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Abstract

Background: In response to the increasing pressure of the societal challenge because of a graying society, a gulf of new
Information and Communication Technology (ICT) supported care services (eCare) can now be noticed. Their common goal is
to increase the quality of care while decreasing its costs. Smart Care Platforms (SCPs), installed in the homes of care-dependent
people, foster the interoperability of these services and offer a set of eCare services that are complementary on one platform.
These eCare services could not only result in more quality carefor carereceivers, but they a so offer opportunitiesto care providers
to optimize their processes.

Objective: The objective of the study was to identify and describe the expected added values and impacts of integrating SCPs
in current home care delivery processesfor al actors. In addition, the potential economic impact of SCP deployment is quantified
from the perspective of home care organizations.

Methods: Semistructured and informal interviews and focus groups and cocreation workshops with service providers, managers
of home care organizations, and formal and informal care providers led to the identification of added values of SCP integration.
In a second step, process breakdown analyses of home care provisioning allowed defining the operational impact for home care
organization. Impacts on 2 different process steps of providing home care were quantified. After modeling the investment, an
economic evaluation compared the business as usual (BAU) scenario versus the integrated SCP scenario.

Results: The added value of SCP integration for all actorsinvolved in home care was identified. Most impacts were qualitative
such as increase in peace of mind, better quality of care, strengthened involvement in care provisioning, and more transparent
care communi cation. For home care organizations, integrating SCPs could lead to adecrease of 38% of the current annual expenses
for two administrative process steps namely, care rescheduling and the billing for care provisioning.

Conclusions:  Although integrating SCP in home care processes could affect both the quality of life of the care receiver and
informal care giver, only scarce and weak evidence was found that supports this assumption. In contrast, there exists evidence
that indicatesthe lack of theimpact on quality of life of the care receiver whileit increasesthe cost of care provisioning. However,
our cost-benefit quantification model showsthat integrating SCPsin home care provisioning could lead to aconsiderable decrease
of costs for care administrative tasks. Because of this cost decreasing impact, we believe that the integration of SCPs will be
driven by home care organizations instead of the care receivers themselves.
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Introduction

A Saocietal Challenge

Many parts of theworld face the same social evolution: an aging
society. It's a challenge because with an aging society the
demand for care increases while resource availability (both
human and monetary) is under pressure.

Information and Communication Technology (ICT)-enabled
care services have the potential to reduce costs while
maintaining or increasing the quality of care. Many examples
inthe primary (the general practitionersand health centers) and
secondary care sectors (hospitals and specialist) already exist.
Electronic health records and electronic drug prescriptions are
only acouple of many examples. All thesetypes of ICT-enabled
services foster better care communication, organization, less
medication or diagnostic errors, and more transparent data
sharing [1].

eCare Services

In recent years, focus intensified on aging in place and how
ICT-enabled services could support this. The number of
| CT-supported care applications (eCare) such as remote fall
detection[2], socia contact enhancing applications, and telecare
services to diagnose patients remotely [3] grew exponentially.
This has resulted in a fragmented and scattered |andscape of
eCare applications. Most of the services have individual and
standal one characteristics but interoperability often lacks [4].

Smart Care Platforms

In response to this barrier of noninteroperability and
nonintegrated eCare services, the introduction of smart care
platforms (SCPs) can be witnessed [5-9]. These SCPs allow
integration, monitoring, and data exchange between a set of
home care applications and services that run on a central
cloud-like platform. Smart care platforms foster better care
communication and information sharing among the professional,
informal care providers, and carereceivers[10]; therefore, SCPs
are not the same as telecare services though they can support
them. Furthermore, many SCPs allow the integration with
various monitoring sensors that provide specific context
information (eg, room temperature, movement of the person,
bed detection, sound level) [11]. Longitudinal analyses of these
data give meaningful insights in evolution of the condition of
the care receivers and their daily life patterns. In genera, the
functionalities of SCPs in terms of providing services can be
categorized and summarized as follows [9]:

Support Care and Care Processes

Examples of these services are: online meal delivery services,
alerting specific care actors in case of certain events, care
journals, and care agendas.
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Sharing Care I nformation and Care Communication

According to the role-based rights of the involved actors (eg,
GP vs informal caregiver vs care receivers), one can add,
change, erase, or annotate particular information of the care
receiver.

Support Social Life and Activities

Making video calls with friends or relatives or being able to
share some memorieswith family arejust some of these services
that support the social life of the home care receiver.

Monitoring Services

Integration of various sensors into the homes of the care
receivers allows monitoring of context data such as movement,
pressure sensors to detect bed or couch presence, accelerometers
to detect falls, light, noise, temperature, humidity, smoke
detectors, weighing scales, and so on. Through these sensors
all kinds of biometric or context information can be captured.
Analysis of sensor data allows evaluations of lifestyle trends.

Most SCPs exist with one or more of the above described
functionalities. In other cases, SCPs provide the basic set of
functionalities, which can easily be extended by adding modular
services[12]. O’ CareCloudS (OCCS) [12], the SCP devel oped
in the identicaly named research project is a complete
cloud-based platform. The basic service set of OCCS does
provide several servicesto foster better careinformation sharing
and socia connectivity. The complete service set covers. (1)
consulting and annotating the shared care record, (2) time and
task registration of the care givers, (3) care agenda and a smart
task list, (4) social calendar, (5) smart messaging service, and
(6) aservice catalogue for additional OCCS services. In addition,
modular lifestyle monitoring services can be added by installing
the necessary sensors. Although SCPs can support care
provisioning for all types of home care receivers, in this work
focusison elderly, asit can be expected that more elderly will
stay longer at home.

Evaluating Smart Care Platforms

SCPs are believed to have a positive impact on the quality and
the cost efficiency of care. But at the same time the main
characteristic of SCPs, the ability to connect multiple actors,
poses chalenges for its adoption. Multi-actor or
multi-stakeholders systems require at least a neutral and
preferably a positive perceived impact for every actor involved
before a successful adoption ispossible[13]. Alsoit’snot clear
which actor will initiate the adoption of SCPs.

Therefore, this paper focuses on determining and quantifying
theimpact of integrating SCPsinto present home care processes
for the elderly; in other words, evaluating the potentia effect
or added value of SCPs.

In the literature, previous work on several aspects of the
evaluation of SCPs can be found. We distinguish (1) research
on the evaluation methodology and (2) results of evaluation
processes of eCare services.
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The nature of SCPs and eCare services in general requires a
multi-aspect eval uation method. Eval uating these services solely
based on their medical impact would be insufficient; also
focusing on economic impact would be too narrow. Evaluating
eCare services in their totality requires looking at them from
several angels such as the economic perspective, the medical
impact, the social aspect, the impact on the involved actors,
legal issues, and technical barriers [13,14].

In this knowledge, different frameworks are developed
especialy for evaluating eCare services [13-16]. All of them
present a model or framework that takes into account several
perspectives of theimpact of integrating eCare or SCP services.
Salvi et al [17] presents an overall evaluation framework based
on quality of eCare servicesin the context of ambient assisted
living. This incorporates many quality characteristics such as
functionality, reliability, efficiency, and usability. However,
the framework does not take the economic perspective into
account.

In addition to the literature on the methodologies used for
evaluating eCare services or SCPs, previouswork on theimpact
of the integration and adoption of SCPsis also available.

Bossen et a [9] conclude that integrating SCPs in the home
environment of care receivers can facilitate and augment the
current home care processes and enhance the cooperation
between the several involved actors even more. Although larger
pilot tests are needed to further evaluate the CareCoor system,
initial tests revealed promising results and positive impacts for
the care network.

In contrast with the results of Bossen et a, findings from the
Whole Systems Demonstrator cluster randomized trialsindicate
that the effects of “ second-generation” telecareare very limited
and even without significant impact [ 18-20]. Except for asmall
benefit on psychological outcomes, the gain in quality of life
is very small [18]. This aso results in a very high
cost-effectivenessratio, meaning that the costs needed to obtain
that small increasein quality of life are very high and far above
the willingness to pay for it. According to Steventon et al [19]
the telecare services as implemented in the Whole System
Demonstrator do not lead to significant cost reductions in the
use of care services.

Contradiction of the results of these researches indicates that
more research is needed to clarify theimpact of 1CT-supported
care service. Thislack of evidenceis seen asone of the barriers
for adoption of eCare services [21]. The absence of the proof
of positive effects also impacts the formulation of policies or
new reimbursement systems[22]. This can affect the complete
business model of the eCare service provider [10].

This paper identifies the expected impact of SCP integration
for all actors involved. Via economic anayses, from the
perspective of home care organizations, potential benefits and
costs are compared with costs of current processes. Doing so,
thisresearch provides more clarity on viable economic business
cases for SCPs.

http://medinform.jmir.org/2016/4/€33/
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Methods

Overview

The methodology consists of 2 phases (see Figure 1). In the
first phase, all various forms of potential impact and benefits
are identified. During a second phase a 4-step economic
cost-benefit analysiswas modeled from the perspective of home
care organizations.

Phase 1. Impact | dentification

First, expected fields of impact should be identified for each
actor within the context of home care provisioning. The
methodology known as the innovation Binder Approach [23]
resulted after multiple iterations in input data from various
perspectives such as technology, user or social, and business.

Additional input for this identification process resulted from
workshops, focus groups, and semistructured and informal
interviews with field experts such as managers and
administrative staff members of home care organizations, home
care providers, and technology providers. Both qualitative (eg,
less anxiety, increased peace of mind, decreased burden of care)
and quantitative impacts (eg, process excellence such as less
administration or faster billing procedures) can be expected for
the actors.

Phase 2: Cost-Benefit Analysis From the Per spective
of Home Care Organizations

Step 1: I1dentifying the Affected Home Care Processes
via Process Breakdown Analyses

Adopting SCPs will affect several processes needed to provide
home care such as administration tasks, communication, and
sharing information. Via a high-level home care process
breakdown, home care organizations were able to locate the
most resource-intensive processes that could be affected after
integrating SCPs. After this step, the identified process steps,
care scheduling and billing processes in this case, were further
decomposed.

Step 2: Quantification of Costs of the Current Business
as Usual and I ntegrated Smart Care Platform Scenario

Effects such as better scheduling and task coordination have
direct quantitative impactsin terms of monetary or time savings.
In this project, no qualitative or quantitative research has been
carried out on the impact on health utility for care receivers
such as surveying the quality of life. Therefore, this work
focuses on the changes in the care scheduling and hbilling
processes of a care organization (direct quantitative benefits).

To do so, first the annual expense of the BAU was quantified.
After SCP integration, the BAU could be affected, resulting in
new costs. This assumed impact, provided by home care
managers and staff members during focus groups and
semistructured interviews, ismodeled in aswell. Thedifference
or delta between the 2 scenarios is defined as a direct benefit if
the costs of the integrated SCP scenario are lower than the costs
of the BAU scenario.
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Figure 1. Schematic overview of the two-phase research method.

| Identifying the impact of SCP integration for all actors involved in home care:
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Informal care givers
Formal care givers
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[Phase 2: Cost-benefit analysis

, workshops, focus groups,
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care managers and staff members

Step 1: process impact identification

High-level home care process breakdown

Detailed decomposition of impacted process steps
Formulation of new process layout after SCP integration

Methodology: workshops, focus groups, semi structured with home

L]

Step 2: Impact quantification
L]

Quantification of impact of SCP integration by numerical modelling
new resource usage: e.g. time, personnel, # calls, transport time,...

Methodology: impact assumptions provided by home care managers

{

integrated SCP scenario
L]

L ]
- product life time
- economies of scale

SCP scenario)

Step 3: Cost modelling & economic evaluation of BAU vs.

Modelling expected costs for SCP integration: CapEx & OpEx
Modelling expected cost evolutions:

Economic evaluation of current (BAU) and new process (integrated

L]

Step 4: Sensitivity analysis

Step 3: Economic Evaluation: Comparing thelntegrated
Smart Care Platform Scenario With the Business as
Usual Scenario

The goal isto research whereas the resulting benefitsjustify all
the operational costs and investments that are needed for
adopting SCPs. Thus, after quantifying the expected effects,
the BAU is compared with the new “Integrated SCP scenario.”
Therefore, the costs of SCP integration are also model ed.

Step 4: Dealing With Uncertainty via Sensitivity Analyses
Although this cost-benefit model is developed with realistic
data provided by service providers and experts from home care
organizations, it islikely that variations of the valueswill occur.
Therefore, we need to check whether the model still behaves
normally with varying input values. Sensitivity analysis also
provides us with a confidence interval for the result based on
the input parameters model ed with known variations.
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Results

Phase 1. Overview of Potential |mpact Per Actor

In the first step of thisresearch, the potential impacts or added
values, resulting from the adoption of SCPs, are identified per
actor involved. Methodol ogies used to identify theimpacts are:
the “Innovation Binder Approach,” as described in [23],
informal and semistructured interviews with managers of care
organizations, informal and professional care providersand care
receivers.

Table 1 presents the various expected added values identified
per actor along with the nature of impact (qualitative or
guantitative). Within the context of home care, the following
actors are included: (1) care recipient or patient, (2) informal
care giver, (3) formal or professional care giver and home care
organization, (4) careinsurersor payersand society, (5) primary
care, and (6) secondary and tertiary care.
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Table 1. Identification of added values that can be expected per actor.

Vannieuwenborg et al

Actor Added value description Impact type: qualitative or
quantitative
Care receiver Control of the organization of care Qualitative
Strengthened involvement and empowerment Qualitative
Higher quality of care Qualitative
Higher state of peace of mind Qualitative
Higher state of self-management, |ess care dependent Qualitative
Lowered barriers for social contact and decrease of social isolation Qualitative
Better informed of existing and practical care support services Qualitative
Informal care giver Better care task coordination Qualitative
Improved quality of care or work atmosphere Qualitative
Less stress, less unexpected tasks, increased state of peace of mind Qualitative
Being better (and real time) informed Qualitative
Formal care giver and Better care task coordination Qualitative
care organization Improved quality of care or work atmosphere Qualitative
Less stress, less unexpected tasks, increased state of peace of mind Qualitative
Significant decrease in administration time (scheduling, adapting schedules, billing, etc)  Quantitative
Reassuring care receivers when delay during care visits Qualitative
Primary care (GPs) Access to more complete care and context data Qualitative
Improved quality of care, faster and more complete diagnoses Qualitative
Being better (and real time) informed Qualitative
Secondary and tertiary care  Access to more complete care and context data Qualitative
Being better informed Qualitative
Improved quality of care, faster and more complete diagnose Qualitative
Careinsurer or payer and More opportunities for prevention Qualitative
society Savings because of delayed transition to care home Quantitative
Increase in cost-efficiency Quantitative
Overadl higher quality of care Qualitative
Transition from curative to preventive care Qualitative

Although the potential impact for every care giver is
considerable, in what follows only the impact for the care
organization is quantified. This actor is considered as an SCP
initiator for 2 reasons:

«  Severa home care organizationsalready provide monitoring
services such as personal alarm system and work with call
centers. Offering SCPs toward their clients would extend
the current service offers.

«  SCPshave the potential to smplify and decrease the costs
for organizing home care. Therefore, home care
organizations have a potential incentive to adopt SCPs.

Phase 2: Cost-Benefit Analysis From the Per spective
of Home Care Organizations

The home care organizations themselves are convinced that a
lot of improvement is possible in the process of home care
provisioning. In order to detect which process steps would be
affected by SCPs, semistructured interviews and focus groups

http://medinform.jmir.org/2016/4/€33/

with care organizations were carried out to collect data to be
able to quantify the current costs for billing and rescheduling
processes.

These data served as input for a numerical model to calculate
the potential benefits and costs. In what follows, all results of
the 4-step model (Figure 1) are discussed.

Step 1: Process | mpact | dentification

In the first step, the complete process of home care provision
is broken down into several main and sub process blocks. This
allowed the managers and staff members of the home care
organization to locate process steps that potentially would be
affected when integrating SCPs.

Figure 2 presents the high - level process spider chart for home
care provisioning. The main process blocks for home care
provisioning are patient intake phase, preparation of the care
delivery, actual care delivery, and care delivery administration.
Two-process steps were identified by the expert team as
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potentially impacted by adopting SCP. First, the current process
for billing for home care was identified and second, the process
that takes place when something hasto changeto the actual care
schedule. For instance, when a caregiver gets sick, all planned
appointments need to be reallocated to other care givers. A
second example provided by the expert group is: when aclient
visits the hospital, all planned care visits should be replaced
with others, otherwise the care givers would have no work. A
more detailed decomposition of both processes is shown in
Figure 3.

Figure 2. High-level process breakdown of home care delivery.

Time internal education
personel

Ti { | - .
communication (hone) per Organization dependent
patient Time investment

-time/patient/year-

avg. Time internal
communication (phone) per
patient

Avg. time helpdesk per
patient (aantal oproepen/
aantal patienten * gem tiid
per oproep)

Time investment
Home care
organization

Patient Driven
Time investment
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Step 2: Quantification of Costs of the Current Business
as Usual and I ntegrated Smart Care Platform Scenario

TheProcessBreak Down and Resour ce Usage of the Current
Business as Usual Scenario

In the next step each process block of the current billing process
isquantified in terms of cost per year. The sameisdone for the
rescheduling process. Relevant data in order to calculate the
cost of the current processes or business as usua are presented
in Table 2.

Administrative (Intake)
Subscription

Internal preparation
communication Staff
care organization

Education informal
caregiver

Intake phase

-1 time/patient- Education care

dependent

Education Staff
(hardware/software)

Transport time

Installation hardware

Internal communication
(care organization) care
status and events

Care delivery

Time care administration
(zorgschrifie'+ task
registration)

Time care administration
(File: care giver)

Time care administration
(File: care
organization_Copying data)

Time processing task
registration, billing patients
and wages personel

Care delivery
administration

preparation phase

-1 time/week/ X patients-

Time consulting and
updating patient record

Time patient care
scheduling

Time scheduling care

Time care processes personel

Care delivery
process

-X times/week/patient-

Transport time

-X times/week/patient-

Chart presents the care organization blocks potentially impacted by the integration of an OCCS system.

Every block is expressed as avg. time investment per patient
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Figure 3. Process decomposition of current billing and care rescheduling processes—business as usual (BAU) scenario.

Current Billing Process

1.Inputting billing data per visit

Y

2. Bringing/mailing the data lists to the
central office of the care organization

Y

3 Inputting data lists into the billing
software

Y

4.Sending the customer bills to the
clients

Current Care Reschedule
Process

1. Care giver or care receiver notices
the central of the care organization of
a change in the schedule

Y

2. Care central contacts and
schedules other care givers and care
receiver

Y

3. Care central notices the initially
dedicated care giver of the change

Y

4. Noticing the care receiver of the
change of care giver

Table 2. Cost parameters and drivers used to calculate the cost of the business as usual (BAU) process.

Numerical parameters for the current billing process

Numerical parameters for the current rescheduling process

Number of care visits per month

Total amount of care givers

Full-time equivalents (FTEs) of care providers

Time needed to input the data into the back-end system

Cost for mailing the monthly visit records of the care giver to the care
organization

Time needed for inputting the data after each visit

Average wages of the administration staff and the care providers
Transport time

Transport frequency

Time needed for rework due to errors

Frequency of care rescheduling in terms of percentage of the total amount
of planned care visits

Telecommunication costs for calling the central administration office

Average time needed to make the rescheduling exercise (not every care
provider can be reallocated to a changed care visit due to professional or
personal reasons (eg, care provider must speak Dutch, cannot be pregnant
because of potential diseases of the cat of the care receiver)

Time needed to inform the original dedicated care giver
Scheduled visits per month

Number of rescheduled visits per month
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Figure 4. The costsfor the current rescheduling activities are more than 3 times higher than the current costs for billing administration. Thisis mainly
caused by the wages of central office staff members who do the actual rescheduling (see Multimedia Appendix 1).

Undiscounted Cumulative Cash outflows current Billing and rescheduling procesesses

(case OCCS)

&
8

€ Thousands
8
g

g

&
E]

2500
2000 =
1500 >
1000 -

500 -

—Total Cumulative Cash outflow
without smart care platform
integration (current processes)

.= ===Total Cumulative Cash outflow

Pd due to care rescheduling activities

— - Total Cumulative Cash outflow
due to care billing administration

The model was initially designed for an East Flemish Care
organization involved in the OCCS project, but is not limited
to this organization. This region counts about 881 full-time
equivalent home care givers who are members of the care
organization. All data and results are valid within the scope of
the OCCS project [12]. According to the managers of the care
organizations, the input provided and process issues described
aresimilar for al Flemish and even Belgian care organizations.
For detailed data of current billing and rescheduling processes
see Multimedia Appendix 1.

Figure 4 presents the current cumulative cash outflows per
quartilefor both the billing and rescheduling processes. Intotal,
these 2 processes cost about €510,000 per year for thisprovincia
division of the Flemish care organization involved inthe OCCS
project.

The Process Break Down and Resource Usage for the
Integrated Smart Care Platform Scenario

Together with the care organization we modeled how an SCP
would affect the current billing and rescheduling processes.
Some process steps would remain unchanged; others would
even disappear or would be affected. Figure 5 shows what
process steps would be affected and how.
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For detailed data on the affected process parameters, see
Multimedia Appendix 2. Figure 6 shows the expected
cumulative cash outflows of the new processes.

Given the validated impact assumptions such as reduced time
needed for putting in the billing information, fewer telephone
calls, no correspondence needed anymore, and so on, the total
annual expense of the new processes, investments in SCP
excluded would decrease to €160,000 per year. This means a
reduction of 69% of the total cost of the current billing and
rescheduling processes can be obtained. Figure 7 presents the
comparison between the cumul ative expected costs of the current
and future billing and rescheduling processes.

A clear difference between the costs of the current and potential
new billing and care rescheduling processes can be seen. But
thelatter requiresasignificant investment in order to reach these
potential savings. Furthermore, it is expected that the data
inputting process could be more time-efficient for the care
provider by the use of the smart care app on the mobile phone.
For the provincial home care organization involved in the OCCS
project, this could free up nearly 11,000 h per year ([1488
minfyear — 744 min/year] x 881 FTES); see Multimedia
Appendices 1 and for data. This time could be spent with the
care receiver, resulting in better quality of care (more quality
time for the patient) without affecting the cost.
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Figure 5. Process decomposition of new billing and care rescheduling processes (adaptations are indicated in green)—integrated smart care platform

(SCP) scenario.
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Figure 6. In the new integrated smart care platform scenario, the billing process is aimost completely automated. That explains the low cumulative

cash outflow due to the future billing processes (see Multimedia Appendix 2).
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Figure 7. Automating the billing processes and rescheduling processes would lead to a process cost reduction of 69%.

Comparison undiscounted Cumulative Cash outflows 'BAU' vs. 'integrated SCP scenario’
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Table 3. Investments to integrate O’ CareCloudS (OCCS), based on expert estimations within OCCS and sector averages.

20 )l Quartile

= =Total Cumulative Cash outflow: 'integrated SCP scenario’

Description of investment Value Unit

Every care provider needs a (basic) mobile phone, not only the people who work full-time, but also the people who 80 €/care provider

work part time. (The lifetime of these devicesis currently set at 3 years. Then they need to be replaced) [ CapEX]

Every care provider needs a mobile telecommunication subscription. (There exist special group tariffs for care organi- 40 €lyear per care

zation, that is why this annual expenseisinitially modeled rather low) [ OpEX] provider

Each care provider needs to have access to OCCS. An annual subscription cost is modeled per care provider. [OpEX] 20 €lyear per care
provider

Each care provider needs to be educated to understand the functionalities of the SCP (2 h of education) [ CapEX] 31 €/care provider

The SCP needs to be integrated into the back-end systems (1 FTE during 3 months) [ CapEX] 14,700 €

An annual operational cost which is modeled as a percentage of the integration cost is needed to keep the SCP up and

5%

running [ OpEX]

Step 3: I nvestment Modeling and Economic Evaluation

Smart Care Platform I nvestment M odeling

The expected savings can only be obtained if the home care
organization invests in an SCP system like OCCS. These
investments are modeled in Table 3.

Furthermore, economies of scale are modeled for the SCP
subscription cost per care provider. This is modeled as a
staircase function, driven by the number of care providers
connected with the SCP.

Therollout of an SCP within the complete care organization is
modeled as a staircase function as well. Thiswas asked by the
managers of the home care organi zation. Each quartile, 25% of
all care givers are provided with the needed hardware and the
education time. After 1 year, al care givers are connected with
the SCP.
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Economic Evaluation: Comparing the Integrated Smart
CarePlatform Scenario With the BusinessasUsual Scenario

Now that the impact and costs of SCP integration are known,
we can investigate whether the impact is still positive after
taking into account all the costs for SCP deployment.

The following graph (Figure 8) shows the expected evolution
of the undiscounted cash outflow in asituation in which asmart
care system would be deployed in 1 year compared with the
costs of current billing and rescheduling processes.

Based on the provided data, integrating an SCP would have a
payback time which is less than 1 year. Within a period of 8
years after the investment, atotal cost reduction of 38% can be
expected.

From Figure 9 one can see that, according to this model, the
total annual expense per care provider can maximum increase
to about €150 per person per year. At that level, the expected
costs of the SCP integration would be the same as the current
costs, everything smaller than €150 would lead to savings.
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Figure 8. Inthefirst year, the cash outflow of theintegrated smart care platform (SCP) scenario is the same as for the current business as usual (BAU)
scenario because of the initial investments. But after that, one can see clearly the potential savings of integrating an SCP.
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Figure 9. Expected evolution of the cumulative cash outflow in case the annual cost per care provider would be € 150. This is the upper boundary for

the yearly costs per care provider.
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Table4. Modeled distributions for uncertain input parameters, based on expert estimations within O’ CareCloudS (OCCS).

Parameter

Modeled distribution

Number of hours needed for education (h)

Annua SCP maintenance costs (% of integration cost)
SCP back-end integration cost (€)

Cost for mobile phone (€)

Yearly Telco subscription for the care provider (€/year)

Yearly smart care platform subscription cost for the care
providers (€/year)

Normal distribution with parameters mean=2.00, SD=0.32

Normal distribution with parameters mean=0.05, SD=0.01

Lognormal distribution with parameters|ocation=104,000, mean=14,700, SD=3498.6
Maximum extreme distribution with parameters likeliest=80, scale=1.94

Normal distribution with parameters mean=40, SD=11.76

Betadistribution with parameters minimum=15, maximum=100 alpha=1.2, beta=2.6
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Step 4: Dealing With Uncertainty

To take uncertaintiesinto account, such asthe assumed impacts
on both affected processes, a sensitivity analysisis performed.
Table 4 depicts the variations on uncertain input parameters.

The result of the sensitivity analysis indicates a 90% chance
that within a period of 8 years after the investment in an SCP,
the cumulative undiscounted cash outflow will lie between
k€2400 and k€3400 (see Figure 10).

Vannieuwenborg et a

Testing the model robustnessindicatesthat the SCP subscription
cost isthe driving parameter in thismodel (see Figure 11). This
is acceptable as the variance on this parameter is rather high
and because of the annual effect of it. The same istrue for the
Telco subscription cost. This means that it will be important to
negotiate good subscription prices for both access to the SCP
and for the telecommunication subscriptions.

Figure 10. Expected undiscounted cumulative cash outflow with Cls 90%, 50%, 25%, and 10%. In the worst-case scenario, the cost of the billing and

rescheduling process will still cost 18% less than in the current situation.
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Figure11. Theannua subscription cost for smart care platformsis expected to have the biggest impact on the expected savings, followed by the annual

expenses for telecommunication.
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Discussion

Principal Findings

Integrating SCPs such as OCCS could affect the care
administration process of care organizations. Based on the
provided process data of BAU and “integrated SCP scenario,”
an annual cost reduction of 37-38% could be expected. This
cost reduction does not result from the SCP's main purpose,
being sharing care data or monitoring care receivers, but from
the fact that digitizing one or more parts of an often
time-intensive manual process can save expensive resources.

The results indicate that at least for care organizations, which
are often important actors in the home care provisioning for
elderly, the impact of integrating SCPs within their own
scheduling and billing software is positive. This is important
because literature indicates that the impact of SCPs on the
quality of life of care receivers is rather limited and still not
convincing enough to drive a viable adoption.

This SCPintegration would not require involvement of the care
receivers or their informal caregiver. Only professional care
givers within the organizations could consult the care
information. Initially, for the care receivers and informal care
givers the added value of such a system would remain very
limited.

Therefore, we believe that until the added value of SCPsfor the
care receiver increases to a critical level for which there exists
aviablewillingnessto pay, the adoption of SCPswill be driven
by apositive affected actor such asthe care organizations. This
could be afirst step to digital integration and collaboration of
care organizations and afirst step toward a patient-centred care
system.

Once all personnel of the care organization receive education
and familiarize themselves with the functionalities, the home
care organization can open the other functionalities of the SCPs
also toward the care receivers, their informal care givers, and
other care providers. In thisway also other actors with alower
willingness to pay, because of the less direct quantitative
benefits of SCPs, can experience the added values of SCPs.

As this research is a part of the Flemish OCCS project, the
results are pertaining to the Flemish homecare organization
involved in the project. Asthe field experts who provided data
for thisresearch stated that the situation isthe samein the entire
Belgium and is the same even in many Western European
countries, therefore, the findings could be generalized.

Limitations

Although there are many beneficial impacts due to SCP
integration, it should be noted that SCP adoption will result in
some challenges and threats. Often there are concerns about
privacy, data ownership, and replacing human care toward
automated less personal care. It was not the focus of this
research to describe all potential barriers. The results of the

http://medinform.jmir.org/2016/4/€33/
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economic evaluation should not be affected by taking these
challenges and threats into account.

Another point of remark is the single-sided perspective of the
economic evaluation. Considering the case of the home care
organizations alone is a well-considered choice because we
strongly believe that these actors will drive adoption for SCPs.
However, other actors such as society, care payer, and formal
care providers could also experience economic impacts. From
that point of view, the results of the analyses are probably an
underestimation of the real effects. Future research on the
evaluation from more perspectives complemented with a study
on the impact on quality of life can bring more clarity.

Conclusions

Thiswork envisionsto identify, describe, quantify, and evaluate
theimpact of integrating new “ Cloud-like” smart care platforms
into the current home care processes. Thegoal of these platforms
is to offer trusted information and knowledge-based services
related to the care organization and delivery to the client or
patient. These servicesaim to support and foster communication
on the daily care-related needs, the social needs, and daily life
assistance.

One of the goals of integrating SCPs is to foster open
communication and data sharing among all the involved actors
(eg, care organi zation, general practitioner, formal and informal
caregivers). Thus, in order to stimulate usage of SCPs, al actors
involved should benefit from it or at least not be affected
negatively.

The research indicates that al actors could benefit from the
integration of SCPs. Care receivers can expect a higher quality
of life, informal care givers could face a higher state of peace
of mind, and formal care providers can provide the same quality
of care while there could be more quality time available. Care
organizations can optimize their care administration processes
and push the level of digitization even further. Finaly, care
insurers and society in general could profit because of the
possibility to provide personalized prevention and decrease or
postpone the move to care homes and let the elderly stay at
homeinstead. Although these expected effects sound acceptabl e,
it is not clear yet whether these impacts will convince care
receivers to adopt SCPs.

However, when we step away from the main goals of integrating
SCPs and focus on the potential effects that result from
digitizing and optimizing the current administration of home
care processes (billing and care scheduling in particular), our
guantification model indicatesthat acost reduction for the home
care organization of 37-38% could be expected and thousands
of hours per year could be freed up for providing quality care
by optimizing the current administrative tasks. Thus, if SCPs
could beintegrated within the already existing back-end systems
of care organizations or vice versa, the savings potential could
be a viable driver for the adoption of SCPs by home care
organizations.

JMIR Med Inform 2016 | vol. 4 | iss. 4| €33 | p. 13
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL INFORMATICS Vannieuwenborg et al

Acknowledgments

This research work was partially supported by the Concerted Research Actions grant for the research project: “High Potential
Entrepreneurship and entrepreneurial value creation: context influences, context interactions, and context extension” (project
code 01G03011) from the Ghent University and the NBB, National Bank Belgium. We acknowledge that part of this research
was also supported by the iMinds Project OCCS cofunded by agentschap voor Innovatie door Wetenschap en Technologie,
iMinds, and the following partners: Televic Healthcare, TPVision, Telecom I T, and Boone NV. We a so thank OCMW-Kortrijk,
OCMW-Ghent and Familiehulp for their cooperation in the project. The first author of this publication has also received funding
from agentschap voor Innovatie door Wetenschap en Technologie.

Conflictsof I nterest
None declared.

Multimedia Appendix 1
Current process breakdown (business as usual scenario).

[PDE File (Adobe PDF File), 79K B-Multimedia Appendix 1]

Multimedia Appendix 2
Future process breakdown (integrated smart care platform scenario).

[PDE File (Adobe PDF File), 91K B-Multimedia Appendix 2]

References

1.  Greenhagh T, StonesR. Theorising big IT programmes in healthcare: strong structuration theory meets actor-network
theory. Soc Sci Med 2010 May;70(9):1285-1294. [doi: 10.1016/j.socscimed.2009.12.034] [Medline: 20185218]

2. DeBackereF, OngenaeF, Van den Abeele F, Nelis J, Bonte P, Clement E, et al. Social-aware and context-aware multi-sensor
fall detection platform URL.: http://ceur-ws.org/Vol-1114/Poster Backere.pdf [accessed 2016-10-10] [WebCite Cache ID
619V 1yx87]

3. VillabaE, Casas|, Abadie F, Lluch M. Integrated personal health and care services deployment: experiencesin eight
European countries. Int JMed Inform 2013 Jul;82(7):626-635. [doi: 10.1016/j.ijmedinf.2013.03.002] [Medline: 23587432]

4. CzgaSJ. Long-term care services and support systems for older adults: the role of technology. Am Psychol
2016;71(4):294-301. [doi: 10.1037/a0040258] [Medline: 27159436]

5.  MorrisME, Adair B, Miller K, Ozanne E, Hansen R, Pearce AJ, et a. Smart-home technologies to assist older people to
live well at home. JAging Sci 2013;1(1):1-9. [doi: 10.4172/jasc.1000101]

6. Comficare. Comficare, zelfstandig wonen in eigen hand. URL: http://www.comficare.nl/over-comficare/ [accessed
2015-05-20] [WebCite Cache ID 6YfR2wCnr]

7.  Pervaya. Salveo: an intelligent tel ecare and home monitoring system for old persons living alone at home. URL: http:/
/www.pervaya.com/en/index.html [accessed 2015-05-21] [WebCite Cache ID 6Y h5s7QY G]

8. CaredBalance. CaredBalance: care for balancing informal care delivery through on-demand and multi-stakehol der service
design. URL: http://www.caredbalance.eu/ [accessed 2015-05-21] [WebCite Cache ID 6Y h631X1w]

9. Bossen C, Christensen LR, Gronvall E, Vestergaard LS. CareCoor: augmenting the coordination of cooperative home care
work. Int JMed Inform 2013 May;82(5):€189-€199. [doi: 10.1016/j.ijmedinf.2012.10.005] [Medline: 23127539]

10. Ehrenhard M, Kijl B, Nieuwenhuis L. Market adoption barriers of multi-stakehol der technology: smart homesfor the aging
population.. Technological Forecasting Soc Chang 2014 Nov;89:306-315. [doi: 10.1016/j.techfore.2014.08.002]

11. GokalpH, Clarke M. Monitoring activitiesof daily living of the elderly and the potential for itsusein telecare and tel ehealth:
areview. Telemed J E Health 2013 Dec;19(12):910-923. [doi: 10.1089/tmj.2013.0109] [Medline: 24102101]

12. iMinds. 2014. OCareCloudS: organizing carethrough trusted cloudy-like services. URL.: http://www.iminds.be/en/research/
overview-projects/p/detail/ocarecl ouds-2[ WebCite Cache ID 6Yib5Ev8U]

13. Vannieuwenborg F, van Ooteghem J, Vandenberghe M, Verbrugge S, Pickavet M, Colle D. A methodology for multi-actor
evaluation of theimpact of eCare services. Presented at: 2013 | EEE 15th International Conference on e-Health Networking,
Applications & Services (Healthcom). 2013. p. 76-80 URL.: http://ieeexplore.ieee.org/stamp/stamp.
jSp?tp=& arnumber=6720642& isnumber=6720623 [doi: 10.1109/HealthCom.2013.6720642]

14. Kazanjian A, Green CJ. Beyond effectiveness:. the evaluation of information systems using A Comprehensive Health
Technology Assessment Framework. Comput Biol Med 2002 May;32(3):165-177. [Medline: 11922933]

15. van Gemert-Pijnen JE, Nijland N, van LM, Ossebaard HC, Kelders SM, Eysenbach G, et a. A holistic framework to improve
the uptake and impact of eHealth technologies. JMed Internet Res 2011;13(4):€111 [FREE Full text] [doi: 10.2196/jmir.1672]
[Medline: 22155738]

http://medinform.jmir.org/2016/4/e33/ JMIR Med Inform 2016 | vol. 4 | iss. 4| €33 | p. 14
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=medinform_v4i4e33_app1.pdf&filename=3135c1f74123b5487bd84b62b18284c6.pdf
https://jmir.org/api/download?alt_name=medinform_v4i4e33_app1.pdf&filename=3135c1f74123b5487bd84b62b18284c6.pdf
https://jmir.org/api/download?alt_name=medinform_v4i4e33_app2.pdf&filename=866517af5cdebc6b539aa36bd0db2fec.pdf
https://jmir.org/api/download?alt_name=medinform_v4i4e33_app2.pdf&filename=866517af5cdebc6b539aa36bd0db2fec.pdf
http://dx.doi.org/10.1016/j.socscimed.2009.12.034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20185218&dopt=Abstract
http://ceur-ws.org/Vol-1114/Poster_Backere.pdf
http://www.webcitation.org/

                                            6l9V1yx8z
http://www.webcitation.org/

                                            6l9V1yx8z
http://dx.doi.org/10.1016/j.ijmedinf.2013.03.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23587432&dopt=Abstract
http://dx.doi.org/10.1037/a0040258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27159436&dopt=Abstract
http://dx.doi.org/10.4172/jasc.1000101
http://www.comficare.nl/over-comficare/
http://www.webcitation.org/

                                            6YfR2wCnr
http://www.pervaya.com/en/index.html
http://www.pervaya.com/en/index.html
http://www.webcitation.org/

                                            6Yh5s7OYG
http://www.care4balance.eu/
http://www.webcitation.org/

                                            6Yh63IXIw
http://dx.doi.org/10.1016/j.ijmedinf.2012.10.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23127539&dopt=Abstract
http://dx.doi.org/10.1016/j.techfore.2014.08.002
http://dx.doi.org/10.1089/tmj.2013.0109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24102101&dopt=Abstract
http://www.iminds.be/en/research/overview-projects/p/detail/ocareclouds-2
http://www.iminds.be/en/research/overview-projects/p/detail/ocareclouds-2
http://www.webcitation.org/

                                            6Yib5Ev8U
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6720642&isnumber=6720623
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6720642&isnumber=6720623
http://dx.doi.org/10.1109/HealthCom.2013.6720642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11922933&dopt=Abstract
http://www.jmir.org/2011/4/e111/
http://dx.doi.org/10.2196/jmir.1672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22155738&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL INFORMATICS Vannieuwenborg et al

16.

17.

18.

19.

20.

21

22.

23.

Kidholm K, Ekeland AG, Jensen LK, Rasmussen J, Pedersen CD, Bowes A, et al. A model for assessment of telemedicine
applications: mast. Int J Technol Assess Health Care 2012 Jan;28(1):44-51. [doi: 10.1017/S0266462311000638] [Medline:
22617736]

Salvi D, Montalva Colomer JB, Arredondo MT, Prazak-Aram B, Mayer C. A framework for evaluating Ambient Assisted
Living technol ogies and the experience of the universAAL project. AlS 2015 Jun 08;7(3):329-352. [doi: 10.3233/A1S-150317]
Hirani SP, Beynon M, Cartwright M, Rixon L, Doll H, Henderson C, et al. The effect of telecare on the quality of life and
psychological well-being of elderly recipients of social care over a 12-month period: the Whole Systems Demonstrator
cluster randomised trial. Age Ageing 2014 May;43(3):334-341 [FREE Full text] [doi: 10.1093/ageing/aft185] [Medline:
24333802]

Steventon A, Bardsley M, Billings J, Dixon J, Doll H, Beynon M, et al. Effect of telecare on use of health and social care
services: findings from the Whole Systems Demonstrator cluster randomised trial. Age Ageing 2013 Jul;42(4):501-508
[FREE Full text] [doi: 10.1093/ageing/aft008] [Medline: 23443509]

Henderson C, Knapp M, Fernandez J, Beecham J, Hirani SP, Beynon M, et al. Cost-effectiveness of telecare for people
with social care needs: the Whole Systems Demonstrator cluster randomised trial. Age Ageing 2014 Nov;43(6):794-800
[FREE Full text] [doi: 10.1093/ageing/afu067] [Medline: 24950690]

Vannieuwenborg F, KirtavaZ, LambrinosL, Van Ooteghem J, Verbrugge S. Implications of mHealth Service Deployments:
A Comparison between Dissimilar European Countries. In: Stiller B, Hadjiantonis AM, editors. Telecommunication
Economics. Berlin: Springer; 2012:56-66.

Nolte E, Emma Pitchforth E. 2014. What is the evidence on the economic impacts of integrated care? WHO Europe. URL:
http://www.euro.who.int/__data/assets/pdf_file/0019/251434/
Wheat-is-the-evidence-on-the-economic-impacts-of -integrated-care. pdf [accessed 2016-10-10] [WebCite Cache ID

619WL 9BaE]

Jacobs A, Duysburgh P, BleumersL, Ongenae F, Ackaert A, Verstichel S. Theinnovation binder approach: A guidetowards
asocia-technical balanced pervasive health system. In: Holzinger A, Ziefle M, Rdcker C, editors. Pervasive Health:
State-of-the-art and Beyond. London: Springer; 2014:69-99.

Abbreviations

BAU: business as usual
FTE: full time equivalent
OCCS: O'CareCloudSs
SCP: smart care platform

Edited by G Eysenbach; submitted 07.08.15; peer-reviewed by L Smonse, F De Backere, R Drost; comments to author 17.11.15;
revised version received 02.08.16; accepted 22.08.16; published 31.10.16

Please cite as:

Vannieuwenborg F, Van der Auwermeulen T, Van Ooteghem J, Jacobs A, Verbrugge S, Colle D

Evaluating the Economic Impact of Smart Care Platforms: Qualitative and Quantitative Results of a Case Sudy
JMIR Med Inform 2016;4(4):e33

URL: http://medinform.jmir.org/2016/4/e33/

doi: 10.2196/medinform.5012

PMID: 27799137

©Frederic Vannieuwenborg, Thomas Van der Auwermeulen, Jan Van Ooteghem, An Jacobs, Sofie Verbrugge, Didier Colle.
Originally published in IMIR Medical Informatics (http://medinform.jmir.org), 31.10.2016. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses’by/2.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR
Medical Informatics, is properly cited. The complete bibliographic information, a link to the original publication on
http://medinform.jmir.org/, as well as this copyright and license information must be included.

http://medinform.jmir.org/2016/4/€33/ JMIR Med Inform 2016 | val. 4 | iss. 4| €33 | p. 15

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1017/S0266462311000638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22617736&dopt=Abstract
http://dx.doi.org/10.3233/AIS-150317
http://ageing.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=24333802
http://dx.doi.org/10.1093/ageing/aft185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24333802&dopt=Abstract
http://ageing.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=23443509
http://dx.doi.org/10.1093/ageing/aft008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23443509&dopt=Abstract
http://ageing.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=24950690
http://dx.doi.org/10.1093/ageing/afu067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24950690&dopt=Abstract
http://www.euro.who.int/__data/assets/pdf_file/0019/251434/What-is-the-evidence-on-the-economic-impacts-of-integrated-care.pdf
http://www.euro.who.int/__data/assets/pdf_file/0019/251434/What-is-the-evidence-on-the-economic-impacts-of-integrated-care.pdf
http://www.webcitation.org/

                                            6l9WL9BaE
http://www.webcitation.org/

                                            6l9WL9BaE
http://medinform.jmir.org/2016/4/e33/
http://dx.doi.org/10.2196/medinform.5012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27799137&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

