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Abstract — Chronic health problems related to mental wellbeing
are rapidly growing, calling for novel solutions focusing on
individual as a psychophysiological being. We describe a novel
technology-based concept for empowering citizen towards holistic
self-management of her wellbeing: “P4Well” (Pervasive Personal
and PsychoPhysiological management of WELLness). The
primary focus of the concept is on management of stress and
recovery from stress caused by daily life through improved
health management strategies. The P4Well concept combines
modern psychological methods with personal health technologies.
The technologies include a web-portal and web-based tools,
mobile phone with mobile client applications, wearable health
monitoring devices, and different analysis methods based on
physiological models for interpretation and feedback. The
concept supports secured private expert consultation and peer-
support through social media. Our driving principle is to
recognize that an individual is the best master of her own
wellness, and we target to empower her for realizing the fact.
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I. INTRODUCTION

Today, the increasing demands of work responsibilities and
people’s hunger for around-the-clock access to leisure and
work tend to lead to stress and shortened sleep times. In 2004,
more than 30% of the American adult population between the
ages of 30 and 64 years reported sleep times of less than 6
hours per night [1], whereas still in the Sixties people slept for
8.0-8.9 hours per night on average [2]. In modern society,
chronic stress has been included among risk factors for diseases
such as hypertension and diabetes [3].

Many unavoidable stressors are common in working age
population. The stressors, such as job strain, may ensue from
psychosocial problems [4], an imbalance between efforts and
rewards [5] [6], and/or a combination of high demands and lack
of decision control at work [7] [8]. Biological susceptibility to
stress stimuli plays an important role in determining the effect
of stress on personal wellbeing [9]. The stressors can rarely be
totally avoided, but stress recovery methods can help people
cope with stress [10]. It is evident that regular exercise can help
to protect people from health problems and diseases. Moreover,
exercise can improve people’s mental wellbeing and help them
sleep better and manage their stress [11].
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Mental health problems almost invariably induce absenteeism
and lost productivity. The problems are rapidly increasing, and
causing a majority of the occupational health care expenses.
There is a clear need for interactive systems [12] designed to
improve people’s mental wellbeing and to help them cope with
stress and sleep loss. Taking into account the limited health
care resources in many developed countries, the emphasis of
such system needs to be relied on prevention of health and
mental problems based on self-management; before the
psychophysiological problems of an individual become
chronic.

Cognitive-Behavior Therapy (CBT) methods have been found
to be effective for a range of mental health problems.
Computerized Cognitive-Behavior Therapy (CCBT) programs
delivered through the Internet have shown their effectiveness
for mental wellbeing problems [13]. The National Institute for
Health and Clinical Excellence (NICE) recommends CCBT as
a primary intervention method for anxiety disorders, post-
traumatic stress disorder, and depression [14]. The reported
CCBT methods, however, do not fully exploit the available
modern mobile and ambient technologies.

In this paper, we propose a technology-based concept to
empower self-management of psychophysiological wellbeing
through management of stress and recovery from stress. The
proposed P4Well concept integrates several personal health
technologies, including web-based tools and software,
wearable monitoring devices, mobile phone with special
software, and various analysis methods to interpret the gathered
and acquired data and to provide feedback. These technologies
are used along with modemn psychological mini-intervention
methods, such as CCBT, to help people manage stress, sleep
and mental problems by encouraging them to adopt a healthier
and more active lifestyle. The focus of the concept is on early
prevention of or intervention on mental and health problems.
The concept is based on self-management with potential expert
consultation through the Internet with a low barrier for seeking
information and possible treatment [15]. The devices, softiware,
and psychophysiological theories and methods are integrated
into a web portal providing a novel, coherent, and interactive
Personal Health System (PHS).

This paper describes the design procedure, usage scenarios, and
system requirements of the concept, and the psychological and
physiological basis of the concept. Finally, we describe the









Figure 3: An example of a social atom diagram. The
circles represent individuals and the lines their
connections. The size of the circles as well as the type of
the lines can vary with different relationships.

A simplified definition of stress refers to a situation where
perceived mental strain exceeds a person’s coping capability.
Physiologically, stress refers to a chain of events where
stressors that are threatening to an individual elicit
physiological responses (Fig. 4, [23]). One of the main
physiological regulation systems that is responsible for these
stress reactions is the autonomic nervous system, ANS [24].
Rapid physiological stress reactions are necessary for
successful coping with a stressor, but if the stress continues,
they may have long-term negative effects on health [9].
Recovery from stress, in turn, is a process during which
individual functional systems that have been called upon during
a stressful experience return to their pre-stressor level [9], [10].

For both stress and recovery from stress, it is necessary to have
reliable measurements. Some general aspects must be taken
into account when the measurements are performed. Firstly, it
must be noticed that stress can be either positive (eustress) or
negative (distress). Secondly, individual resources influence
both experiences of stress and recovery, as well as
physiological reactions to them. Also, both subjective and
objective (physiological) measurements should be used.
Although self-reports have been used widely to detect both
stress and recovery, it is not always enough: subjective
experience of reduced stress might not necessarily mean
physiological recovery from stress [25]. Besides, other stress
sources must be kept in mind, although work stress or job strain
seems to be the most investigated area in the field of stress
research. When health is in focus, stress has harmful effects,
regardless of whether its roots are in work, family, or leisure
time. Therefore, all of these aspects must be taken into account.
As indicated earlier, it is not stress per se that is harmful, but
what is essential is whether recovery from the stress succeeds
during relaxation periods; that is, rest, sleep, and days-off, and
whether there is sufficient amount of such periods for recovery.

In the P4Well concept, we apply wearable devices for
measuring of the activity of the ANS. The ANS function and
the balance between activation of ANS subdivisions,
sympathetic and parasympathetic system, can be objectively
examined via analysis of heart rate (HR) and heart rate
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variability (HRV) [26]. Generally, sympathetic dominance is
an indicator of physiological stress, whereas parasympathetic,
that is, vagal dominance, indicates recovery from stress [24].
When HR and HRV are used to reflect ANS balance, high HR
and low HRV indicate sympathetic dominance, while low HR
and high HRV indicate parasympathetic dominance.

Sleep is the most important time period for recovery of an
individual, and it should also be characterized by vagal
dominance of the ANS. A good night’s sleep is continuous and
long enough [27]. Disturbed sleep and sleep loss have been
linked to adverse physiological and psychological effects, and
when prolonged, to diseases such as type 2 diabetes and
cardiovascular diseases [28]. In P4Well concept, we use wrist
actigraphy for objective monitoring of sleep quality and
quantity [29], giving a good idea of the amount of sleep

A large body of evidence suggests that exercise and physical
activity are beneficial for various physiological and
psychological outcomes [11]. The positive effects of exercise
include improved general health, better functional capacity and
reduced morbidity and mortality. Physically active lifestyle
supports psychophysiological wellbeing, promotes sleeping,
and improves quality of life [11] [30]. One important goal of
the P4Well concept is to support and encourage the users’
participation on physical activities and active lifestyle, and to
provide guidance for appropriate exercising habits where
technologies and devices have a central role.

D. P4Well Technologies

The P4Well concept integrates different personal health
technologies, such as mobile phone wellness applications, heart
rate monitors, actigraphs, and other wearable and ambient
devices (such as scale, pedometer, heart rate belt, etc.). The
concept also involves different computer programs and mobile
applications for analysis of stress and recovery from stress.

The P4Well web portal is being implemented on the Mawell
S7 platform (Mawell Ltd., Ouluy, Finland,
http://www.mawell.com/solutions/S7/). The web portal serves
as a centralized information and data center. The portal
includes information content, questionnaires, expert
consultation, social atom analysis, value analysis, behavioral
analysis, social media (interactive communication between the
users), and news. Also, the portal integrates all the P4Well
technologies into a coherent system.

Nokia Wellness Diary (WD) (Nokia Corp., Espoo, Finland,
http://research.nokia.com/research/projects/WellnessDiary/) is
a mobile phone application and it is used to record and monitor
daily self-assessments and measurements, either for
physiological or psychological factors, e.g. eating habits, steps,
blood pressure, weight, stress level, sleep quality and quantity,
and many others. Nokia WD is a personal mobile device
application, thus ensuring the user’s privacy and ease of use in
everyday contexts. Nokia Wellness Diary Connected (WDC)
(Nokia Corp.) is a web-based calendar-like application for
storing and analyzing wellness related data. WDC is the
Internet version of Nokia Wellness Diary mobile application
and contains the same functionalities. Wellness data can be
synchronized with WDC server or shared with a wellness
professional. Synchronization is initiated by the user by using
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Figure 4: A recovery model illustrates the different factors related to psychological recovery [23].

mobile WD. Use of WD and WDC in the P4Well concept is
based on the CBT approach. The mobile applications give tools
for self-observation and feedback, supporting lifestyle change.

Firstbeat Mobile Coach is a mobile phone application and
Firstbeat Webtrainer (Firstbeat Technologies Ltd., Jyviskyl,
Finland, http:/www.firstbeattechnologies.com) is its web-
counterpart which may be used to create a personal exercise
plan. The applications are based on exercise training
recommendations [31] and adapt to deviations from the plan as
well. Webtrainer and Mobile Coach sum up workouts of
different disciplines to a same scale, Training Effect [32]
enables that users can be prescribed a certain training load,
lower for less fit and higher for more fit. The user can chose if
he/she wants to use HR monitor or accelerometry with the
applications. However, it is required to know the duration and
the intensity of the workout. The training program, designed to
meet his/her fitness level and goals, motivates and guides the
user towards independent and regular health and fitness
promoting physical activity. The software evaluates and
monitors the user’s fitness development. The application
advises the user towards efficient workouts, utilizing a training
effect scale of 1.0 - 5.0. Firstbeat Webtrainer can summarize
and report the user’s exercise data also to a wellness
professional for communication and feedback. The training
application enables personal guidance for those who require it.
In the P4Well concept, the training software applications
(Mobile Coach and Webtrainer) support and encourage the
users’ participation on physical activities and more active
lifestyle. Also, the applications provide guidance for
appropriate exercising habits.

Vivago Personal Wellness Manager (PWM) (Vivago Ltd.,
Helsinki, Finland) is an actigraph, which continuously
measures the user’s activity from the wrist. Based on the
activity measurements, the amount of sleep and its
development can be analyzed. Vivago Pro (Vivago Ltd.)
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analysis program is used for viewing and analyzing long-term
activity data and creating feedback reports. In P4Well, Vivago
is used to get objective assessment of sleep quality and quantity
at home, identifying possible sleep problems and monitoring
effects of any interventions on sleep, and also giving an
estimation of sufficiency of sleep time to allow sufficient
recovery period from stress.

Suunto heart rate monitors (HRMs) (Suunto Ltd., Vantaa,
Finland) measure heart rate changes, and keeps track of the
highest, lowest, and average heart rate during training. The user
can program the heart rate monitors with upper and lower heart
rate limits, and be alerted if the heart rate is not inside the
range. The heart rate monitors help the user maximize the
results of training. In P4Well, exercising plays important role
due to its proven effects on stress management, sleep
improvements, and depression treatment. HRMs may be used
to e.g. to guide inexperienced trainers in dosing of exercising to
optimal levels.

Suunto Memory Belt (Suunto Ltd.) s a heart rate recorder belt
with integrated memory, and thus does not require the usage of
a wrist unit. The Memory Belt can be used for recording heart
rate variability data for more than 24 hours. The recorded data
can be downloaded to Suunto Training Manager (Suunto
Ltd.) or Firstbeat HEALTH computer program for further
analysis of the heart rate variation.

Firstbeat Bodyguard (Firstbeat Technologies Ltd.) can be
used to record heartbeat data continuously for 3-5 days. The
small device is able to store the data with a high sampling rate.
The rechargeable battery of the device lasts for three days of
active recording. The recorded data can be downloaded with a
docking station to Firstbeat HEALTH software for analysis.

Firstbeat HEALTH (Firstbeat Technologies Ltd.) is a non-
clinical computer software application designed for health care
professionals and researchers. It detects exercise, stress and






and peer-support for sharing and discussing information among
the other users play an important role in the service as well.

III. PRELIMINARY EVALUATION

The P4Well concept consists of different technologies and
psychological approaches. These distinct parts have been tested
in clinical practice or verified scientifically (e.g. [36]). The
CBT-based psychological components used in the concept have
been also evaluated in clinical studies/practice (e.g. [37]).

The service concept as a whole was evaluated and co-designed
with potential users in several user sessions between June and
November 2008. These evaluations suggested that there would
be a well-grounded need for this kind of service concept in
Finland. The co-design of the concept continues through the
P4Well project over the years 2008 and 2009. Currently, an
actual user study with 12 middle-aged men is under way. The
preliminary results of this study indicate that the participants
have started to use the provided technologies. Furthermore, the
concept seems to be well-accepted by them. A group of 24
entrepreneurs will participate in the evaluation study of the
concept starting in the spring 2009 as well. Results of these
ongoing studies will be reported elsewhere later on.

IV. DISCUSSION

Previously reported studies have demonstrated the usefulness
of the CCBT methods [13]. In the P4Well concept, we have
utilized the computerized psychological and physiological
methods with the mobile phone applications and the different
measurement devices. Especially, the mobile applications
along with the CCBT methods provide a novel perspective to
wellness management. This kind of approach gives an
opportunity to personal introspection everywhere, regardless of
time and space. Moreover, we want to emphasize that the
measurement devices combined with the physiological
knowledge can provide objective and quantitative feedback to
the user, which is important especially in case of potential
treatment. The acquired information can be utilized (with the
user’s permission), for example, in occupational health care.

Several ethical and juridical issues are dependent on whether
the service is considered as a wellness service or health service.
Currently, the P4Well service concept is considered as a
wellness service, but this may depend eventually on the
potential service provider and related business model. The
content and its management must be designed carefully in the
concept. The brand and promise that the service gives were
considered as central issues; these must be valid and ethical.
Besides, the information and data provided by the user for the
service are always handled as they were with user
identification, and cannot be accessed outside without the
user’s permission.

Potential business models and value networks of different
stakeholders of the concept were analyzed during the
development work. In the long run, a well-designed business
model would be vital for commercialization of the P4Well
concept (which is currently in research phase). There are
several questions related to the business model to be solved: (1)
who is the customer of the concept, (2) who pays and to whom,
(3) who provides the service, (4) which kinds of relationships
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exist between the different actors participating in the service
orchestration, (5) who are the beneficiaries, and (6) how does
the money and value flow between the stakeholders. These
challenges of complex earning logic, complex dependability on
several stakeholders, and immature market, probably are
slowing the successful introduction of the integrated PHS
solutions to the market. Still, different and novel options for
earning logic exist and can be found, depending on who is the
primary customer. Most popular candidate for the primary
customer in short term would be occupational health service
provider; this is due to realistic earning model within current
operational and legal framework. The roles of the technology
providers and the pension insurance companies (who have the
main role to promote the service through funding model, and
return of investment through savings in pensions and illness
leaves) were mostly similar in all analyses. One important
challenge is to make the concept generic enough so that it can
be easily adapted by many organizations to their models of
care. This requires flexibility and efficient package for training
the care providers, consultants, or personal trainers supporting
the user.

In the proposed concept, we have applied the specific advanced
technologies provided by the partner companies. However, it is
important to recognize the ideology of the concept, that is, the
CCBT techniques, physiological knowledge, and the mobile
applications integrated with the web-portal provide the core
structure for the concept. In addition to the devices we have
applied, any other similar devices and software could be
exploited in the concept for personal wellness management.

V. CONCLUSION

We have proposed the novel service concept to empower self-
management of psychophysiological wellbeing, management
of stress and recovery from stress. In the proposed concept, the
modern computerized cognitive-behavior therapy methods are
combined with the advanced mobile and web-based
applications providing a novel, coherent, and interactive
personal health system. Moreover, the psychological and
physiological knowledge embedded into the system is utilized
with the electronic measurement devices that can provide
quantitative information on the personal wellbeing. Currently,
more thorough investigations on user experiences as well as on
the therapeutic use of the system are in progress. The results of
these studies will be reported in the near future.
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