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Abstract. Current wellness technologies are capable of monitoring wellness re-
lated parameters even 24 hours a day for multiple days. The aim of the current 
research was to study the usability, user experience, and wellbeing impact of the 
wellness analysis Firstbeat, which is based on continuous measurement of heart 
rate variability (HRV) and user activity. 42 persons in working life participated 
in an intervention study, in which their wellbeing was continuously monitored 
for 3-7 days and they received a detailed wellness report and a personal plan for 
improvement. In a follow-up questionnaire, the participants reported good usa-
bility and user experience for the system, as well as significantly reduced stress 
and increased self-esteem, while no significant changes were observed in the 
other measured aspects related to subjective wellbeing. The results suggest that 
the usage of continuous wellness measurement systems using electrodes in the 
chest area, such as Firstbeat, can be experienced positively by their users. Further 
research is needed on effective methods for utilizing the rich information from 
the measurements in achieving lasting positive changes in lifestyle. 

Keywords: Wellbeing, Wellness Technology, Firstbeat, Heart Rate Variability, 
Usability, User Experience 

1 Introduction 

With recent technological advances, continuous wellness measurements have become 
feasible for prolonged periods of time, while still preserving good measurement accu-
racy. As many commercially available wellness technologies can provide valid meas-
urements, the focus of research has shifted to also include issues such information 
presentation, user experience, user acceptance, motivating the user, and wellness im-
pacts of the technology. Given the large worldwide potential of wellness technology, 
the number of studies focusing on these issues from the user’s perspective is still rela-
tively small.   

Previous studies of heart rate monitors and activity trackers have reported both pos-
itive and negative user experiences. For example, Preusse et al. [1] found and analyzed 
various different usability and user acceptance related challenges with commonly used 
activity trackers. In contrast, Karapanos et al. [2] presented examples of how activity 



trackers can support positive user experiences, by better supporting the users’ psycho-
logical needs. For example, they can enhance the feelings of autonomy by providing 
people more control of their exercising or relatedness by connecting family members 
to joint healthy activities. Meyer et al. [3] recently found that high levels of usability 
and comfort were associated with the usage of clip, wristband, and mobile app based 
activity trackers by the users. Oh and Lee [4] identified both positive and negative user 
experience issues related to existing activity trackers and other quantified self technol-
ogies. The identified issues were related to user input, design, sharing and privacy, data 
visualization, and data accuracy, among other things. 

Ahtinen et al. [5] studied using common heart rate monitors in exercising from a 
user experience perspective. Their results suggested relatively good usability, but only 
moderate motivating impact for exercising. The findings by Ehmen et al. [6] indicate 
fairly high acceptance and qualitative user experience in response to two popular well-
ness systems using heart rate monitor belts. However, their participants also reported a 
number usability problems related to both systems. An early version of the Firstbeat 
wellness analysis using heart rate variability and activity tracking was also found to be 
time-consuming and expensive by mobile workers [7]. In addition, sleep sensing de-
vices (based on both heart rate monitoring and accelerometers) have been found to pro-
vide useful and objective feedback that is beneficial to their users [8]. 

The subjective wellness impacts of modern heart rate variability based wellness tech-
nologies such as the Firstbeat system have not been extensively studied. Instead, the 
focus has been on the validation of the technology in measuring, for example, stress 
and recovery, as well as in utilizing those measures in scientific studies (see section 
2.3). The aim of this study was to report experiences of a wellness intervention utilizing 
the Firstbeat wellness analysis, which is based on continuous measurements of heart 
rate variability and user activity. Specifically, the aim was to study usability, user ex-
perience, and subjective wellbeing impact of the analysis and its technological solution 
in a sample of people in working life. We were particularly interested in understanding 
user experiences related to continuous wellness measurements over multiple days, and 
whether it is possible to obtain lasting positive effects on subjective wellbeing by means 
of a single wellness intervention. 

2 Method 

2.1 Participants 

The participants were 42 volunteers (30 females and 12 males) participating actively in 
working life during the study. The average age of the participants was 44.3 years (range 
27-65 years). 24 participants had a lower or higher university degree and 18 participants 
did not have a university degree. 35 participants were employees and seven participants 
were entrepreneurs in organizations participating in our wellness related projects. The 
organizations were: a bank, an accounting office, two mass transit companies, a media 
company, a municipal organization, an advertising agency, a beauty salon, a child wel-
fare organization, an engineering company, and several micro companies represented 
by their entrepreneurs. All the participants were geographically from Finland, and all 
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the materials, instructions, and questionnaires were delivered in the native language of 
the participants (Finnish). As an incentive, the participants received the wellness anal-
ysis and a personal plan for improvement free of charge. 

The 42 participants included in the final data analysis reported that they used the 
Firstbeat system successfully and that they did not use any other wellness technologies 
during the intervention period. 31 participants chose the most common Firstbeat meas-
urement period of three days and 11 participants chose an optional longer measurement 
period of 4-7 days. On average, the participants used the measurement technology for 
3.5 days. The average time between receiving the report and personal plan from the 
intervention and filling in the follow-up questionnaire was 44.7 days. Previous studies 
on wellness technologies (e.g. [5]) report positive effects lasting for several weeks, and 
the current study also aimed at investigating the possible lasting effects of the interven-
tion by aiming the evaluation period (time before the follow-up questionnaire) at 4-8 
weeks. 
 
2.2 Procedure 

The implementation of the study was carried out within two projects at South-Eastern 
Finland University of Applied Sciences. Both projects aimed at studying methods for 
improving the wellbeing of employees and entrepreneurs of the participating compa-
nies by using wellness technology. The researchers and authors of this paper were com-
pletely independent of Firstbeat technologies. The goal of the Firstbeat intervention was 
to give the project participants tools for improving their own wellbeing through im-
proved wellness related self-knowledge.  

An information session was organized in each company, in which volunteer partici-
pants from each company were given detailed instructions for carrying out the analysis 
successfully, including the placement of the electrodes. In case of micro companies 
with only one participant, the same information was provided in a personal meeting. 
All the participants were told that their participation is fully voluntary and information 
from the wellness measurements, as well as information from the follow-up question-
naire is treated confidentially. The information from the wellness measurements was to 
only visible to participants themselves and the wellness specialist, who organized the 
study and gave personal feedback to participants.  

Shortly after the measurements were carried out, group meetings (employees) or 
personal meetings (entrepreneurs) were organized to help the participants in interpret-
ing their results and setting personal goals in order to improve their well-being. The 
participants received their wellness reports using encrypted e-mail or on paper before 
the meetings. In the meetings, the participants were presented with basic information 
about autonomic nervous system (e.g. the functions of the sympathetic and parasympa-
thetic nervous system), heart rate variability, the importance of exercise, and the various 
analyses presented in their Firstbeat reports were explained in detail. Finally, the par-
ticipants received personal advice in setting their wellness goals according to the 
Firstbeat method, described in the next section. 



2.3 The Firstbeat wellness analysis 

The Firstbeat wellness analysis aims at providing meaningful physiological information 
that helps people improve their overall well-being and performance. It is based on heart 
rate variability (HRV) and motion sensor measurements. The analysis and the meas-
urement technology is based on more than 15 years of development. The system is used 
by many organizations worldwide to improve the wellbeing of their personnel and it 
has also been used in numerous scientific physiological studies to study stress and re-
covery, as well as physical activity, oxygen intake, and energy expenditure [e.g. 9, 10]. 

Heart rate variability has been shown to be associated with stress and recovery. Gen-
erally, a low variability in heartbeats indicates that the body is under stress from, for 
example, exercise or psychological events. In contrast, a higher variability in heartbeats 
usually means that the body has a strong ability to tolerate stress or is recovering from 
prior stress. By accurately measuring HRV it possible to gain an understanding of the 
state of the autonomic nervous system at any given moment. The Firstbeat Bodyguard 
2 measurement device used in the Firstbeat wellness analysis has been shown to provide 
an accurate method for long term HRV monitoring during daily life [11]. 

The package given to each participants contained the Firstbeat Bodyguard 2 meas-
uring device, two leaflets of instructions, and disposable electrodes (Figure 1). The par-
ticipants were also given plenty of extra electrodes (in addition to those pictured below) 
to be able to replace them more than once per day, if necessary. The Firstbeat wellness 
system uses an electrocardiogram (ECG) with two electrodes to produce the heart rate 
variability measurements. The electrode attached to the recording device was placed on 
the right side of the body just beneath the collar bone. The second electrode was placed 
on the rib cage on the lower left side of the body. The measurement and recording 
started automatically after both electrodes were attached to the body. The device also 
included a motion sensor to estimate the amount of exercise and energy expenditure. 
 

 
Fig 1. The contents of the wellness analysis package given to each participant. 
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The system included a loadable battery with a battery life of at least six days and a 
recording capacity of about 20 days of wellness data. The weight of the system was 24 
grams. Its sampling resolution in measuring heart rate variability was 1000 Hz. The 
resolution of the motion sensor was 12.5 Hz. The battery of the device could be loaded 
by connecting the measurement unit of the device to a standard USB port of a computer. 
The USB connection was also used to transfer the data stored on the device for the 
Firstbeat software.  

When the participants started using the analysis, they received an e-mail with a link 
to the Firstbeat startup questionnaire. They were asked to give a self-evaluation related 
to their exercise, eating, alcohol consumption, stress, recovery, sleeping, health, and 
wellbeing. They also received a link to a web diary, which they could use on their com-
puters or smart phones. For each measurement day, they were instructed to mark their  
work periods, sleeping periods, exercise periods, and any other meaningful activities, 
as well as any medicine taken and doses of alcohol consumed. 

The Firstbeat measurement device is intended to be worn day and night except when 
it would come into contact with water. Typically, the participants of the current study 
removed the devices once a day for a short period when they took a shower and replaced 
the electrodes. The participants were instructed to use the wellness analysis for at least 
one rest day – or a less stressful working day – and two working days, which is the 
standard procedure for a Firstbeat analysis. 

After they had completed the measurement period, the participants received a full 
Firstbeat wellness report (2018 version) with at least seven pages. The first page of the 
report repeated the participant’s answers in the self-evaluation questionnaire. On pages 
two to four (for a three day measurement), the results from the wellness analysis were 
presented separately for each day of measurement. Each page presented the amount and 
percentage of stress, recovery, and physical exercise periods during the day. In addition, 
a timeline of stress, recovery, and physical activity periods was presented augmented 
with the participant’s diary notes. Furthermore, the following information was pro-
vided: amount of recovery during work; amount and quality of recovery during sleep 
(Figure 2); length of light, moderate, and vigorous physical activity; energy expendi-
ture; and steps taken during the day. Overall scores on a scale of 0-100 were also pre-
sented for balance of stress and recovery, restorative effect of sleep (Figure 2), and 
positive health effects of exercise. 

On page five, a summary over the whole measurement period was presented. It in-
cluded a timeline of stress, recovery, and physical activity during the whole measure-
ment period. Daily scores and overall scores (0-100) over the whole measurements pe-
riod were also presented for balance of stress and recovery, recovery during sleep, and 
health effects of exercise. A summary view of exercise and energy expenditure was 
also presented. Finally, an overall wellness score (0-100) was presented taking into ac-
count all the measured wellness aspects.  
 



 
Fig 2. A sample infobox from the report presenting an analysis of one night’s sleep. 
 
On page six they, together with a wellness specialist, set personal goals for improving 
their well-being by choosing from sixteen predefined goals related to stress manage-
ment, sleep and recovery, exercise, and nutrition (e.g. “I will attempt to go to bed early 
enough to get enough sleep”). They also had a possibility to define their own personal 
goals. A sample report in English is available on Firstbeat website [12].  
 
2.4 Questionnaire 

The main research method for collecting data from the participants concerning the well-
ness intervention was an electronic questionnaire. It consisted of three main methods: 
System Usability Scale, AttrakDiff2, and a subjective wellbeing questionnaire.  

On the first page on the questionnaire, the general instructions for the questionnaire 
were presented to the participant. The participant was instructed to input his/her partic-
ipant number sent in an invitation e-mail by the researcher, who conducted the wellness 
analysis. On the second page of the questionnaire, the participant was asked to report 
demographic information and information related to the usage of the wellness meas-
urement device. Specifically, the participant was asked to report his/her gender, age, 
education level from six alternatives, profession, occupation, and whether they work as 
an employee or an entrepreneur. Moreover, the participants reported the number of days 
they used the device to record their wellness parameters and the numbers of days passed 
since they read the report and made their personal plans. 

System Usability Scale. The widely used System Usability Scale (SUS) method was 
used as the method for evaluating the perceived usability of the Firstbeat system. On 
the third page of the questionnaire the participant was asked to complete SUS in its 
original form using a 1-5 Likert scale as suggested by Brooke [13]. At the end of the 
page, the participants also had a possibility to give qualitative comments about the us-
ability of the Firstbeat system and the usability problems they encountered. 
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AttrakDiff2. On page four of the questionnaire, the AttrakDiff2 method suggested 
by Hassenzahl [14] was used as the method to study user experiences. The four central 
concepts of Hassenzahl’s user experience model were studied using seven-point 
semantic differential scales. The concepts were: pragmatic quality (quality of use from 
a task-oriented perspective), hedonic quality: identification (how well the system 
allows the user to relate to it), hedonic quality: stimulation (how well the system fulfills 
the stimulation needs of the user), and attractiveness (overall impression and judgement 
of the system). Each concept was studied using seven scales, thus the number of scales 
in the questionnaire was 28. The participants also had a possibility to give qualitative 
comments about the user experience of the system. 

Subjective wellbeing questionnaire. On page five, the aim was to examine the sub-
jective wellbeing effects of the current intervention briefly, yet as holistically as possi-
ble. A brief questionnaire probing 15 central aspects of subjective wellbeing was con-
structed for the purposes of the current study. Many of the concepts were taken from 
the wellness related concepts of WHOQOL-BREF [15], which is a cross-culturally val-
idated quality of life assessment. Drawing from the self-determination theory and stud-
ies highlighting psychological needs and emotions as important correlates of subjective 
wellbeing [16, 17, 18, 19], further wellbeing related concepts were identified for the 
questionnaire.  

Each statement on page five of the questionnaire began with: ”After using the 
Firstbeat system and reading the report – when compared to time before using the sys-
tem – I have felt…” and the statements ended with the endings presented in Table 1 
below. Each statement was studied using a 1-7 scale with the following anchors: 1 = 
less than before – 4 = as much as before – 7 = more than before. In addition, the partic-
ipants could leave any free-form qualitative comments about the wellness aspects of 
the intervention.  

Table 1. The wellbeing aspects in the study and the corresponding statement endings. 

Wellbeing aspect Statement ending 
Physical health …myself physically healthy 
Bodily pain …physical pain 
Sleep quality …that I sleep well 
Stress …myself stressed 
Autonomy 
 

…that my actions are autonomous 
Competence …that I can successfully complete different tasks and projects 
Relatedness …that I have positive social relationships 
Self-esteem …that I have high self-esteem 
Positive emotions …positive emotions such as joy, pride, or interest 
Negative emotions …negative emotions such as worry, sadness, or anxiety 
Meaningful life …that I lead a purposeful and meaningful life 
Optimism …that I am optimistic about the future 
Active lifestyle …that my lifestyle is active 
Energy …myself energetic 
Depression …myself depressed 



 
2.5 Data analysis 

Data from SUS was analyzed according to the original instructions [13] including re-
verse scoring, and calculating an overall score from 0 to 100. The results were inter-
preted using the adjective scale suggested by Bangor et al. [20]. The results from the 
AttrakDiff2 questionnaire using seven point semantic differential scales were trans-
ferred to a scale from -3 to 3, displayed visually and averaged by the four user experi-
ence components in Hassenzahl’s model [14]. For the wellbeing data, one sample t-
tests were used to determine statistically, whether the ratings for the different subjective 
wellbeing related aspects differed significantly from the middle point of the scale, 
which suggested that no change in relation to the wellbeing related aspect has taken 
place.  

3 Results 

3.1 Usability 

The average SUS score for the Firstbeat wellness analysis was 76.7 (range 45-100). 
According to the adjective scale for SUS developed by Bangor et al. [20], this result 
indicated ‘good’ usability. More specifically, the score was between what is typically 
perceived as ‘good’ (mean 71.4) and ‘excellent’ (mean 85.5) 

 
3.2 User experience 

The results for the AttrakDiff2 components studying different aspects of user experi-
ence are presented in Figure 3. The averaged user experience ratings were on the posi-
tive side of the scale for all four concepts, and there were no significant differences 
between the means. 

 

Fig 3. Mean ratings and standard errors of the means for the central user experience 
concepts. 
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The detailed results from all of the AttrakDiff2 scales are presented in Figure 4. Almost 
all of the single ratings were on the positive side of the scale, however, the system was 
seen as a bit technical and also quite a bit undemanding instead of being able to provide 
positive challenge. When giving this rating, the participants were possibly thinking of 
the easy usability of the system instead of the challenge posed by the analysis as a whole 
(e.g. the measurement started automatically when the electrodes were attached). Posi-
tive adjectives associated with the system included: good, motivating, novel, profes-
sional, and presentable. 

                                                 

Fig 4.  Mean ratings for the 28 AttrakDiff2 scales (colors indicate components of user 
experience: green = pragmatic quality; blue = hedonic quality, identification; light blue 
= hedonic quality, stimulation; yellow = attractiveness).  
 

-3 -2 -1 0 1 2 3



3.3 Subjective wellbeing 

The results from the subjective wellbeing questionnaire are presented in Table 2 below 
(scale: 1 = less than before – 4 = as much as before – 7 = more than before). 

Table 2. Mean ratings and standard errors of the means for the different aspects of 
subjective wellbeing. 
 

Wellbeing aspect Mean (SEM) 
Physical health 4.02 (.09) 
Bodily pain 3.93 (.06) 
Sleep quality 4.10 (.15) 
Stress 3.71 (.11) 
Autonomy 4.00 (.11) 
Competence 4.10 (.10) 
Relatedness 4.07 (.06) 
Self-esteem 4.19 (.09) 
Positive emotions 4.17 (.10) 
Negative emotions 3.88 (.10) 
Meaningful life 4.21 (.12) 
Optimism 4.17 (.11) 
Active lifestyle 4.19 (.12) 

  Energy 4.12 (.10) 
  Depression 3.83 (.12) 

 

The statistical analysis revealed that the participants evaluated that they have felt sig-
nificantly less stressed after using the system and reading the report than before usage 
(t = 2.6, p = .012). The participants also rated their self-esteem as higher after the inter-
vention than before it (t = 2.0, p = .044). The other ratings did not differ significantly 
from the center point of the scale (suggesting no significant changes). 

 
3.4 Qualitative comments 

The qualitative comments gathered in the questionnaire were largely in line with the 
quantitative results. There were no major usability problems highlighted by the users. 
Single comments were given about skin irritation with the electrodes, lack of indication 
when the device is fully loaded, and the usability of making diary entries. 

The qualitative comments for the wellbeing effects of the system included a variety 
of different comments ranging from being aware of the wellness aspects to be im-
proved, but not making any changes in lifestyle, to putting the set goals into action and 
noticing wellness improvements. Thus, there seemed to be a lot of variation in the par-
ticipants’ reactions to the results and the goals set at the end of the analysis. 
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4 Discussion 

In the current study, usability, user experience, and subjective wellbeing impact were 
measured in response to an intervention implemented using the Firstbeat wellness sys-
tem. In a working life sample of participants, the results suggested good usability for 
the system, as it received a SUS score of 76.7 out of 100. The results also suggested 
above average user experience in all measured aspects: pragmatic quality, hedonic qual-
ity (identification), hedonic quality (stimulation), and attractiveness. Thus, system was 
evaluated to have a good balance of hedonic and pragmatic qualities (self-orientation 
and task-orientation) [14]. Finally, the participants reported reduced subjective stress 
and higher self-esteem after the wellness intervention. Stress-related visualizations 
form a central part of the Firstbeat report, and the current results suggest that the par-
ticipants of the current study were indeed able to use that information to reduce their 
stress levels in practice. However, it should be noted that the results suggested no sig-
nificant changes for 13 of the 15 studied aspects related to subjective wellbeing. 

Many previous studies [e.g. 1, 5, 6, 7] have pointed out usability barriers in the adop-
tion of wellness technology, especially in technologies utilizing physiological wellness 
measurements. The current results suggest that Firstbeat has been successful in avoid-
ing any major usability problems, and the minimalistic user interaction is simple 
enough for users in a working age population. Regarding user experience, the current 
results are in line with [6], who reported positive user experiences for heart rate monitor 
belts. The current results suggest that continuous mobile wellness measurements – even 
if they use electrodes, which are somewhat invasive and in constant physical contact 
with the user – can be well accepted by their users and even evoke a positive user ex-
perience. 

On the other hand, the reported changes in subjective wellbeing were relatively small 
and only some of the participants reported making relevant changes in lifestyle based 
on the results. These results highlight the difficulty of translating wellness related 
awareness and goal setting into behavior that actually enhances holistic wellbeing. Con-
solvo et al. [21] divide design efforts of wellness technology into four chapters: collect-
ing behavioral data, providing self-monitoring feedback, supporting goal-setting, and 
moving forward. The first three chapters have been mainly well considered in the de-
sign of the  Firstbeat system, while the greatest challenges seems to be in achieving 
changes in the users’ lifestyles and lasting improvements in wellbeing. Continuous 
wellness measurements can provide accurate information, but plain awareness of one’s 
physiological state or setting goals may not be enough for achieving lasting effects [22]. 

Consolvo et al. [21] suggested that moving forward in wellbeing includes, for exam-
ple, assessing the user’s progress, and supporting the user over her lifespan. These could 
also be key elements in the context of continuous well-being measurements and the 
Firstbeat system. Possible topics for future research include studying the patterns of 
using the Firstbeat system over a longer period of time, when the use is initiated by the 
user her/himself. In addition, effective persuasive technologies [23] could be applied in 
addition to the Firstbeat analysis with the goal of achieving more positive changes in 
wellbeing related experiences and behavior. 



The limitations of the current study should also be discussed. The participants of the 
current study were on average middle-aged and participating in working life, thus the 
results are not directly generalizable to other groups, for example, students or the el-
derly. The participants also come from a limited geographical region in Finland, in 
other regions there might be different cultural factors affecting the perceptions of the 
system. Finally, within the limits of the current research it was possible to carry out a 
single wellness intervention and study the usage of one wellness analysis and the related 
technological solution. Thus, it was not possible to make comparisons between differ-
ent systems or study possible benefits of recurrent use of the Firstbeat analysis.  

Overall, the current results provide a clear picture about the wellness intervention 
studied. The results confirm that it is possible for users to be monitored for even about 
24 hours per day by a wearable device measuring heart rate variability and activity, and 
still have positive user experiences related to the technology. The participants of the 
current intervention also reported significantly reduced stress and improved self-esteem 
after the intervention. The assessment of user progress and long-term support [21], as 
well as persuasive technology [23] may be key additions to the Firstbeat approach on 
the road towards even more effective and holistic impovements in wellbeing. 
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