all                 
important stakeholders to interact with each other. Thus, while the majority of this report              
deals with evaluation from the perspective of its end-users, we’ve decided to also evaluate              
another important aspect for future endeavours of PRECIOUS: it’s capability to target            
developers as potential content-providers.  
 
There are different ways to gather information about developers’ views on such a platform.              
However, in order to be able to really understand their perspectives and issues with this               
central idea, it is necessary for them to gain hands-on experience on our provided tools first.                
For this reason, we’ve created a simulated environment of our platform and decided to let               
developers try and work with it in a Hackathon . A Hackathon is an event for programmers or                 
others involved in the development process where they have to reach a specific goal in a                
limited timeframe. Putting developers in a situation of pressure and then evaluating the             
results in turn also gives certain credibility to whether our core idea of a central mHealth                
platform is realistic and usable. Therefore, we’ve asked developers to create an mHealth             
app prototype that could potentially be included in our ecosystem during a 24h coding              
marathon .  
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Our evaluation consisted of two stages: first, during and after the Hackathon, we have              
conducted qualitative interviews as well as a survey regarding the attendees background,            
previous experience, general ideas about frameworks and specific questions targeting          
concept and functionality of our simulator, to be analysed by means of Thematic Analysis.              
Second, we evaluated the results themselves, i.e. the apps that were presented at the end of                
the Hackathon, and tried to gather conclusions from these implementations. We’ve also            
awarded the best evaluated ideas according to previously defined criteria.  
 
The remainder of the Hackathon-related evaluation is as follows: In the next chapter, we will               
briefly describe the development tools and environment we’ve created as well as their             
relationship to the PRECIOUS ecosystem. We then continue by briefly depicting the            
Hackathon event itself, followed by outlining the results of the implementations and our             
evaluation. Finally conclusions are drawn on the with implications for potential future            
framework designs in the mHealth domain.  
 

5.3.2 Development Tools & PRECIOUS Ecosystem 

One of the central concepts of the PRECIOUS platform for future exploitation is its capability               
to enable a multitude of different stakeholders to work easily and efficiently to the              
health-related benefit of its users. A key stakeholder group for PRECIOUS are developers:             
given that more than 45.000 mHealth publishers have been working on solutions for mobile              
smartphone platforms as of today (Research2Guidance 2015), and therefore it is essential to             
tailor PRECIOUS to this group in order to obtain and cultivate a competitive advantage in a                
real-world scenario. The basic concept of how we have addressed this target group is as               
follows: instead of letting the developers implement their apps in separate applications, we             
provide them with the tools to realise their ideas within a sandboxed-environment, running             
each app within PRECIOUS.  
  
Apart from the obvious advantages for the users in terms of privacy, security and data               
aggregation, this gives developers a whole range of new possibilities disburdening           
rapid-prototyping. First, the concept of the Virtual Individual Model (VIM) fits this            
development environment perfectly: it gives developers access to a higher-level          
understanding of user-data, without the need for filtering, adjusting or interpreting as this             
information is easily available through our interfaces. Second, this concept facilitates the            
creation of a potential ecosystem, where the main metric and currency to be exchanged is               
health improvement rather than a sole focus on monetary aspects as it is state-of-the-art as               
of today. 
Therefore, it is crucial for this concept to understand the developers’ perspective on our idea,               
and whether it is future proof in case of further exploitation efforts. 
  
In order to test this concept, we’ve created a desktop-based tool – the PRECIOUS simulator               
- which simulates the environment of a mobile app running within PRECIOUS. It gives              
developers a powerful tool to generate apps across all mobile platforms, and greatly             
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facilitates access to sensor data provided by PRECIOUS. In other words: developers can             
very rapidly create prototypes and access potentially difficult and complex data with simple             
method calls to our interface.  
 

 

Figure 42 - Screenshot of the PRECIOUS Simulator 

 
For the purpose of this study, we’ve created tools with which developers can simulate, 
modify and retrieve the following data: 
  

● Device specific-data such as current battery level, internet connectivity, etc. 
● Location data, i.e. GPS coordinates 
● Activity data, i.e. whether the user is currently stationary, walking, running, user a 

bicycle, etc. 
● Heart rate data, i.e. the user’s current heart rate in beats per minute 
● Other user-specific data, such as a unique user ID, birthday and weight 
● And an API to persistently store and modify data 

  
The PRECIOUS Simulator itself is written in JavaScript using the Electron framework. Apps             
that are being fed into the Simulator are themselves written in JavaScript, HTML and CSS,               
which are well-known and accepted languages in web development. They have access to all              
the above-mentioned API calls via a globally injected PRECIOUS script, giving access to             
methods using the ‘PRECIOUS’ namespace. 
  
We have written an exhaustive documentation on how this data can be retrieved in our               
platform, and both the simulator and documentation is available publicly on PRECIOUS’            
github page under https://github.com/preciousproject/precious-simulator. 
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5.3.3 Hackathon Event 

Planning 
Participants were recruited with flyers and posters, which were put up around the University              
of Vienna. The event was furthermore promoted via the website and different social media              
platforms of the university. Prizes were offered for the best ideas, and as it is usual at                 
Hackathons, we also offered complimentary snacks and drinks. 
  
The central Hackathon task was to code an eHealth app as a team of 1-3 persons, which                 
runs in the PRECIOUS Simulator mentioned in the previous chapter. The attendees had to              
meet the time limit of 24 hours. The setting of the task included firstly, to develop a concept                  
and secondly, to create a prototypic implementation. After the 24 hours they also had to               
present their prototype in front of the jury, which consisted of researchers of the University of                
Vienna as well as to their peers of fellow participants.  
  
The apps developed were required to fulfil the following criteria and were provided to 
participants within the task description: 

● The app should be beneficial for the user’s health in any kind. 
● There must be some interaction between app and user, this means, the app has to 

use input from the user, which of course can only be data from health sensors. 
● The app has to use at least one API of the provided framework (PRECIOUS 

Simulator). 
● The app has to be coded in HTML and JavaScript, but all kinds of frameworks which 

are based on these programming languages are allowed. 
● The app should handle error cases, e.g. if the sensor data is temporarily not 

available. 
● 24 hours is a very short period of time, so no production-ready app is expected, but 

hand-ins should be a more or less working prototype representing the core idea 
● Some suggestions for categories of apps were given: stress management, physical 

activity, sleep optimizing, food intake & recommendations, fitness planning – but this 
was not a complete list and we have emphasized that we place no limits on creativity. 

● While having knowledge about basic HTML and Javascript was certainly beneficial, it 
was not regarded as mandatory thus allowing students with different backgrounds to 
participate 

Event  
 
The Hackathon took place on September 23rd and 24th on the premises of the University of                
Vienna. At the beginning of the event, we held a short presentation about PRECIOUS and its                
motivation in order to introduce the participants into the topic of eHealth. We continued with               
presenting the task and some example apps. Beside the documentation of the API of our               
framework, we provided the code of the mentioned example apps and an empty app              
template to make the start easier for participants. As most of the participants signed up as                
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teams to begin with, the team building exercise were found be effective. Only one team               
consisted of people who did not register as a team. 
  

  

Figure 43 - Hackathon Impressions 

 
For the evaluation we chose to have two parts, an interview with each participant and a                
written survey. The interviews were kept very short and happened during the hackathon. The              
written survey was conducted after project hand-ins. Beside some general questions about            
their experience and education, the attendees were asked what they think about the concept              
of programming so called “In-Apps” for a sandbox app and also what they expect from such                
a framework. 
  
At the end of the 24 hours hackathon, breakfast was provided and an open and friendly                
environment was encouraged. The teams then presented their prototypes, where a high            
standard of ideas was found. The teams were then provided with feedback by the jury and                
other teams. 
  
A winner was then selected based on the idea meeting the criteria above. The standard of                
the ideas presented was very high. The winner was a team called “Space Jelly”. Their app                
was called  “space app” which supports the user’s fitness with gamification aspects. 
 

5.3.4 Resulting Applications 

This Chapter gives a brief overview over the apps the participating teams have created              
during the Hackathon. Apps ranged from games which require you to walk or do other               
healthy activities to progress and involved interactions with other players. 
Although no teams implemented more than the core functions of their app, they provided a               
good demonstration of what their app could be capable of in terms of being a               
health-improving app and further developments that could be carried out. 

Space Jelly 
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The winners of the hackathon was the app “Space Jelly”, which implemented an app in               
which its user can explore and conquer a fictional universe. The goal is to travel to different                 
planets by physically walking to and seizing other plants upon reaching them. Each planet              
has different natural resources which can be used in different ways depending on how rare               
or valuable they are. Taking control of a planet or fighting over it could be done through a                  
little minigame which encourages the user to do exercise. This method would also give the               
app a natural competitive multiplayer mode. 
 

   

Figure 44 - Space Jelly App 

 

Heatmap 
This app focuses on providing users with a quantified self visualization aimed at fostering a               
self-reflective attitude. It shows through a heat map how much the user has walked during               
the last day. Dependent on how the user travels, e.g. running or walking, the colour scheme                
of the heatmap changes, allowing an easy method identifying how much the user moved in a                
certain way and where. 
It is also possible to switch to an alternative mode in which the area is divided into small                  
squares. In each of these squares the movement is averaged and coloured in the respective               
color. This would provide a great entry point for future ideas regarding gamification.  
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Figure 45 - Heatmap 

 

Healthpoo 
As the name suggests, in this app the user has to take care of a creature named “poo”. The                   
poo has two stats, health and dirtiness, which both decay over time. Health can be increased                
by walking and the poo can be cleaned by keeping your heart rate low over a period of time.                   
Randomly, the poo can get sick and to get it healthy again the user must collect elixirs,                 
which can be found anywhere while on a walk. 
A suggested improvement was to include alerts, if something happened, e.g. the poo gets              
sick, or needs some more health. This also would work as a reminder to do some exercises. 
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Figure 46 - Health Poo 

MoveFit 
This app is intended for users which are sitting a lot during their normal (work) day. It is an                   
intelligent timer to remind the user to relax their body or to go for a walk in case they don’t                    
move in a certain amount of time. The interval of the reminders can be configured and also                 
in which the timespan the app should track the movement, e.g. working times. 
A suggested improvement of the app would have been to add more features to it, for                
example, a feature where the user has to beat self-specified timer and move in order to                
receive i.e. rewards. 

Fit+ 
Fit+ is an app which supports the user at his workout in a fitness studio. It is a platform to fill                     
in the workout exercises which were performed. This information is then stored so it can be                
compared with other workouts or to do some statistics. 
Possible approaches to further improve this app would be to automatically personalize and             
show suggestions for exercises, their duration and diet. 
 

5.3.5 Discussion 

For the evaluation we chose to conduct interviews with all participants followed by a written               
survey. The interviews were kept short and happened during the hackathon. The written             
survey was conducted after project hand-ins. Beside some general questions about their            
experience and education, the attendees were asked what they think about the concept of              
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programming so called “In-Apps” for a sandbox app and also what they expect from such a                
framework. 
  
Participants targeted for the eHealth hackathon were young, tech-savvy persons, mostly           
attending media informatics or communication science studies at University of Vienna. This            
resulted in a heterogeneous group of people coming from not solely technical backgrounds             
(e.g., technical middle school, enrolled for computer science university studies) but also            
participants with a more generalistic education (e.g., general education middle school,           
non-technical university studies). The age of the attendees ranged between 19 and 23. The              
main reasons participants joined the hackathon was due to the hacking challenge, the             
interest in developing applications which encourage physical activity, having the possibility to            
meet other people sharing their interests and lastly the opportunity to win a prize.  

The applications designed and prototyped in the course of the Hackathon exhibit a span of               
creative uses of the user telemetry data available to the developer. They furthermore             
demonstrate the feasibility of the PRECIOUS framework as a supporting middleware for            
developers. 

How do developers see PRECIOUS? Is this a system they could see themselves 
developing on? 

While some participants have never used a framework before others had already gained             
experience with frameworks like Cordova, React, Ionic and Bootstrap, mostly in the context             
of university courses. All participants had similar views when it came to the characteristics              
(properties) of a good framework: the learning curve should be as low as possible thus               
allowing the developer to focus more on the application they are developing rather than              
having to spend precious time on learning how to use a new tool; a thorough documentation                
depicting the entire functionality accompanied by several examples; it should also provide            
various templates, be platform independent, offer a great deal of flexibility and take as much               
as possible the work off the developers hands. 

The participants consistently reported a need for physiological data provided by the            
PRECIOUS framework - like movement, movement speed, pulse, heart rate, temperature,           
dietary intake etc. - to the developer to be already interpreted in terms of their implication on                 
the user’s health status. For example: (1) What heart rate is considered healthy or              
pathological, (2) databases containing calorie count and other nutrition-related information.          
(3) Predefined algorithms which make it possible to calculate the calories consumption            
based on the different types of activities, etc. This constitutes information that, according to              
participants, needs to be provided to developers, since they are not necessarily health             
experts. The applications are not targeting only healthy people but also people who may              
have pre-existing conditions therefore the developer should be able to access medical            
information which would allow the application to adapted to any individual’s needs and             
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wishes. Data privacy is also seen as a fundamental requirement considering the amount of              
sensitive data which has to be shared within the application.  

5.4 Conclusion 

Both studies conducted in the course of this study validated the design decision of              
implementing a middleware framework in between users and developers. Both the design            
workshops, which pointed at the complexity of reconciling organizational constraints of           
multiple fitness activities within a busy daily routine, and the developer study, which             
validated the need of providing interpretative services about health related user telemetry to             
developers, affirmed the value such a middleware holds for the success of the PRECIOUS              
framework.  
 

6. Overall Conclusions 

This report has shown evaluations of PRECIOUS from different viewpoints. Firstly, the            
PRECIOUS app as being one of the main points-of-interactions with the user, was one of the                
key elements tested among all trials. User-experience tests have shown the importance of             
including the user in early stages of development: even though many of the PRECIOUS              
sub-apps, such as the mountain climber app, were developed together with users in             
user-interaction workshops and small iterative improvements, these evaluations have shown          
for instance the need for a tutorial mode in the app explaining all functionality in detail, which                 
was later implemented in the app - apart from identifying app-specific errors and bugs that               
can never be ruled out. Generally, our early usability, acceptance, satisfaction and            
effectiveness trials have shown that the PRECIOUS app is a usable, acceptable and             
attractive solution to combat unhealthy habits. We have seen evidence for adherence of             
users to interventions suggestions by the app as compared to control groups, in particular              
with regards to the combination of physical-activity related elements in combination with the             
Firstbeat Bodyguard. On the other hand, we have also seen, in a different study, that the app                 
was capable of contributing to an increase of awareness with regards to the quantity of food                
that was consumed on a daily basis. We have also found weak evidence in terms of better                 
logging behaviour, i.e. another example for better adherence to app-interventions.          
Nevertheless, one of the main open issues that users pointed out are usability and appeal of                
the PRECIOUS app. This feedback was incorporated into the iterative development process            
of the PRECIOUS framework and future platform development should address this even            
more in order to ensure a user-centered design tailored to users’ needs and a pleasant user                
experience. One key take-away from all of the work outlined in this report is the importance                
to bring experts from this field (e.g. user-interactions designers, user-interface designers) on            
board as early as possible in order to be able to better evaluate and improve modules                
already during the development phase of an application.  

Furthermore, we have seen in several of the studies that the inclusion of more sensors to                
increase the accuracy of the data interpreted by PRECIOUS can also be seen as a point                
largely contributing to user satisfaction. The most important inclusion criteria for choosing the             
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type of sensors that should be integrated into PRECIOUS are complexity, ease of use and               
reliability - interestingly smart watches ranked lower in user satisfaction than more            
professional tools. This insight will help the PRECIOUS team in choosing future potential             
cooperations with hardware manufacturers as well as the continued development of own            
hardware-related products. In addition, we have found that more accessible information from            
the user’s potentially home-automated sensing environment could greatly contribute to          
increased healthy behaviours and thus would further empower individuals to improve their            
health.  

Last, we have proven in two further studies that the idea of PRECIOUS as a platform rather                 
than a single app has great potential when viewed by developers. We have both qualitatively               
and quantitatively evaluated this aspect with regards to developers, and found that the idea              
was perceived really well. In this domain, it is very important to provide the right and                
easy-to-use tools to support developers and foster a 3rd party development community, and             
thus increase general engagement with the platform. Having a middleware layer taking care             
of data interpretation and aggregation is also a key differentiation point to other mHealth              
solutions, and developers have confirmed this assumption.  

Overall, even though we found several potential improvement points along the user-value            
chain of the app, we can conclude, that the app, tools and platform we built have already                 
succeeded in impacting users on a smaller scale. In the future of aggregated medical and               
well-being health services, stakeholders ranging from health professionals to developers          
need to work together closely, supported by the PRECIOUS framework, to accomplish a             
common goal: improve their users’ health. 

 

 

 

 

 

 

 

  

Page 104 of 108 
 



 

 

D5.2 

 

Bibliography 

 

Abdel-Khalek, A. M. (2006). Measuring happiness with a single-item scale. Social Behavior and             
Personality: an international journal , 34 (2), 139-150. 

Ainsworth, B. E., Haskell, W. L., Herrmann, S. D., Meckes, N., Bassett Jr, D. R., Tudor-Locke, C., ... &                   
Leon, A. S. (2011). 2011 Compendium of Physical Activities: a second update of codes and MET                
values. Medicine and science in sports and exercise , 43 (8), 1575-1581. 

Alonso J. (2002). Adaptación de la versión española del Cuestionario de Salud SF-12. Instituto 
municipal de investigación médica (IMIM-IMAS). Available at: 
http://bibliopro.org/buscador/663/cuestionario-de-salud-sf-12 [Accessed Jan 2007]. 

Andrés A, Saldaña C and Gómez-Benito J. (2009). Establishing the stages and processes of change for 
weight loss by consensus of experts. Obesity, 17: 1717-1723. 

Andrés A, Saldaña C and Gómez-Benito J. (2011). The Transtheoretical model in weight management: 
validation of the processes of change questionnaire. Obesity Facts, 4: 433-442. 

Bados A, Solanas A and Andrés R (2005). Psychometric properties of the Spanish version of 
depression, anxiety and stress scales (DASS) Psicothema, 17(4): 679-83. 

Bandura, A. (2001). Social cognitive theory: An agentic perspective. Annual review of psychology ,             
52 (1), 1-26. 

Bandura, A. (2006). Guide for constructing self-efficacy scales. Self-efficacy beliefs of adolescents ,            
5 (307-337). 

BARCELLINI, Flore; PROST, Lorène; CERF, Marianne. Designers' and users' roles in participatory 
design: What is actually co-designed by participants?. Applied ergonomics , 2015, 50. Jg., S. 
31-40. 

Bardus M, Van Beurden SB, Smith JR et al. (2016). A review and content analysis of engagement, 
functionality, aesthetics, information quality, and change techniques in the most popular 
commercial apps for weight management. The International Journal of Behavioral Nutrition and 
Physical Activity, 13: 35. 

Becoña E, Gómez-Durán B, Álvarez-Soto E et al. (1992). Scores of Spanish smokers on the 
Fagerström’s Tolerance Questionnaire. Psychological Reports, 71: 1227-1233. 

Booth, M. L., Ainsworth, B. E., Pratt, M., Ekelund, U., Yngve, A., Sallis, J. F., & Oja, P. (2003).                   
International physical activity questionnaire: 12-country reliability and validity. Med sci sports           
Exerc , 195 (9131/03), 3508-1381. 

Braun, Virginia, Victoria Clarke, and Gareth Terry. "Thematic analysis." Qual Res Clin Health Psychol 
(2014): 95-114. 

Brooke, J. (1996). SUS: A “quick and dirty” usability scale. In P. W. Jordan, B. Thomas, B. A. 
Weerdmeester, & I. L. McClelland (Eds.), Usability evaluation in industry (pp. 189–194). London, 
UK: Taylor & Francis. 

Burke, L. E., Wang, J., & Sevick, M. A. (2011). Self-monitoring in weight loss: a systematic review of the                   
literature. Journal of the American Dietetic Association , 111 (1), 92-102. 

Page 105 of 108 
 



 

 

D5.2 

 

Buysse DJ, Reynolds CF, Monk TH et al. (1989). The Pittsburgh Sleep Quality Index: A new instrument 
for psychiatric practice and research. Psychiatry Research, 28: 193-213. 

Contel M, Gual A and Colom J. (1999). Test para la identificación de trastornos por uso de alcohol 
(AUDIT): Traducción y validación del AUDIT al catalán y castellano. Adicciones, 11(4): 337-347. 

Dallinga JM, Mennes M, Alpay L et al. (2015). App use, physical activity and healthy lifestyle: a cross 
sectional study. BMC Public Health, 15: 833. 

Davis, F. D. (1989). Perceived usefullness, perceived ease of use and user acceptance of information 
technology. MIS Quaterly, 13(3), 319–340. 

Faulkner, L. (2003). Beyond the five-user assumption: Benefits of increased sample sizes in usability 
testing. Behavior Research Methods, Instruments, & Computers, 35(3), 379–383. 
http://doi.org/10.3758/BF03195514 

Giulio Iacucci, Kari Kuutti, and Mervi Ranta. 2000. On the move with a magic thing: role playing in 
concept design of mobile services and devices. In Proceedings of the 3rd conference on Designing 
interactive systems: processes, practices, methods, and techniques (DIS '00), Daniel Boyarski and 
Wendy A. Kellogg (Eds.). ACM, New York, NY, USA, 193-202. DOI=10.1145/347642.347715. 

Hankonen, N., Sutton, S., Prevost, A. T., Simmons, R. K., Griffin, S. J., Kinmonth, A. L., & Hardeman, W.                   
(2015). Which behavior change techniques are associated with changes in physical activity, diet             
and body mass index in people with recently diagnosed diabetes?. Annals of Behavioral             
Medicine , 49 (1), 7-17. 

Heatherton TF, Kozlowski LT, Frecker RC et al. (1991). The Fagerstrom Test for Nicotine Dependence: 
a revision of the Fagerstrom tolerance questionnaire. British Journal of Addiction, 86: 1119-1127. 

Knittle, K., De Gucht, V., Hurkmans, E., Vlieland, T. V., & Maes, S. (2016). Explaining Physical Activity                 
Maintenance After a Theory-Based Intervention Among Patients With Rheumatoid Arthritis:          
Process Evaluation of a Randomized Controlled Trial. Arthritis care & research , 68 (2), 203-210. 

Lundahl B, Moleni T, Burke BL et al. (2013). Motivational interviewing in medical care settings: a 
systematic review and meta-analysis of randomized controlled trials. Patient Education and 
Counseling, 93(2): 157-168. 

Macías-Fernández JA and Royuela-Rico A (1996). La versión española del Índice de calidad de sueño 
de Pittsburgh. Informaciones Psiquiátricas, 146: 465-472. 

Maes, S., & Karoly, P. (2005). Self-Regulation assessment and intervention in physical health and              
illness: A review. Applied Psychology , 54 (2), 267-299. 

Markland, D. & Tobin, V. (2004). A modification of the Behavioral Regulation in Exercise Questionnaire               
to include an assessment of amotivation. Journal of Sport and Exercise Psychology, 26,             
191-196. 

McDonald, S., O'Brien, N., White, M., & Sniehotta, F. (2015). Changes in physical activity patterns after                
retirement within individuals: a series of n-of-1 natural experiments. European Health           
Psychologist , 17 (S), 518. 

McKnight, S. D., McKean, J. W., & Huitema, B. E. (2000). A double bootstrap method to analyze linear                  
models with autoregressive error terms. Psychological methods , 5 (1), 87. 

Michie, S., Richardson, M., Johnston, M., Abraham, C., Francis, J., Hardeman, W., ... & Wood, C. E.                 
(2013). The behavior change technique taxonomy (v1) of 93 hierarchically clustered techniques:            

Page 106 of 108 
 



 

 

D5.2 

 
building an international consensus for the reporting of behavior change interventions. Annals of             
behavioral medicine , 46 (1), 81-95. 

Miller W and Rollnick S (2013). Motivational Interviewing. 3rd ed. Guildford Press, New York. 

Miller, W. R., & Rollnick, S. (2012). Motivational interviewing: Helping people change . Guilford press. 

Nielsen, J. (1994). Usability Engineering (AP, Profes). Cambridge. 

Nyman SR, Goodwin K, Kwasnicka D, Callaway A. Increasing walking among older people: A test of 
behaviour change techniques using factorial randomised N-of-1 trials. Psychology & health. 2016 
Mar 3;31(3):313-30. 

Nyman, S. R., Goodwin, K., Kwasnicka, D., & Callaway, A. (2016). Increasing walking among older               
people: A test of behaviour change techniques using factorial randomised N-of-1 trials.            
Psychology & health , 31 (3), 313-330. 

Peltonen, M., Harald, K., Männistö, S., Saarikoski, L., Peltomäki, P., Lund, L., ... & Luoto, R. (2008). 
Kansallinen FINRISKI 2007-terveystutkimus. Tutkimuksen toteutus ja tulokset. 
Kansanterveyslaitoksen julkaisuja B , 34 , 2008. 

Research2Guidance “mHealth App Developer Economics 2015” (2015) 

Ryan, R. M., & Deci, E. L. (2000). Self-determination theory and the facilitation of intrinsic motivation,                
social development, and well-being. American psychologist , 55 (1), 68. 

Saunders JB, Aasland OG, Babor TF et al. (1993). Development of the Alcohol Use Disorders 
Identification Test (AUDIT): WHO collaborative project on early detection of persons with harmful 
alcohol consumption-II. Addiction, 88(6): 791-804. 

Sniehotta, F. F., Presseau, J., Hobbs, N., & Araújo-Soares, V. (2012). Testing self-regulation             
interventions to increase walking using factorial randomized N-of-1 trials. Health Psychology ,           
31 (6), 733. 

Steve Howard, Jennie Carroll, John Murphy, and Jane Peck. 2002. Using 'endowed props' in 
scenario-based design. In Proceedings of the second Nordic conference on Human-computer 
interaction (NordiCHI '02). ACM, New York, NY, USA, 1-10. DOI=10.1145/572020.572022. 

Thomas, S., Reading, J., & Shephard, R. J. (1992). Revision of the Physical Activity Readiness               
Questionnaire (PAR-Q). Canadian journal of sport sciences . 

Vavoula, G.N. and Sharples, M. (2007) ‘Future technology workshop: A collaborative method for the 
design of new learning technologies and activities’, International Journal of Computer-Supported 
Collaborative Learning, 2(4), pp. 393–419. doi: 10.1007/s11412-007-9026-0. 

Visser, F. S., Stappers, P. J., Van der Lugt, R., & Sanders, E. B. (2005). Contextmapping: experiences 
from practice. CoDesign, 1(2), 119-149. 

Ware JE, Kosinski M and Keller SD (1996). A 12-Item Short-Form Health Survey. Construction of scales 
and preliminary tests of reliability and validity. Medical Care, 34: 220-233. 

Wilson, P.M., Rodgers, W.M., Loitz, C.C., & Scime, G. (2006). “It’s who I am…really!” The importance of 
integrated regulation in exercise contexts. Journal of Biobehavioral Research, 11 , 79-104. 

World Health Organization. 2010. Global recommendations on physical activity for health. Retrieved 
from: http://apps.who.int/iris/bitstream/10665/44399/1/9789241599979_eng.pdf 

 

Page 107 of 108 
 

http://apps.who.int/iris/bitstream/10665/44399/1/9789241599979_eng.pdf
http://apps.who.int/iris/bitstream/10665/44399/1/9789241599979_eng.pdf


 

 

D5.2 

 

 

Page 108 of 108 
 


