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Abstract
Nowadays, new conjunctions between commun ication technologies and devices in the health care context, and
between health and social care, create important opportunities concerning the development of frameworks and
devices/interoperable systems (eHealth systems), particu larly in the ever increasingly Remote Patient Monitoring
(RPM) systems environ ment. However most of users’ needs and requirements are not really satisfied with a poor
customization of solutions in according to specific cluster of users. This is main ly due to a lack of t ruly interoperable
tools that allow a horizontal integration between the various medical / specialized tools and utilities . This paper
introduces an effective conceptual framework to manage the many stakeholders connected to the development of
RPM solutions.
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1. Introduction and literature review
In the present socio-economic context, health systems face significant challenges that have been creating concerns
about the sustainability of the provision of health care (Morgan et al., 2007). The co mb ination of both an increase in
chronic diseases and of aging population are compounding the burden for the provision of health care, causing at the
same time a critical gro wth of health-care system costs. As regards costs, previous studies have debated scientific
tools to reduce waste in several contexts of national health care systems (Hicks et al., 2015; W ijma et al., 2009),
among which costs related to operating rooms (Arcidiacono et al., 2015c).
The development of frameworks and devices/interoperable systems (eHealth systems) to support integrated health
and social services, can be one of the possibilit ies to address these new challenges, even helping to realize a more
customized health care model and to develop a more efficient and widespread prevention system (World Health
Organization Report, 2011).
The motivation and involvement of the users remain a critical key to fulfill a truly effective health care system. In
fact, the adoption of RPM devices, in an increasingly digital environment, can positively affect the patient's
behavior. Their lifestyle can be imp roved, allowing remote treat ment of chronic d iseases and equipping caregivers
with tools that make faster clinical decisions, with a higher degree of reliability (Vav ilis et al., 2012). Moreover, the
goal of making the cure “patient-centric” can be achieved, so that patients can be actively involved in managing
their health to eliminate the so-called “informat ion asymmetry” that usually characterizes the doctor-patient
relationship.
For these reasons, the diffusion of RPM will be desirable, but many occurring barriers must be considered to
promote RPM, and to take actual advantages from the eHealth systems (Currie et al., 2014).
The impact of eHealth technologies is sometimes questioned (World Health Organization report, 2010), due to a
divergence between the expected benefits and actual results. A lack of evidence about the distinct effects of eHealth
technologies on health and health care is evident (Atienza et al., 2010; Black et al., 2012; World Health
Organization report, 2010). Health care professionals are often skeptical and show little support for eHealth , because
technology does not seem to work fo r them or for the benefit of their patients (Chaudhry et al., 2007). Thus, eHealth
technologies often face adoption problems.
Also based on concepts and tools of Lean Six Sig ma (LSS) methodology (Arcidiacono et al., 2016b), the aim of this
paper is to introduce a conceptual framework to manage mult iple stakeholders in connection with the development
of RPM solutions. Evidence discussed in previous studies has demonstrated the versatility of such tools, which are
suitable for being applied to various contexts for effect ive processes optimization and reliability (Arcidiacono et al.,
2016a).

2. Limitations and research scope
Despite the business opportunity and the economic benefits that the widespread adoption of mobile Health systems
could lead, their widespread implementation is hampered by some obstacles and adoption barriers, causing only
partial expression of their potential market possibilities (Table 1 (PWC report, 2013) ).
The lack of interoperability and co mmonly accepted standards between applications are certainly important limits
that determine a slo wdown in these services to be spread, thereby affecting the quality and increasing the costs of
health care systems (Chan et al., 2011).
The use of international standards would be a way to ensure the general interoperability of solutions, but often these
standards are not sufficiently detailed. Furthermore, there are many categories of barriers to the diffusion of the
standards:
• Political barriers: national and local health systems often have different standards and, generally, health policies
offer little incentive to the homogenization of these standards;
• Definitional barriers: health and med icine are co mplex areas, which have many dimensions, so both categories
are difficult to define and categorize due to cultural, social and contextual difference s (since medical experts
can change and evolve rapidly). Moreover, standards for mobile Health must adapt as much rapidly through
frequent revisions;
• Users barriers: health wo rkers often are not satisfied by devices and medical IT solutions that are not so specific
and the end users often think that systems are too complex.
Beside the section on the adoption of standards , the development of adequate standards supported by interoperability
tests as well as classification and certification of processes is also essential.
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Moreover, there are no clear rules of mobile application management in the health and wellness industry , and there
is a lack of transparency on the use of data recorded with these applications.
Currently, concerning legal issues, there are inadequate guarantees regarding the emp loyment o f such data in health
care applicat ions. In fact, the fu ll protection of sensitive data is not guaranteed, this fact has a negative impact on the
confidence that users (both patients and health workers) have about the use of these systems. Also, an inadequacy
and fragmentation of legislating, regarding reimbursement schemes of e-health services, is found in legal matters.
The lack of clear standards, both technical and legal, and the requirement for major investments in the first phase of
distribution of health systems have led to a slowdown in a widespread use of these solutions. However, a study
conducted in the USA in 2007 estimated that the imp lementation of fu ll interoperability through mu ltiple areas,
together with their fu ll deploy ment, would produce an annual saving of 5% of the country’s health expenditure (Di
Carlo, 2012).
Table 1. Summary of the main barriers to the development of mobile Health systems (PWC report, 2013).
Flow of
information
 Health care
provider

 Solutions
vendor
 Mobile
service
provider
 Medical
devices
vendor
 Doctors/
Patients

Regulatory

Economic
 Need for further
evidence
 Conflicting
incentives
 Change management

 Lack of clarity on
certification
 Lack of
Interoperability
 Lack of
compensation
mechanism

Structural

Technological

 Low cohesion
across levels
and regions

 Late involvement
of doctors in
solution design

 Interoperability
 Lack of clear
reimbursement
mechanism

 Standardization
 Interoperability
 Standardization
 Interoperability

 Lack of awareness
of system benefits
for the Doctors and
patients

 Significant training
needs

3. Functional needs
The analysis of the global context, regarding both users’ needs and health systems requirements, identify that the
creation of a network for health and social services and integrated devices/interoperable systems should focus on the
following types of functionality:
• Health monitoring and comfort: systems involving patient monitoring, through the direct emp loyment of health
professionals, when the comp lex/chronic patients have left the hospital. These systems should create a continuous
supervision of the user’s situation by means of various indicators , recorded and analyzed and the continuous
availability of a support (not intrusive) and intervention. Thus, these devices can greatly enhance the users’
perception of their security, who receive ongoing monitoring of their situation. Also, diagnostic systems and
collection of information on the symptoms, which can be used by health care professionals are integrated.
• Safety and speed of interventions in emergencies: systems enabling the monitoring of ear ly warning indicators
related to critical situations (i.e. usage of bathroom and no long-term movement), through which it is possible to
recognize false alarms, to avoid, for example, unnecessary trips to the hospital.
• Knowledge of useful information: qualified support systems at home will help users to solve everyday problems
and concerns or to receive instructions and assistance from family. Most of these systems for informat ion exchange
about the patient's condition or treatment plan are shared through websites, patient portals and mobile applications.
• Support the performance of an activity: systems for the organization of daily activit ies that help to manage smartly:
time, nutrition, hydration, taking medication, etc. based on user specificity.
• Simplification o f the necessary actions: systems for automatic reordering of drugs with verification of stocks
present and the eating plan.
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• Prevention tips and stimulus: systems that suggest how to perform normal daily act ivities to get a rehabilitative
effect or make the necessary fun activities (i.e.: using a video games approach, often used in rehabilitation contexts
(De Vito et al., 2014) or for operations to be carried out by children). Systems wh ich provide in formation of alert
(for examp le, identify the acceptable daily sugar intake as a function of move act ivity perfo rmed), that suggest to do
certain exercises at certain times, or occur when a certain operation is made, and invite to correct it. Self-testing
systems for the monitoring of the current situation and its evolution in time.
• Co mpensation and assistance: systems that address/alleviate the difficult ies due to a certain disease by acting for
example on environmental conditions. Programs designed for highly complex patients (for examp le, those with a
functional or mu lt iple d isability) that provide the emp loyment o f installed devices that control their ability to live
independently.
The features presented above have not the same impact in terms of users served and cost/benefit for the health care
service. In order to make this type of services effect ive, having clear alignment between the patient's severity and
technological complexity of the system is crucial (see Figure 1) (Gheorghiu et al., 2015, Ernst & Young LLP, 2014).

Figure 1. Correspondence between severity of patient's condition and technological complexity of system.
Figure 1 shows the relation between the severity of a patient’s condition and the technological complexity of
systems. As the technological comp lexity increases, the number of users who need access to it decreases; however,
costs in terms of health operators /operations increase. Therefore, if the cost for an initial investment to introduce
these systems increased progressively, by moving on the X axis, the economic benefit connected to technological
complexity (shown on the left side of the chart) will be higher.

4. Holistic framework for user based RPM
The holistic framework proposed in this study aims at answering the need to align RPM systems with customer
needs (both as needs of end users, and needs of health care professionals). The proposed framework is visually
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represented in Figure 2. The users must be clustered to propose a different type of application fo r the same scope. In
fact, the requirements and features must be classified based on customer (i.e. children, elders etc.). Th is point is
crucial to avoid one of the barriers to adoption. In fact, if final users are not encouraged in the systems employ ment,
paying attention to customer segmentation needs, even if system works well, the development effort made by IT
specialist would be nullified.
In this phase, the clusters of customers can be done with the aid of LSS tool, based on the transformation fro m VOC
to Functional Requirements and Design Parameters (i.e. QFD and A xio mat ic Design (Cavallini et al., 2013;
Giorgetti et al., 2016; Gio rgetti et al., 2017)). The effective versatility of A xio matic Design and its prin ciples have
been proven also by other specific applications not only in health care contexts, but also to optimize processes
(Arcid iacono et al., 2015a), products (Arcidiacono et al., 2015b) and the education system (Arcidiacono et al.,
2016c), by satisfying their related Functional Requirements.
This entails that, as is shown in Figure 1, focus must be put on the level o f technological co mplexity and on the risk
of hospitalizat ion. In fact, as these two parameters increase, mo re attention must be paid on the involvement of
health care specialists, who are indeed the actual final customers in this case. In fact, the relative patient population
will decrease, in these conditions. Vice versa, if the technological complexity decreases together with the risk of
hospitalization, more attention must be paid on patients, who will be the real final users of this other case scenario.

Figure 2. Holistic Framework for user based RPM.
Now, analy zing Figure 2 first, on the left side of the scheme, customer requirements are generated across a
continuous exchange of info rmation with the intervention of health workers. This happens to decrease risk o f late
involvement of health specialists; introducing eHealth technologies into the health care system requires careful
coordination and communication among health care professionals, patients, informal careg ivers, e nd users, and
others (Dansky et al., 2006). The technical information, or output, of the device must be requested by the health care
operator and must be the same, independently of the provenience of user’s cluster. At the same time, end users
should be satisfied with a specified interface based on various factors (age, co mputer friendliness, etc.). These
requirements are successively transformed in a specified assembly of standard “bricks” that the IT operators will
develop. On the right side, in fact, there are developers arrang ing “bricks” in a customer requirements vision, but
these components must be standardized before, to supply to the continuous evolution of IT services, technologies,
customer’s needs. These “bricks”, constituted by standard components, (i.e. sensors devices, software etc.) together

2045

Proceedings of the International Conference on Industrial Engineering and Operations Management
Rabat, Morocco, April 11-13, 2017
with IT expertise, generate the applications or systems with interoperable elements, wh ich can be assembled in
multiple ways for future apps.

5. Conclusions
The convergence of communicat ion technologies and devices in the health sector, and between health and social
care, creates important opportunities for the develop ment of RPM systems. This is why the market shows a
considerable ferment of ideas and proposals from the major players who tradit ionally occupy the solutions
connected to health care. Despite all of this, however, most of users’ needs are not yet confronted with an adequate
response, and this is highlighted in particular re the customization of the solutions according to the specific groups
of users. The most relevant restriction so far is the lack of truly interoperable tools that allow a horizontal integration
between the various medical/specialized tools and various utilit ies that imp rove the quality o f life of people
belonging to clusters of users with specific needs. In addition, because the med ical field is constantly changing, also
the mobile health solutions should have a quick change, to meet the new needs of both health care professionals and
end-users. For this reason, the proposed model could be useful to ensure that the development of new solutions
could be already partly guaranteed, and that it such development goes hand in hand with the evolution of medicine
and people's habits.
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