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Abstract: Business interactions are rarely taken into account at the early stages of development of
software ecosystems in the health sector, which makes these kinds of solutions to stay as conceptual
proposals or rapidly discontinued after deployment. In the present paper we describe our approach
towards the exploitation of a technological ecosystem focused on learning and knowledge
management processes to develop and enhance the caregiving competences of formal and informal
caregivers, both at home and in care environments. The definition of the business process has been
done using the BPMN standard, which allows to further include the business model in the definition
of the data taxonomy.
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1. Introduction

Nowadays, it is a fact that Europe is an ageing society. While world population size is expected
to increase till 10,000 million people at the end of the twenty-first century, in recent decades the
population decline in some regions of the world [1]. In this context, informal caregivers play an
important role. They prevent the institutionalization of the dependent persons enabling them to stay
at home and thus reducing care costs. However, this role has a high health impact on informal
caregivers, linked to suffering severe health and mental health problems, such as overload,
depression, or anxiety, significantly reducing their quality of life and increasing social isolation and
family stress.

Psychoeducation is an alternative solution to this social problem [2], combining information and
behavior management training with attention to family support can have significant positive effects
for caregivers. However, sometimes it is hard to access to these interventions, not only for
geographical reasons but also for the socioeconomic situation of informal caregivers and their
families. Information and Communication Technologies (ICT) have the potential to improve
accessibility by supporting virtual coaching and the delivery of psychoeducation interventions [3]. In
this context, the current paper presents a technological ecosystem focused on learning and
knowledge management processes to develop and enhance the caregiving competences of formal
and informal caregivers, both at home and in care environments.

During the last decade, technological ecosystems [4] have emerged as a technological solution
based on a set of software components that interact in some way to give rise to more complex systems.
In fact, the European Union has funded several projects to support formal and informal caregivers in
different ways [5,6], but none is focused on support informal caregivers through psychoeducation.
Moreover, proposed or developed health ecosystems tend to have problems when it comes to being
deployed in the real world. This means that they are usually discontinued despite their great
potential. For example, a recent study [7] which analyzes 37 papers focused on platforms providing
care and assistance services under a technological ecosystems' perspective, shows that just 3 papers
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(8%) describe an ecosystem which has been deployed and tested with real users under real world
conditions (out of the lab). This may be because the vast majority of such proposals do not take into
account the concept of value co-creation within the ecosystem, and lack from a business perspective
when defining the relevant data to be exploited. They are usually focused on providing services for
the patient end user, but forget the rest of the stakeholders’ cloud when it comes to ecosystem
exploitation.

To overcome these limitations, the present work focuses on providing an approach towards the
exploitation of the proposed ecosystem based on the modeling of the business process. The process
starts from a general business model based on the Osterwalder and Pigneur model [8], after which a
description of the stakeholders and associated business processes are drawn up. The definition of the
business process is done using the Business Process Model Notation (BPMN) standard. The use of
this standard allows to include the business model in the definition of the data taxonomy, which may
be then employed as a starting data model in the software development process [9].

The rest of the paper is organized as follows. Second section describes the health ecosystem for
caregivers. Third section analyzes the considered stakeholders in the business model. Four and fifth
sections describe the business process for primary, secondary and tertiary stakeholders along with
the associated data susceptible for exploitation. Last section summarizes the main conclusions of this
work.

2. Health ecosystem for caregivers

The technological ecosystem consists of three main structures: software, organizational and
business. The health ecosystem’s software structure is composed of a set of software components and
a set of input streams that represents the human factor as part of the technological ecosystem (see
Figure 1).
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Figure 1. Architecture of the health ecosystem for caregivers

The architecture is based on the proposal validated in previous works [10]. The software
components are organized into four layers. The first layer is focused on the presentation through a
unique interface, and for a consistent design and enhanced user experience (UX). The second layer,
the services layer, is focused on the software components that offer a set of services to the final users
of the ecosystem: an online tool that provides a private social network for patients private areas
(called walls), which are managed by (in)formal caregivers and care managers; a learning platform
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based on Moodle to support psychoeducation processes including knowledge needs of the informal
caregivers, specialized training for formal caregivers, and access to a community of equals and
experts that can help them [11]; and a dashboard to provide tools based on visual analysis to support
decision-making processes. The third layer provides tools to centralize information needed by other
components of the ecosystem. It includes a database that stores data about the patients: treatments,
caregivers visits, location, etc. Finally, the infrastructure layer provides a set of services that are used
by the software components from other layers: mail service, user management system to centralize
the user access and information, and data analysis component to process the data from other tools
and generate the datasets that are an input for the dashboard. Moreover, the data analysis module
has a strong component focused on Learning Analytics.

Regarding the organizational structure, the definition of the business structure provides the base
of the input streams included in the architecture, so it is directly linked to the business structure
described in the following sections. The business structure model is based on the approach developed
by Osterwalder and Pigneur [8] and is described in detail in [11]. It consists in the fulfilment of a
Business Model Canvas (BMC) that describes the interrelation of nine components of a business
model. The proposed BMC is based in a literature review aimed to identify how technological
ecosystem proposals address the business component [7], along with a systematic mapping study of
the most relevant EU funded projects related to the health domain. The outcomes of these reviews
(trends, lacks and opportunities, involved actors, etc.) were applied to define the different
components of the BMC.

3. The stakeholder cloud

One of the main distinctions of technological ecosystems when compared to other types of
business models resides in the strong involvement of the different ecosystem actors in value
cocreation. In this sense, the first step to identify the ecosystem’s relevant data subject to exploitation
is the correct classification of stakeholders. Stakeholders’ clustering into different groups and their
nomenclature has been revisited over the years [12]. In the province of AAL (Ambien Assisted
Living), three fundamental types of stakeholders are distinguished [13]: a) Primary end-users: person
who is using a product or health service; b) Secondary users: people or organizations that that are
accessing or using the ecosystem solutions for the benefit of primary end-users. c) Tertiary final users:
institutions and private or public organizations that are not directly in contact with the AAL solution,
but that in some way contribute and benefit from their organization, budging or assessment (e.g.
organizers of public sector services, social security systems, insurance companies, etc.).
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Figure 3. The stakeholders’ cloud: global picture of the stakeholders in our ecosystem
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Given the nature of our ecosystem, the classification approach commonly used by the authors is
the AAL classification [13]. However, in terms of data extraction and exploitation it is necessary to
also take into account the business approach (more focused on business activities). Also, given the
software component of the platform, we should take into account the software point of view

As shown in figure 3, the considered groups of stakeholders differ from the proposed AAL
classification. We review the AAL definition of primary end-user because in our case the ecosystem
is mainly focused on caregivers. In addition, given that caregiver organizations incorporate formal
caregivers and their managers coordinators, this type of organizations are partly considered within
the group of secondary actors. Finally, the figure of platform orchestrator must include the actors
responsible for the ecosystem governance from the software point of view. The taken approach to
identify the exploitable data is to search within the business processes those data that can generate
value for and from each group of stakeholders.

4. Primary stakeholders’ approach to exploitable data

Taking into account the stakeholders’ cloud, our primary users are mainly (in)formal caregivers
and patients. The business process for primary stakeholders is based on the combined use of the
social network of patients, relatives and caregivers (SocialNet) and the learning platform (Discover).
To describe the business process model, we use a BPMN diagram (Figure 4). It includes three lanes
in order to show the collaborative process between the primary users, the data management system
and the caregiver managers.

For primary users (upper pool) the process starts with the onboarding of new users. In this step
user’s profile data is requested (age, health status, geographical situation, previous caregiving
knowledge, etc.); If the user accesses the training platform, an initial training itinerary is
recommended for the user based on these data. Based on the continued use of the Discover and
SocialNet tools, the training itinerary is iteratively improved and adapted to the user training needs.
In this stage, the caregiver can choose between two paths:

e  Unassisted support: using tools that allow the user to follow his own learning path without
mentoring: evaluation questionnaires, personalized searches and content recommendation.

e  Assisted Support: either provided by experts in the mentoring program which support the
caregivers in scheduled sessions or through the social network, or through a Smart assistant that

is nourished from the ecosystem interactions answers questions 24/7.

The data extracted from the evaluation questionnaires, personalized queries, content
recommendation, and mentoring activities serve as input to a database that stores real time data.
Then, a clustering module based on Learning Analytics [14], and a dashboard is launched
periodically. This module provides information based on all combined inputs (detected problems,
suggested themes of interest, the analysis of the sessions with the mentors, etc.) in order to improve
the learning itinerary. The combination of the Al-based and dashboard-based Learning Analytics
provides feedback and learning content indications to other ecosystem tools: recommendations of
follow-up training contents depending on the preference / utility for a particular user, advanced and
customized searches, improved Smart Assistant, and relevant data that provides additional added
value for secondary and tertiary actors (which will be covered on next section).

As mentioned in the previous section, the care organizations are considered among the primary
and secondary stakeholders, since they include both the formal caregivers who are part of said
organizations (primary), and the managers of said caregivers (secondary). The figure of the care
managers in this model (bottom lane) comprises both the organization managers as well as
specialized personnel capable of supporting the learning process. Thus, the BPMN shows how care
managers can interact with the system by providing support to primary users while at the same time
they can obtain relevant information through the dashboard. Also, the visualized dashboard
information, can be combined so that their feedback can be adapted to the specific needs of the
caregiver and patient. The visualized data can also help them to make better management decisions
(scheduling, reassignment of patients, etc.). Finally, every time of the services of the social network,
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dashboard or learning platform are accessed, the system sends personalized data to the user interface
(e.g. next suggested learning actions, personalized searches, access to stored data).
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Figure 4. BPMN model for primary stakeholders (caregivers) and care managers

5. Secondary and tertiary stakeholders’ approach to exploitable data

From a global perspective, for secondary and tertiary users the strength of the proposed
ecosystem lies in the ability to simultaneously combine data of different nature (e.g. ethnographical,
clinical, medical) [15]. In the current ecosystem approach exploitable data refers not only to data
subject of commercialization, but also to data that may be of interest and generate added value to
stakeholders. In that sense, the figure of “expert” patient/caregiver (non-expert person but with an
increased access to TIC solutions to enhance their own treatment) is foreseen to have a great impact
in future provision of medical care.

Thus, in order to exploit the data within the ecosystem, it is necessary to match the activities of
the primary users with the value sought by the secondary and tertiary users and vice versa. With that
goal in mind, data directly collected from the primary users must be considered on the one hand,
such as: patient clinical/medical data, treatment adherence and disease evolution, patients and
caregivers’ ethnographical data, etc. On the other hand, from the interaction of the primary users
with the ecosystem services, the secondary and tertiary users can also use inferred data. These data
can be extracted by combining different sources of information such as the questions raised by users
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in the forums, experiences and shared use cases, the contents sought, the training evolution of the
caregiver, etc.
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Figure 5. General BPMN model for secondary and tertiary stakeholders

More specifically, the data that may be of interest for each of the different identified stakeholders

include:

Health practitioners: their main objective is to improve decision-making by identifying better
treatments and discard the least efficient ones. They will seek to detect adherence to treatment,
its effectiveness and finally to improve the quality of life of primary users.

Research Networks: their objective is to acquire new knowledge searching for new solutions to
unresolved medical problems investigating the interaction of different factors within the data in
order to understand, for example how they influence the risk for disease or disease expression
[15].

Care managers: as secondary users will also seek to reduce costs and resource expenses. To do
so they will seek to acquire data that helps them to improve learning contents, give better
support in the training process and consequently improve the mentoring programs.

Public administration and insurance companies: they will seek for a better understanding of the
health economic impact by disease category and patient sub-type, which would provide
additional incentives to invest in treatment and research and to look for preventive treatments.
Pharma: in terms of drug treatment, some diseases as is the case of dementia are only susceptible
of symptomatic treatment. In these cases, big data can provide a better understanding of how to
best use the available therapies.

Software and hardware providers: include both service providers and the healthcare technology
sector. Service providers will be interested in obtaining more relevant data on the use of the
platform for monitoring system performance (time slots of maximum platform usage,
technologies employed for accessing the system, etc.). From the point of view of developers of
medical hardware and software solutions (e.g. orthopedics, biomedical measuring systems, etc.),
data on the evolution of patients as a result of the use of their devices can be obtained from the
social network.

Other: given the evolutive nature of the ecosystem, the ability to extend its functionality and
include new services, as well as the existence of the social network can lead to new business
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opportunities (e.g. specific advertising content for business focused on the elderly, such as travel
agencies, etc.).

Taking the above into account, figure 5 shows the general business model for secondary and
tertiary stakeholders condensed into a single BPMN diagram as the business process is similar for all
of them. Differences may be found in the restrictions for the different stakeholders that arise from the
data governance during the data lifecycle (e.g. data protection regulations, ethics).

As can be seen in the BPMN, in order the stakeholders to access the data, a first stage is required
during which the system determines the recommended contents and the accessible data to be
visualized on the dashboard (based on the data exchanged with the system by the particular user).
Once the desired content has been visualized, the user can export the data for later use in other
systems (for example, dedicated databases belonging to research networks). Both the request for
display and export data are system services and therefore are modeled by an exchange of messages
between the user and the data management system.

7. Conclusions and future work

The current trend in IT solution providers (encompassing more than just the health sector) is to
move from fragmented services to progressively more integrated services, which are likely to be
provided by multiple stakeholders through well-elaborated collaboration mechanisms. As such, the
field of technological ecosystems has emerged as the study of the complex interaction between
technological devices (ambient sensors, wearables, medical devices, etc.) and extensible technological
frameworks and architectures on the one hand, and organizations, users, customers, developers, and
businesses on the other.

However, these business interactions are scarcely taken into account at the early stages of
development of software ecosystems in the health sector, which makes these kinds of solutions to
stay as conceptual proposals or rapidly discontinued after deployment. In the present paper we have
provided an approach towards the exploitation of a technological ecosystem focused on learning and
knowledge management processes to develop and enhance the caregiving competences of formal
and informal caregivers, both at home and in care environments. The definition of the business
process has been done using the BPMN standard, which allows to include the business model in the
definition of the data taxonomy, which may be then employed as a starting data model in the software
development process.

Future lines will include the formalization of the data taxonomy. Given the interoperable and
scalable nature of the platform, together with the differences between the health and care provision
policies that may vary between geographical regions, obtaining and processing data becomes a more
complex task than in conventional software platforms. Therefore, since medical data are combined
with data on the use of the platform, the actions to be taken include: determining the best practices
to obtain data within the ecosystem data flow; establish the data that could be commercialized on
each region taking into account the privacy rules and ethics applicable in each case; and the
development of methods and tools for the automated but anonymized (or pseudo-anonymized)
storage and analysis of the data during the business process.
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