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Abstract

Around the world, the costs in the healthcare sector are increasing abruptly, and the countries face a growing
challenge in coping with them properly. Some of the reasons for the fast increase in healthcare costs are the
aging population, increased demand for healthcare services, and the absence of knowledge on how much it
costs to deliver patient care. The growth in healthcare expenditures in Finland has increased faster than the
growth in GDP. This growth is not sustainable, especially in the long run.

Among the most significant structural problems in healthcare is public and insurance-based funding, and
output-based financing, which can lead to overdiagnoses, overtreatments, medicalization, and cost inflation.
This is one of the reasons there is a widespread discussion that the healthcare systems should be transformed
into value-based systems. The main idea of value-based healthcare is to simultaneously improve the
effectiveness and the cost-efficiency of the systems.

It is crucial to find effective solutions and methods to improve both effectiveness and cost-efficiency in the
healthcare sector. Artificial intelligence and machine learning have a vast potential in changing the
mechanisms in healthcare into more efficient ones. For example, artificial intelligence -based diagnostic
algorithms are entering the healthcare market. This study analyzes the performance of such a diagnostic
algorithm of the Finnish start-up.

One of the goals of this study was to create a measurement framework for evaluating the performance of
triage, which is the process of determining the priority of patients’ treatments based on the urgency and
severity of their condition, and providing them with the appropriate care path. It was created with the help of
the literature review and short interviews. The main metrics chosen were: visit distribution, cost analysis,
throughput time, quality of triage, customer experience, and outcomes.

Another goal of this paper was to analyze how can artificial intelligence -based diagnostic algorithm improve
the performance of healthcare services. The data for the analysis was provided by one of the health centers,
which is located in the Helsinki Metropolitan area. The analysis was done with two diagnosis groups: related
to the respiratory system and stomach issues. The study was limited to simulation study utilizing real-world
data, but still, the overall performance accuracy would be around 80%, if certain conditions were met. The
physical appointments were estimated to be avoided in around 30% of respiratory-related diagnosis cases. The
average cost-saving potential was 16%, which would result in cost savings of 82,5 million euros in Finland in
one year only.

Keywords triage, healthcare, artificial intelligence, demand management, value-based care,
CIMO-model
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Tiivistelmé

Terveydenhuoltosektorin kustannukset ovat nousemassa nopeasti ympéri maailmaa, ja maat kohtaavat
kasvavia haasteita hillitd niitd. Terveydenhuollon kustannusten nopeaan nousuun ovat syind mm. véeston
ikddntyminen, lisdéntynyt terveydenhuoltopalveluiden kysynti ja tiedon puute potilaan hoidon todellisista
kustannuksista. Terveydenhuollon kustannusten kasvu on noussut Suomessa nopeammin kuin BKT:n kasvu,
mika ei ole kestdvad etenkédn pitkalla tahtdimelld.

Yksi merkittdvimmistd terveydenhuollon rakenteellisista ongelmista on julkinen, vakuutuspohjainen ja
suoriteperustainen rahoitus, mikd voi johtaa ylidiagnooseihin, ylihoitoihin, medikalisaatioon ja
kustannusinflaatioon. Tém& on yksi syy sithen, jonka takia keskustellaan laajasti siitd, ettd
terveydenhuoltojérjestelmid  tulisi  kehittdd  vaikuttavuusperusteisiksi  terveydenhuoltojérjestelmiksi.
Vaikuttavuusperusteisen terveydenhuollon padideana on parantaa samanaikaisesti jarjestelmén vaikuttavuutta
ja kustannustehokkuutta.

On ratkaisevan tirkedd l0ytdd tehokkaita ratkaisuja ja menetelmid kustannustehokkuuden parantamiseksi
terveydenhuoltoalalla. Tekodlylld ja koneoppimisella on valtava potentiaali muuttaa terveydenhuollon
mekanismeja tehokkaammiksi. Esimerkiksi tekoédlyyn pohjautuvat diagnosointialgoritmit, ovat tulossa
terveydenhuollon markkinoille. Téssd tutkimuksessa analysoidaan suomalaisen startup-yrityksen
diagnosointialgoritmin suorituskykya.

Yksi tutkimuksen tavoitteista oli luoda triagen eli potilaiden hoitoonohjauksen suorituskyvyn mittaristo. Se
luotiin kirjallisuuskatsauksen ja lyhyiden haastattelujen avulla. Tarkeimmét wvalitut mittarit olivat:
kayntijakauma, kustannusanalyysi, ldpimenoaika, triagen laatu, asiakaskokemus ja tulokset.

Tutkimuksen toisena tavoitteena oli analysoida, miten tekodlyyn pohjautuva diagnoosialgoritmi voi parantaa
terveydenhuollon palvelujen suorituskykyd. Data analyysid varten oli saatu yhdeltd padkaupunkiseudulla
sijaitsevalta terveyskeskukselta. Analyysi tehtiin keskittyen kahteen diagnoosiryhméin: hengitysteihin ja
vatsavaivoihin liittyviin. Tutkimus rajoittui simulaatiotutkimukseen tosieldmén dataa kéyttden, mutta, tastd
huolimatta, kokonaissuorituskyvyn tarkkuus olisi noin 80% tietyin edellytyksin. Fyysisid tapaamisia algoritmi
ehdotti  viltettdivdn noin 30% hengitysteihin  liittyvissd diagnoositapauksissa. Keskiméddrdinen
kustannusséistopotentiaali oli 16%, mikd johtaisi 82,5 miljoonan euron kustannussdéstdihin Suomessa
yhdessi vuodessa.

Avainsanat hoitoonohjaus, terveydenhuolto, tekodly, kysynnan hallinta, vaikuttavuusperusteinen
terveydenhuolto, CIMO-malli
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Introduction 1

1 Introduction

The countries around the world are facing difficulties with the cost increases in their
healthcare systems, and a growing challenge in coping with them properly. The healthcare
sector is facing quite significant changes because of the aging population, a fast development
of different technologies and medicine, and their high costs (Kaplan & Porter, 2011). At the
same time, it is highly important to find effective solutions and high-quality methods in order
to improve the cost-efficiency in healthcare organizations, as the demand for services is
increasing and there is only limited amount of resources to try to meet that demand.

It is more and more important to share knowledge and manage different information
in healthcare. The healthcare organizations are willing to cut costs, but at the same time
improve the quality of services in order to provide better health outcomes. One of the key
tasks for healthcare providers from the point of view of offering cost-effective care is triage,
which is assessing the severity of patients’ illness within a short time after their arrival to
the emergency department, sorting them into certain groups prioritizing the most urgent
ones, and providing them with the appropriate care path and treatments (Christ et al., 2010;
Seiger et al.,, 2011). One of the main topics discussed, which has a huge potential in
achieving better health outcomes, is focusing on the value-based care (Porter, 2010).
Another trending solution is seen to be the use of digital health technologies in improving
outcomes (Agarwal et al., 2010; Murray et al., 2016). For example, artificial intelligence and
machine learning have a vast potential in changing the mechanisms in healthcare into more
efficient ones. Such technologies, as diagnostic algorithms, which can provide diagnosis,
emergence of the situation, and the suggested care path, based on the symptoms and other
information on the person, are entering the healthcare market. They can change the way
processes in the healthcare sector are handled, making them more efficient, and help the
system in handling the situation with increasing healthcare costs and difficulties with scarce
medical resources.

Nevertheless, there is limited evidence on the performance of value-based artificial
intelligence solutions in terms of improving the cost-effectiveness of care and, in particular,
the performance of triage. This thesis aims to analyze the performance of the artificial
intelligence -based diagnostic algorithm of the Finnish start-up called Etsimo Healthcare and

discuss the potential it can bring to the healthcare sector.
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1.1 Case company

Etsimo Healthcare (Etsimo as further reference) is a start-up from Finland, which offers a
healthcare platform that utilizes artificial intelligence, machine learning and robust health
data to determine the patient’s condition, care need and urgency, and the optimal care path.
Their mission is “to help everyone to stay healthy, sustain a high quality of life and prevent
irreversible chronic conditions”. For the patients the healthcare is available 24/7, which
saves them time and money. For the provider this means optimization of the processes and
resources, improved population coverage, and consistent quality at scale. Finally, for the
payer this means less unnecessary visits, faster recovery, and keeping people healthy instead
of treating already sick people.

According to Etsimo’s research, around 30% of the current doctor’s visits are
unnecessary from a medical perspective, over 70% could be handled remotely, and 40% of
diagnoses contain errors. All of these aspects are highly inefficient and costly. Therefore,
Etsimo provides patients with the appropriate care path, reducing unnecessary visits and
eliminating the errors that are human-related.

With the help of Etsimo’s artificial intelligence-based healthcare system (or diagnostic
algorithm), patients can mention all of the symptoms that they have, and, based on this (and
the patients' previous medical data), artificial intelligence provides the initial evaluation of
the diagnosis and determines the urgency of the care. The system aims to ask enough
questions to eliminate the impossible diagnoses from the suggestions and increase the

accuracy of the most likely diagnoses.

1.2 Research questions and objectives

The objective of this thesis is to develop a framework for measuring the performance of
triage and to simulate how an artificial intelligence -based algorithm can improve demand
management in primary care. To this end, the operation of the Etsimo’s algorithm, such as
how and on what basis it directs certain groups of patients to specific treatment pathways, is
examined, and this is compared with an actual data on patient flows. In addition to this, the
simulation on how this algorithm could change patient flows and potentially affect, for
example, the resources or costs required will be done. This study aims to conduct an analysis,
which has the idea to compare where the patients were directed in the real-life cases, with

the care paths where the algorithm would have directed them. Also, based on these
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differences, the analysis will be conducted on what impact will it have from the perspective
of the different parties in the healthcare system. Before the simulation, the purpose is to first
understand how the current triaging performance can be evaluated based on the literature
and data available. Based on the research objectives, the research questions can be

formulated as:

1. How can triaging performance be evaluated?
2. How can the artificial intelligence -based diagnostic algorithm improve the
performance of healthcare services?
a. From the perspective of patients?
b. From the perspective of healthcare professionals?

c. From the perspective of service providers?

The first research question will be answered with the help of the literature review, and also
by having two open interviews with people, who have a strong knowledge in the healthcare
sector. In order to answer the second research question, the data from one of the health
centers located in the Helsinki Metropolitan area will be requested and used for the analysis.
The real data will make it possible to perform a comparison and performance analyses

between the real-life cases and Etsimo's algorithm's performance.

1.3 Structure of the thesis

Chapter 2 of the thesis presents a literature review written by using the CIMO-framework
(Context, Intervention, Mechanisms, Outcome), where the context is healthcare services, the
intervention is artificial intelligence, the mechanism is demand management, and the desired
outcome is value for patients. First, the reader will be introduced to the healthcare system
and how the services differ from goods. Then, the topic of value-based care will be explained
in general, and also in Finland's context. The final topics of the theoretical part will be about
digital health technologies, their role in healthcare, and the demand management in
healthcare. After the literature review, in Chapter 3, the data and methods used will be
introduced. Chapter 4 will show the measurement framework for the evaluation of the
performance of triage created in this thesis. In Chapter 5, the results of the analysis will be
demonstrated. Finally, Chapter 6 includes the discussion of the results and the research

questions, lists the limitations of the study, and suggests some ideas for future research.
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2 Literature review

This chapter aims to describe healthcare as an industry, what are services and how they differ
from goods, what is value in healthcare, what is value-based care, the use of artificial
intelligence in healthcare, and, finally, demand management in healthcare. All of the topics
will be discussed by using the structure of CIMO-model (Denyer et al., 2008).

Figure 1 below illustrates the literature review topics with the help of the CIMO-
model. CIMO-model includes the problematic context (C), which is the healthcare services
in the case of this thesis, intervention (I), which is the artificial intelligence, intended
outcome (O), which is the value-based care, and mechanisms (M), which is the demand
management (Denyer et al., 2008). This model helps in setting up the first research
question’s metrics. The purpose of this thesis is to analyze how the artificial intelligence -
based diagnostic algorithm can improve the demand management in healthcare services, and

which should ideally lead closer to the value-based care.

MECHANISMS (M)

Demand
management

OUTCOME (0)

INTERVENTION (1)

Artificial intelligence Healthcare services Value-based care

CONTEXT (C)

Figure 1 CIMO-model and the connections of the literature review topics

2.1 CIMO-model

The CIMO-model includes a mixture of problematic context (C), for which a certain

intervention (I) type is suggested by a design proposition, to produce the intended
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outcome(s) (O) with the help of specified mechanisms (M). The context refers to the social
surroundings, including external and internal environment, where the interventions (in this
case the artificial intelligence -based diagnostic algorithm) occur. The intervention here
refers to the technology which is meant to change the way of doing things, and, in the end,
produces an outcome. The mechanisms show the way of how the interventions produce the
outcome in a certain context. Finally, the outcome is a "final product" that results from using
the interventions, and it can include, for example, a better efficiency or cost reduction.
(Denyer et al., 2008) The mechanisms produce an outcome, but the context affects the
mechanisms. Also, the same mechanisms may produce different outcomes in different
organizations, and the same organization may have several different mechanisms in use.
(Lillrank et al., 2019) Below is the Table 1 with the description of all of the components in
the CIMO-model.

Table 1 CIMO-model — the components of design propositions (Denyer et al., 2008)

Component Explanation

Context (C) The surrounding (external and internal environment) factors and the
nature of the human factors that influence behavioral change. They
include features such as age, experience, competency, organizational
politics and power, the nature of the technical system, organizational
stability, uncertainty and system interdependencies. Interventions are
always embedded in a social system and will be affected by at least four
contextual layers: the individual, the interpersonal relationships,

institutional setting and the wider infrastructural system.

Interventions (I) The interventions managers use interventions to influence behavior.
These are, for example, leadership style, planning and control systems,
training, and performance management. Both the nature of the
intervention and how it is implemented have to be examined. Moreover,
interventions carry with them hypotheses such as, for example,

"financial incentives will lead to higher worker motivation".

Mechanisms (M) The mechanism that in a certain context is triggered by the intervention.
For example, empowerment offers employees the means to contribute
to some activity beyond their normal tasks or outside their normal sphere
of interest. This then prompts participation and responsibility, offering

the potential for long-term benefits to them and/or to their organization.

Outcome (O) The outcome of the intervention in its various aspects, such as

performance improvement, cost reduction or low error rates.
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2.1.1 PROVE-IT-CIMO-model
DiRVa-project has built a so-called PROVE-IT-model, which enables faster and more

accurate further description and analysis of the effects of digital health technologies. The
valuable experience gained from the companies, which were part of the DiRVa-project, was
integrated into the PROVE-IT-model, which allows companies to evaluate and communicate
the effectiveness of their digital solutions. The digital solutions that were studied in this
project decreased the cost of patient treatment, improved the planning of the nursing staff
schedule, and enabled more individualized care without significant additional costs. In this
model, each part of CIMO is accompanied by a review framework that helps to describe and
analyze the essential features of the impact screening of digital health technologies. (Lillrank
et al., 2019) Below, in Figure 2, is illustrated the mentioned PROVE-IT-CIMO-model and

its parts and functions.

MECHANISMS (M)

Correct timing
Correct level of care
Integration

Coordination and process
controllability
e Evidence-based medicine

e Demand management
Co-creation of health

Stakeholders

INTERVENTION (1)

Clinical pathway OUTCOME (O)

Patient episode

Data collection:
® sensors
e self-reporting
eregister data

Step
Process

Direct impact on health
and costs

e Indirect impact on health

and costs

Processing:
e Algorithms
e Al

Output
e User interface
e Usability
e Timing

Acts
Value chain

CONTEXT (C)

Figure 2 The parts and functions of the PROVE-IT-model (Lillrank et al., 2019)
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Companies need a way to be able to show and prove to their customers, investors, and
authorities that their concept is working before getting started. If innovations have no real
evidence of what they can achieve, it can cause severe difficulties in spreading the product
or technology, and for companies to become international. Therefore, companies need
efficient and reliable methods to prove their effectiveness. Their technologies or innovations
can be tested during the implementation, and they can also be customized for different

contexts. (Lillrank et al., 2019)

2.2 Context

As mentioned earlier, the context refers to the social surroundings, including the external
and internal environment, where the interventions occur (Denyer et al., 2008). The digital
health technologies may have different impacts that can be directed to different contexts.
Also, intervening co-founders can reduce or increase the possible impacts. For example,
Etsimo's system should potentially affect the number of calls from potential patients to book
a time with a doctor, but, in addition, it affects the triage system, decreases unnecessary
doctor's visits, and makes it possible for the medical workers to have more time for the actual
work with the patients, instead of doing time-consuming administrative work. According to
Lillrank et al. (2019), the contexts can be viewed from different perspectives, which all
together form a whole context. These perspectives are a clinical pathway, stakeholder,
agents, acts, information, and process. In the case of this thesis, the context in which the

interventions occur is the healthcare system. (Lillrank et al., 2019)

2.2.1 Healthcare system

Healthcare is a very unique and interesting service industry. Every one of us is part of it at
some point in our lives. Healthcare can be described as a production system that is an
inevitable part of every society (Lillrank, 2018a, p.156). The delivery of healthcare to the
patients is a complex set of actions, which is also very dependent on information (Bose,
2003). Health is a product of healthcare, and health services can be referred to as
intermediate products (Lillrank, 2018a, p.147). However, health might not be produced by
the health services, as it is rather a possible and desirable consequence of the help delivered
by healthcare (Lillrank, 2018a, p.148). To understand completely the value chain that sets

up the healthcare industry, it is important to realize that healthcare is not actually industry
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as such, but rather a cluster (Lillrank, 2015). Lillrank (2018a, p.148) characterizes healthcare
as a purposeful activity with the responsibility to cure illnesses, treat different wounds,
prevent diseases, and improve the overall health of the patients. Also, according to Lillrank
(2018a, p.17), it is specified as “a multiverse of several activities, each with distinctive
business models and managerial logics”. All of them deal with medical issues but encounter
different kinds of demand, which have different solutions (Lillrank, 2018a, p.17). In
addition, Lillrank (2018a, p.18) defines healthcare as a “system within the service sector
which is bound by the general principles of production, which is founded on the basics of
purposeful action in human societies”. These are some of the aspects that make it difficult
to set up healthcare efficiently.

It is evident that healthcare is one of the industries with high information asymmetry
between the patients and healthcare professionals, and where this asymmetry is highly
significant. In this case, the patients simply have to trust the healthcare professionals. In
addition to this, patients are usually not the ones who pay for the treatment received.
However, the professionals are expected to provide the right decisions on the medical
treatments, regardless of self-interest, costs, and their willingness to please the patients.
(Arrow, 1963) Making this decision is not that simple, as the professionals also have to
compare the costs and the value that the treatments will create, but also not forgetting that
the healthcare resources are scarce and that they have to be used wisely.

The countries around the world are continuously facing difficulties with the cost
increases in their healthcare systems. As we can see from Figure 3 below, the current health
expenditure (% of GDP) in Finland has increased from around 6,8% to 9,2% in 17 years.
For reference, the figure also shows the same expenditure for the United States, which has
been increasing even more than in Finland. This example shows a paradox in the medicine
of the US, as investing more in human capital has resulted in worse health outcomes (Topol,
2019). Digital health technologies are among the systems that can affect this cost increase,

as it has a vast potential in increasing the efficiency of the many processes.
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Figure 3 The current health expenditure (% of GDP) in the United States and Finland, 2000-2017 (The
World Bank, 2020)

A great part of the fast increase in healthcare costs can be associated with the fact that
many have a complete absence of idea on how much it really costs to deliver patient care.
Hence, this makes it difficult for healthcare providers to manage better resource utilization,
reduce delays, and get rid of the activities that don't improve outcomes. (Kaplan & Porter,
2011) There are notable deficiencies in healthcare that have decreased the possible profits,
which are, for example, faulty diagnoses, mistakes in patient treatment, a tremendous waste
of resources, inefficient workflows, inequities, and high waiting times before having an
appointment with the doctor (Berwick & Hackbarth, 2012; Singh et al., 2014). Also, Berwick
& Hackbarth (2012) list six categories of waste in healthcare, which are failures of care
delivery, failures of care coordination, overtreatment, administrative complexity, pricing
failures, and fraud and abuse.

Healthcare is also facing some similar challenges, as the manufacturing industry is.
For example, there is increased complexity of processes caused by shorter stays of patients,
a shift from inpatient care towards outpatient and day care, increased use of new technologies
and innovations, and higher specialization. Also, there is a need for reducing costs and a
need for more efficient use of resources partly because of the political pressure to regulate
healthcare expenditure. Besides, another challenge is to improve service quality by
decreasing throughput times. Finally, the workload of healthcare personnel has to be

controlled not to worsen their working conditions. (Bertrand & de Vries, 2005, p.26)
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According to Bergman et al. (2011), it would also be obvious to think of the processes
from a citizen's point of view, when concentrating on the complete healthcare system, and
how it works. From this point of view, five main processes are recognized: keeping healthy
(prevention), detecting health problems, diagnosing diseases, treating diseases, and

providing for a good end of life. These processes are illustrated in Figure 4 below.

Keeping D:te‘:::'g Diagnosing Treating f';r::i:;:;%
healthy problems diseases diseases end of life

Figure 4 The five main processes in healthcare (Bergman et al., 2011)

Obviously, keeping healthy includes such preventative actions, as doing sports, eating
healthy, drinking clean water (and enough of it), and the less use of alcohol and tobacco. All
these personal daily choices affect our health at the individual level. By making healthier
choices every day, we can improve our health, and prevent the morbidity at a certain level.
Nevertheless, the healthcare system should also be proactively engaged in preventing future
illness. It is essential for everyone to be proactive in reaching out for help, in order to detect
health problems on time. The more time people are with no actions, regarding their
symptoms, the less effective the diagnostic and treatment processes might be. Thus,
everyone should be all the way more engaged with checking their own wellbeing status and
asking for help when it is needed. In the disease diagnosing part, the correct diagnosis is
highly critical. The wrong diagnosis can be both costly for the healthcare system, and
dangerous for the patient. This process is needed, in order to start the right treating process.
Treating diseases and caring for the patients is at the core of the majority of the present
discussions on the improvement of quality in healthcare. The correct diagnosis and
immediate care usually provide patients with the best outcome. This process can be
improved, if everyone cooperates with the healthcare system through self-management.
There might be some disagreements between a good end of life and good patient care from
the point of view of a particular health specialist. For example, the endless patient treatment
process does not always mean providing a good end of life. Effective treatment might affect
negatively on the patient's quality of life. (Bergman et al., 2011)

In the theoretically ideal circumstances, the first step of the process converts into the

last one, meaning that with preventative actions diseases are avoided, and the next step
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would be a good end of life. If any of the process steps fail in some way, the subsequent
processes will suffer. The more accurately and earlier the healthcare resource allocation and
overall improvements are made, the more valuable and cost-efficient they are. Finally, the
citizen should be considered more as someone, who is co-creating the improvements and
values in these mentioned processes, rather than just being one of the factors of production

in healthcare. (Bergman et al., 2011)

2.2.2 Services

Services are defined as the application of competences or skills through activities and
performance to benefit another entity (Vargo & Lusch, 2004). Services differ from the
products in four principal characteristics: intangibility, heterogeneity, inseparability, and
perishability (Zeithaml et al., 1985). The combination of these characteristics is often
referred to as the classic IHIP-definition. These characteristics are the ones that define
services, and, at the same time, show how they differ from goods. However, sometimes the
line between the goods and services is unclear. For example, the difference between the two
can lie in the level of co-creation, or the share of each, goods' and services', component.
(Lillrank, 2015) Below, in Table 2, are presented some of the differences between the
production of goods and healthcare services in terms of value, waste, process, coordination,

and system.

Table 2 Manufacturing vs healthcare (Torkki, 2016)

Production of goods Production of health services
Value The supplier creates value, and the | The patients and service suppliers co-create
customer experiences it by consuming the | the value.
produced good.
Waste The wasteful, non-value adding, and non- | Wrong choices, over-/undertreatment,
standard activities. risks, and uncertainty.
Process Plannable process with a clear sequence, | Emergent processes, limited planning
and a critical path. horizon, routines, and different options
Coordination Specific production levelling, and buffer | Difficult to standardize the production
stock. levelling. The inventory is queue.
System Closed Open
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The intangibility of services means that it is something that cannot be counted,
touched, owned, stolen, or returned. They are considered more like performances than
objects, and this is something that makes it difficult, for example, for companies to
understand how consumers evaluate service quality. (Parasuraman et al., 1985; Sampson &
Froehle, 2006) However, consumers often evaluate the quality by comparing their initial
expectations with the actual service performance, and also the process of service delivery
itself (Gronroos, 1984; Parasuraman et al., 1985). This fact means that the quality of service
depends on the expected and perceived service (Gronroos, 1984). Gronroos (1984) divides
the service quality into two different types: technical quality and functional quality. The first
one refers to what the consumer actually receives from the service provided. The second one
refers to the way how the service is delivered.

Heterogeneity means that services are complicated entities that, also, cannot be
standardized. Every service provided or received always varies at least to some extent, which
means that they all are unique. (Lillrank, 2015; Zeithaml et al., 1985) The most significant
challenge in service operations is how to accommodate the variability of services (Sampson
& Froehle, 2006), as the customers’ needs, situations, and resources are individual and
varying (Lillrank, 2015). One way to decrease variability in the processes of services is to
limit the choices in customer inputs (Sampson & Froehle, 2006).

The inseparability (simultaneity) of services means that they are produced and
consumed at the same time. This fact means that consumers can affect their production. Also,
a notable amount of production of services cannot start before the customer's input to it. This
aspect means that the just-in-time production is a must and not an option because the
customer is involved. (Sampson & Froehle, 2006)

Finally, perishability means that services are dependent on time, and they cannot be
stored for later utilization (Lillrank, 2015; Parasuraman et al., 1985). According to Sampson
et al. (2006), the capacity of services is perishable, instead of the service product itself. The
capacity is time-sensitive because most of the production of services cannot be initiated
before customers' inputs, as mentioned before. The service processes can still produce some
customer inventory, which is usually called a queue, and it experiences a holding cost. This
is because the inventory can be defined as "a mismatch between production and demand".
In the cases when costumers arrive and create a queue, this customer inventory can be got
rid of either when the server capacity matches the demand again, or when the customer

decides to withdraw himself or herself from the service process. (Sampson & Froehle, 2006)
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In addition to these four characteristics of services, Sampson & Froehle (2006) also
add up one more, which is customer participation, which describes some services, but not
all of them. Previously, Vargo & Lusch (2008) have identified customers as "co-producers"
of value, but later on, they claimed that the customers are always "co-creators" of value
instead. According to Sampson & Froehle (2006), the customers give their notable inputs
during the process of production of services. Whereas, the customers in the manufacturing
processes may only take part in consuming the output. Sometimes they can also contribute
to the designing of the products. (Sampson & Froehle, 2006) According to Dixon et al.
(2010, p.3), there are four different types of choices that patients can make: choice of
treatment (what), choice of the individual health professional (who), choice of appointment

time (when), and choice of which provider (where).

2.3 Outcome

The outcome in healthcare services can be defined as the created overall change in the
patients' state of health. Huber et al. (2011) have proposed the definition: “Health is the
ability to adapt and self-manage in the face of social, physical, and emotional challenges”.
As mentioned at the beginning of this paper, the value-based care aims to improve health
outcomes achieved and minimizing the costs that were required to achieve these outcomes.
According to Lillrank et al. (2019), the costs can be estimated in two different ways. The
estimation can be done either by allocating the actual costs of service providers to the item
of billing through activity accounting or by using national standard costs of healthcare
contacts or treatment episodes. (Lillrank et al., 2019)

One important aspect is to note that the costs are also borne by patients in healthcare,
and digital health technologies may affect them. There are direct and indirect financial costs
and also non-financial costs that are difficult to measure. For example, some non-financial
costs may be opportunity costs, as the lost time, and the costs that are difficult to monetize,
as the pain and anxiety of the patient. If there are no accurate meters to use to estimate the
costs, then some inaccurate meters should be used, such as the total duration of the clinical
pathway, number of visits, and self-reporting using different scales. According to Lillrank
et al. (2019), the basic rule in sorting out the outcome of the digital health technology
interventions is to calculate the possible outcome in the first interface, as if there are no

outcomes at this level, they will not be elsewhere either. It is crucial to decide how to use
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wisely the released resources, as then there will be no point in the better outcome produced

by the digital health technology interventions in the first place (Lillrank et al., 2019).

2.3.1 Value in healthcare

The most important goal of healthcare delivery should be excellence in patient value. Even
if a healthcare provider is financially successful, it will still fail in its core mission, if it does
not provide value for the patients. For example, only minimizing costs is the wrong type of
goal, as it would lead to counterproductive outcomes. The value will not be improved, if
short-term cost savings will eventually increase costs in the long run. It is useful to eliminate
waste and unnecessary services, but the savings have to come from true efficiencies, and not
from shifting costs, rationing, or reductions in quality. (Porter & Teisberg, 2006) Even
though access to healthcare is considered as one of the basic goals in the healthcare sector,
it still does not alone create value, but it rather makes it possible to create that sought value
(Porter, 2008).

The value received is something that really matters for patients, and not the number or
volume of different services delivered (Kaplan & Porter, 2011; Porter, 2010). In other words,
the aim of healthcare is maximizing health, not the number of steps provided (Lillrank et al.,
2016). The value is determined from the customer's point of view. If the value cannot be
determined with precision, then neither the non-value adding activity can be determined. If
the action does not create value for the patient, and it is not necessary for a certain operation,
then it is wasteful and adds no value. Also, if the action does not create value for the patient,
but it is necessary for the operation, then it is part of the process. Finally, if it creates value
for the patient, then it is just adding the needed value for the action or activity. (Torkki,
2016) Naturally, the value of care delivery improves when the same results are achieved by
spending less, or when better results are achieved at comparable or lower cost (Porter, 2008).
More care and more expensive care provided does not necessarily always equal to better
care (Kaplan & Porter, 2011). The achievement of great value for patients also benefits the
interests of other actors, such as payers, providers, and suppliers.

The problem is that the value in healthcare still remains considerably misunderstood
and unmeasured. Currently, healthcare delivery has such an organizational structure and
information systems that make it difficult to measure and deliver value. This is the reason
why most of the providers of healthcare fail to do so well. Also, proper health outcome

measurement is important as the value measurement is highly dependent on it. There is a big































































































































































