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Abstract

Innovative technology has been showing the potential to be an adequate venue for improving the quality
of care delivered. Any health service or treatment provided through the adoption and use of innovative
technology in healthcare can be seen as a digital health intervention. Thus, understanding conditions
that may facilitate their implementation at scale, has been increasingly important.

This dissertation focused on evaluating the potential of using a value network as an aiding tool to assess
the scalability of a digital health intervention. For this purpose, this study contributes with a first sugges-
tion of a value network modeling framework. The value network modeling framework was applied to an
illustrative case study in the Portuguese health context. This allowed the demonstration of how the tech-
nical component of the framework can be applied in practice. The final result of the suggested framework
is a value network that successfully depicts the dynamics involved in the implementation of the digital
health intervention in a healthcare system and the quantified value added by this intervention to each
stakeholder. This value network helps in answering whether the digital health intervention is worth it or
not, which is a crucial question in assessing its scalability. We suggest that is a way that a value network

may be used as an aiding tool to assess the scalability of a digital health intervention.
Keywords: Value Network; Scalability; Digital Health Intervention; MCDA; Framework

1 Introduction

One of the main goals of the healthcare system
is to provide universal health coverage [1, 2].
Good health can be achieved at a low cost
whenever resources are allocated toward more
cost-effective care [3]. Therefore, the commit-
ment to universal health coverage demands a
transformation of the healthcare system
grounded on appropriate care and efficient use
of resources [3, 4]. Innovative technology
shows the potential to be an adequate venue for
improving the quality of care delivered and col-
lecting evidence, supporting decision-making
across all levels and stakeholders of the system
[5, 6,7, 8].

Any health service or treatment provided
through the adoption and use of innovative
technology in healthcare can be seen as a digi-
tal health intervention [7]. As with any health in-
tervention, it is needed to be tested first on a
small scale and then assess its suitability to be
scaled up, i.e., the scalability of the intervention
[9, 10]. The concept of scalability was defined
by [9] as "the ability of a health intervention
shown to be efficacious on a small scale and/or
under controlled conditions to be expanded un-
der real-world conditions to reach a greater pro-
portion of the eligible population while retaining
effectiveness" (p. 289). Good practices and suc-
cessful implementations of technological inno-
vations have been identified. However, it has
been difficult to understand how these can be

sustained within contexts and scaled up to new
contexts [11]. This highlights the importance of
building evaluative and performance monitoring
systems into any significant health promotion in-
vestment so that funds can be withdrawn if it
does not meet intended objectives [9]. Some
studies [12, 13, 14] have been suggesting the
use of models from the business management
literature to possibly help to assess the scalabil-
ity of the implementation of the innovative tech-
nology in a healthcare system. One of these
models, which has been used for many years
and across several industries is the value chain
[15, 16]. However, while a value chain has been
defined as the entire production chain from the
input of raw materials to the output of the final
product consumed by the end-user [17], the
‘'value network' terminology is often used in
studies across many sectors, to reflect activities
being increasingly spread across many special-
ized firms, including studies of the healthcare
and pharmaceutical sectors [18, 19]. The model
of a value chain that consists of all the value-
generating activities [17] is not enough today to
aid in the decision-making in an extended enter-
prise. In contrast, the model of value network
does [20]. The fragmented nature of the
healthcare system makes a network and cus-
tomer-centric approach such as the value net-
work particularly attractive as an analysis tool
[21]. A value network is defined as “a dynamic
network of legally independent, collaborating



actors who intend to offer a specific service, and
in which tangible and intangible value ex-
changes take place between the actors in-
volved” [22] (p.347).

This work aims to evaluate the potential of using
a value network as an aiding tool to assess the
scalability of a digital health intervention. It is
necessary to review the literature on existing
frameworks to model a value network so that a
proper design of a value network was per-
formed. In this work, we aim to suggest a value
network modeling framework that is based on
and is an enhancement of the frameworks ex-
isting in the literature. Furthermore, we aim to
use a case study to illustrate how the value net-
work can be modeled and potentially validate
that the value network can be used as an aiding
tool to assess the scalability of a digital health
intervention.

2 Background

There is enormous potential for digital health in-
terventions to be effective, cost-effective, safe,
and scalable interventions to improve health
and healthcare [7]. As with any health interven-
tion, it is needed to test first on a small scale and
then assess its suitability to be scaled up, i.e.,
the scalability of the intervention [9, 10]. For
complex interventions, the consideration of fac-
tors associated with 'scalability’ is essential
since it is vital information that can help policy-
makers and decision-makers to facilitate the
widespread adoption and implementation at
scale [9, 10]. The proven effectiveness of a
health intervention on its own cannot be enough
to reach widespread adoption. There is a need
for tools that can produce reliable information
on scalability considerations. Since any health
service or treatment provided through the adop-
tion and use of innovative technology in
healthcare can be seen as a digital health inter-
vention [7], a digital health intervention is di-
rectly linked to innovative technology, and
therefore, the innovative technology adoption in
healthcare is linked to the scalability of a digital
health intervention. The literature has men-
tioned several challenges to achieving the
adoption of innovative technology in healthcare.
Two of the biggest challenges are the health
system fragmentation and the value assess-
ment [8, 23]. To assess the scalability of health
interventions with proven efficacy, it is crucial to
answering the following two questions [24]:
“Does it work in practice? Is it worth it?”. There-
fore, if the stakeholders could see the value that
the digital health intervention adds, then the in-
novative technology associated with it would be
more adopted, and therefore the digital health
intervention would have more potential to be
scaled up.

Following this reasoning and considering the
nature of the challenges presented, one possi-
ble solution to overcome these challenges,
which will be the focus of this work, is the design
and use of a value network model that may be
used as an aiding tool to assess the scalability
of a digital health intervention.

3 Literature Review

To fulfill the objectives of this work, it was nec-
essary to perform a review to identify and ana-
lyze the existing literature on 'value network'. It
is important to highlight that the literature on this
topic is sparse and dispersed. Additionally, little
research exists on its application in the context
of healthcare settings. Consequently, the litera-
ture review was crucial to gather all the defini-
tions and perceptions of this concept to make
us understand the variations between them, giv-
ing us a wider perspective on what comprises a
value network and how we can model it. Before
exploring how a value network can be modeled,
it was necessary to understand the value net-
work concept. Likewise, before defining the
value network concept, it was important to intro-
duce the value chain concept and find out the
motivations that drove certain organizations to
adopt a value network approach. The value
chain concept was developed for the first time
by Michal Porter during his studies on competi-
tive advantage [17]. This is a model to think stra-
tegically about business activities (value activi-
ties) in terms of costs and contribution. How-
ever, even though the value chain concept initi-
ated the first steps, a wider and deeper thought
about value creation was shaped, into the con-
cept of a value network [25]. While in the value
chain, there is a sequential and linear logic to
the process organization to reach value crea-
tion, in the more fluid value network, the process
does not have a rigid order but works at the
same time in a network within which there are
also external organizations [26]. The increased
globalization, widespread use of new technol-
ogy, and pressure to be online, flexible, and ef-
ficient have resulted in the formation of strategic
alliances, joint-ventures, and partnerships, and
a steadily increasing flow of inter-organizational
knowledge [27]. Since the first use of the value
network concept, there have been used many
definitions of this term through the years in stud-
ies regarding multiple sectors, including the
health sector. In this work, we will adopt the def-
inition of [22]. This is the most recent definition
found that contains all the characteristics to ac-
curately describe a value network. They state
that "a value network is defined as a dynamic
network of legally independent, collaborating
actors who intend to offer a specific service, and
in which tangible and intangible value



exchanges take place between the actors in-
volved" (p.347).

A value network model can have multiple and
diverse purposes in its use. A value network
model is an adequate tool that allows the defini-
tion of actors’ roles and understanding of their
main functions [28, 29]. It also allows knowing
how all the actors are linked together and what
are their value exchange mechanisms to pro-
duce economic and social value [29, 30, 31]. In
the case of the health sector, a value network
model leads to the understanding of how organ-
izations such as service providers, physicians,
and hospitals are linked together and how they
co-operate to produce value for the patient [21].
A value network model aids in the analysis of a
given situation in a way that provides useful
guidance in developing feasible alternatives
[32]. This contributes to the value network to be
a great tool that can be used to support deci-
sion-making [31, 32, 33, 34]. [21] defends that a
network and customer-centric model such as
the value network is particularly attractive as an
analysis tool. It enables the identification of bot-
tlenecks and information gaps that impact a
healthcare system’s performance [21]. An anal-
ysis of the value network model right from the
beginning of a project may improve the success
rate of health services development and deploy-
ment, and lead to substantial savings in costs
and resources [35].

To use the value network as a tool that possibly
can help in the assessment of a digital health
intervention, it was necessary to know first how
exactly a value network can be successfully
modeled, so it was needed to explore the litera-
ture where a value network was modeled and
applied. The review of this literature was funda-
mental to understanding what are the existent
frameworks to model a value network and if any
of them are, in fact, suitable to the context of our
study. However, most of the studies only fo-
cused on applying the value network for a cer-
tain purpose, without providing a clear and
structured methodology to accomplish it. There-
fore, we consider that these value networks
were modeled through an ad-hoc process. This
can hinder subsequent researchers that are try-
ing to replicate the process to reach similar ac-
complishments and hinder subsequent re-
searchers that are trying to advance the value
network model of the study or adapt it to other
research areas. The absence of a structured
methodology can also raise questions about the
validity of the value network designed [36].
Thus, these studies should not be a reference
point when modeling the value network. Never-
theless, three frameworks to model a value net-
work were found in this review, the Allee (2011)
value network modeling framework, the

Daaboul et al. (2014) value network modeling
framework, and the Grudinschi et al. (2015)
value network modeling framework. These
three frameworks provide significant and struc-
tured guidance to model a value network. Addi-
tionally, they were validated through their appli-
cation in case studies. In table 1, it is presented
a summary of the features of each framework to
compare them.

Framework Objective Det Part Pur Ser | Res Val | Chal
Allee (2011) Generic frame-
modeling work to be used in X X
framework all contexts
Framework con-
Daaboul et. al
structed for deci-
(2014) model- )
sion-support for X X X X

ing frame-
work

Mass Customiza-

tion design

Grudinschi et Generic frame-
al. (2015) work that can be
modeling used in all con-

framework texts

Table 1 — Features of each framework

Note: Det=Each step is detailed; Part=Identifies the participants
Pur=Assigns a purpose to the value network; Ser=Can be applied to
a service provision context; Res=Considers resources and assets of
each participant; Val=Identifies the value that each participant earns
from the value network; Chal=Ildentifies the challenges of each actor;

Despite the limitations, the Grudinschi et al.
(2015) framework can be used in all contexts,
provides a structured guide of clear steps to fol-
low when modeling the value network, consid-
ers both the tangible and intangible value, and
identifies the resources and assets of each par-
ticipant of the network and identifies the chal-
lenges of the activity of partnership of the value
network under consideration. Therefore, we
conclude that this framework can be further ex-
plored and enhanced to be suitable for our
work’s goal. However, despite being the most
appropriate of the three, this is not entirely the
appropriate tool to be used in the context of this
study, to aid in the assessment of the scalability
of a digital health intervention. This framework
does not include a step that focuses on the iden-
tification of the participants of the value network.
Additionally, it does not assign a purpose to the
value network and does not identify the goals of
its participants. Consequently, the added value
that the digital health intervention adds to each
participant cannot be quantified. Therefore, the
focus of this work was centered on suggesting
a new value network modeling framework by
trying to enhance the Grudinschi et al. (2015)
modeling framework in order to generate a
value network model that may help to answer
the question of whether a digital health interven-
tion has scalability or not. In general, we aimed
to use the suggested framework to model a
value network that can be used as a tool that
may help future researchers to assess the
scalability of a digital health intervention. A ma-
jor step in this direction would be the addition of
a phase of quantification of the value added by



the adoption and use of the digital health inter-
vention in a healthcare system to each partici-
pant through the use of multicriteria decision
analysis (MCDA) [37].

4 Methodology

In this work, we built upon the value network
modeling framework developed by [31], adapt-
ing it and overcoming its limitations to reach our
goal of achieving a framework to model a value
network that may be used as an aiding tool to
evaluate the scalability of a digital health inter-
vention. Before presenting this framework, we
need to present our chosen definition for con-
cepts that are fundamental in modeling a value
network. Our value network is composed of
stakeholders, which are any naturally occurring
entity that is affected by organizational perfor-
mance [38], e.g., hospitals, patients, or medical
device manufacturers. These can be a donor
stakeholder, which is a stakeholder that “do-
nates” the tangible or intangible asset, or a re-
cipient stakeholder, which is a stakeholder that
“receives” the tangible or intangible asset. Addi-
tionally, it is composed of transactions and de-
liverables. Transactions consist of the flow of
tangible and intangible assets. They are repre-
sented as arrows between stakeholders. A
transaction can be tangible or intangible. A tan-
gible transaction is expressed as a green arrow,
while an intangible transaction is expressed as
a red arrow. Tangible transactions are con-
tracted, mandated, or expected by the recipient
stakeholder as part of the delivery of a product
or service, e.g., telemonitoring the heart rate,
blood oxygen saturation, and blood pressure,
while intangible transactions are all the unpaid
or non-contractual transactions that make
things work smoothly and help build relation-
ships, e.g., transfer of knowledge in the treat-
ment of heart diseases. Deliverables are the as-
sets that are delivered from one stakeholder to
the other. A deliverable can be tangible (e.g.,
pacemaker) or intangible (e.g., knowledge and
expertise on heart diseases). Moreover, in this
framework, value is defined as the amount of
satisfaction created by fulfilling a certain goal of
a beneficiary party. It is subjective, it is depend-
ent on the circumstances, and it is tied to the
specific goals of the beneficiary party [40]. Our
value network modeling framework must be one
where each step is depicted and where the
steps follow a logical sequence to the value net-
work designer. One of the key aspects of the
framework must be its reproducibility. According
to a U.S. National Science Foundation (NSF)
subcommittee on replicability in science [39],
“reproducibility refers to the ability of a re-
searcher to duplicate the results of a prior study
using the same materials as were used by the

original investigator. That is, a second re-
searcher might use the same raw data to build
the same analysis files and implement the same
statistical analysis in an attempt to yield the
same results. Reproducibility is a minimum nec-
essary condition for a finding to be believable
and informative” (p.3-4). This means that any-
one who applies the modeling framework to a
specific problem using the same data should
obtain similar value networks, i.e., value net-
works with the same stakeholders, transactions,
and deliverables. Moreover, the value network
resulting from this framework should correctly
depict all the players involved in the implemen-
tation of a digital health intervention in a certain
healthcare system, as well as all the transac-
tions between each one of them that is funda-
mental to the success of the intervention. It
should be plainly represented what is being
transacted, to whom the transactions are di-
rected, and whether they are tangible or intan-
gible. Additionally, the goals of each stake-
holder should be identified since they are crucial
to making the designed value network a proper
input to a value measurement approach, which
must be also part of the framework. Overall, we
need to have a framework that produces a value
network model that can be considered requisite.
A requisite decision model is defined as a model
whose form and content are sufficient to solve a
particular problem [41]. In this case, the value
network can be considered a requisite model
when its form and content are sufficient to ap-
propriately depict the dynamics involved in the
implementation of a certain digital health inter-
vention in a healthcare system and sufficient to
be a good input to a value measurement ap-
proach. Following this logic, the value network
modeling framework proposed in this work, rep-
resented in figure 1, can be implemented using
specific steps in a certain order and logic. This
framework can be considered a sociotechnical
process since it combines the technical ele-
ments of modeling a value network with the so-
cial aspects of conducting interviews with the
stakeholders [42]. This framework consists of
four distinct phases: context definition, value
network structuring, value network refining, and
value analysis. The first three phases are
mostly based on the Grudinschi et al. (2015)
value network modeling framework with influ-
ences from the Daaboul et al. (2014) and Allee’s
(2011) modeling frameworks. The suggestion of
the addition of a value analysis phase, where
the value that the digital health intervention
adds to each stakeholder is planned to be



identified and quantified is one of the contribu-
tions of this framework.

PHASE 1: Context definition

The first phase of this framework consists of the
definition of the context of the value network. In
this phase, the network designer should identify
the stakeholders and their respective goals. The
first step of this phase consists of the identifica-
tion of the stakeholders involved in the digital
health intervention under consideration. All the
stakeholders that are clearly confirmed to take
part in the digital health intervention. Afterward,
we proceed to the identification of the network
stakeholder’s goals. It consists of understand-
ing what are the main goals that each stake-
holder intends to achieve through the digital
health intervention under consideration. This
step can be done through a combination of two
approaches. The goals should be defined from
the description or documentation of the digital
health intervention and should be identified
through interviews or surveys with the stake-
holders. After the stakeholder's goals have
been identified, it should be attempted to iden-
tify if there are any missing stakeholders that
are crucial to that specific value network based
on the response of the previously identified
stakeholders. This works as a way to prevent
the network designer from missing any stake-
holder, thus preventing its validity from being
called into question [38]. As it can be seen from
the scheme (figure 1), if any missing stakehold-
ers are identified, the network designer should
go back to the first step, adding these stake-
holders to the list of identified stakeholders.
Then, as before, it will be necessary to identify
this new stakeholder’s goals. This is an iterative
process that should be executed until no more
new stakeholders are identified. Only then, it
can be proceeded to phase two.

PHASE 2: Value network structuring

The second phase of this framework consists of
the structuring of the value network. As sug-
gested by [31], the next step is based on identi-
fying the perception of each stakeholder regard-
ing its own added value to the network through
the use of interviews. Based on their answers,
transactions between stakeholders can start be-
ing modeled. It is important to understand what
is the deliverable involved in each transaction,
whether the transaction is tangible or intangible,
and to who is the transaction directed. This step
generates a first value network model consist-
ing of each stakeholder’'s delivered transac-
tions.

The next step, as also suggested by [31], con-
sists of identifying the perceptions of each
stakeholder’s received value from other stake-
holders in the network through the use of

interviews. This step essentially consists of the
identification of the transactions from other
stakeholders that add value to each stake-
holder, from the perspective of the recipient
stakeholder, i.e., each stakeholder’s received
transactions. Moreover, this step acts as a vali-
dation of the transactions that were previously
identified by each stakeholder and it may add
transactions that were not mentioned in the lat-
ter step and, therefore, generates a value net-
work without the unvalidated transactions.
Then, ifa

new transaction is identified in the last step by
the recipient stakeholder, it should be validated
through confirmation with the donor stake-
holder. The transactions that are validated
should be added to the value network model.
Afterward, it can be proceeded to phase three.
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Figure 1- Framework to model the value network

PHASE 3: Value network refining

Phase three consists of the refinement of the
value network. This phase consists of three
steps that combine to refine the value network
model by adding transactions to solve existing
challenges in the implementation of the inter-
vention by the stakeholder with the more appro-
priate resources, if possible. The next three
steps are all based on steps suggested by [31].
Firstly, the challenges and stakeholders’
strengths and resources are identified. The net-
work designer should identify the challenges in



the activity of partnership that still exist, i.e., the
challenges in the activity of partnership that
have not been resolved through the previously
identified transactions. If any challenge is iden-
tified, the network designer should then identify
the strengths and resources (intangibles and
tangibles assets) of every stakeholder. Subse-
quently, these strengths and resources may be
converted into transactions to respond to the
challenges. In this step, the network designer
must explore how every challenge could be
solved, so that it creates value for the patients
and other stakeholders. It must be identified
who has the best ability and resources to solve
the challenge, and what type of value could be
created to network stakeholders by solving the
challenges in a specific way. Before going into
phase four, the network designer should delib-
erate on whether the value network model is
satisfactory or not. In other words, the network
designer should analyze whether the model can
be considered requisite, and therefore ade-
quate to be a good input to phase four or
whether it still needs to be revised. If the model
can be considered requisite, it can be pro-
ceeded to phase four, the value analysis. Oth-
erwise, phase two and phase three should be
repeated until the model can be considered reg-
uisite. This iteration helps the model to improve
its quality and legitimacy.

PHASE 4: Value analysis

Finally, the last phase of the framework consists
of value analysis. In this phase, the value that
the digital health intervention adds for each
stakeholder is identified and quantified. It will be
used multicriteria decision analysis or MCDA.
To be more precise, the MCDA technique that
will be used is MACBETH.

Since the main goal of this phase is to quantify
the value added for each stakeholder, a set of
criteria has to be identified and organized to
achieve an acceptable model for each stake-
holder. To achieve this, the interviews with the
stakeholders in the preceding phases are truly
crucial to understand what they really value in a
digital health intervention and what they want to
achieve from it. The goals identified in the inter-
views are fundamental to structuring the prob-
lem of the MCDA process. These interviews
with the stakeholders are the basis to select the
criteria, build the value functions for each crite-
rion, and for the assessment of their respective
weights. Therefore, they are crucial to calculate
the value score of the digital health intervention
to a certain stakeholder. The final result of this
step should be a value network in which each
node of the network, i.e., each stakeholder has
a value score, which corresponds to the value
that the digital health intervention adds to each

stakeholder. After the value has been quantified
for each stakeholder, the network designer
should analyze the findings from a scalability
perspective.

As previously mentioned, to assess the scala-
bility of health interventions with proven effi-
cacy, it is crucial to answering the following two
questions [24]: “Does it work in practice? Is it
worth it?”. Therefore, the value network mod-
eled through the use of this framework that has
the value score added by the digital health inter-
vention on each node helps to answer whether
this intervention is worth it or not. This is a first
suggestion of how the value network can aid in
the assessment of the scalability of a digital
health intervention.

5 Case Study

We applied the value network modeling frame-
work presented in the last chapter to an illustra-
tive case study [43]. Our main goal was to
demonstrate how it can be applied in practice.
The case study was provided by VOH.CoLAB
and consists of a project that they are involved
in, EasyHealth4Covid. Despite this being a real-
life case study, we consider this case study il-
lustrative [43] since there were some limitations
when applying the framework to this case study,
mainly in terms of conducting interviews with
stakeholders of the value network. We tried to
get the results as close to reality as possible by
researching the project documentation, re-
searching the stakeholders involved, and re-
viewing the literature on digital health interven-
tions similar to this one. Nevertheless, the most
important is to demonstrate how the technical
component of the framework can be applied
and identify how it could be improved in future
research rather than to seek to provide a thor-
ough and “accurate” exposition of the real data
that one would obtain from the interviews with
the stakeholders.

5.1 Case description

EasyHealth4COVID is a project that aims to de-
velop telecare solutions that are easy to imple-
ment for the elderly population and that comple-
ment the NHS assistance capacity, creating
value for all citizens and the healthcare delivery
systems. It aims to develop a telehealth solution
to monitor the population at risk for COVID-19
infection, promote their safety, and facilitate
communication with clinical teams [44].



5.2 Results

Following the steps and instructions of phase 1
described in the last section, the network de-
signer should have the stakeholders and re-
spective goals identified. In this case, these are
represented in figure 2 and table 2.

__ o
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Healthcare

Figure 2 — Stakeholders of EasyHealth4COVID
Afterward, when applying phase 2 of this frame-

work, the value network structuring, following
the three steps, the network designer should
end up with a value network model like the one
represented in figure 3.

Phase three consists of the refinement of the
value network. After identifying the challenges
and the strengths and resources of the stake-
holders, the value network model is refined by
adding transactions to solve existing challenges
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Figure 3 - Final value network model of phase 2
in the implementation of the digital health inter-
vention by the stakeholder with the more appro-
priate resources, if possible. In this case study,
we obtained a refined value network model

Intangible transaction
Tangible transaction

presented in figure 4, which contains an addi-
tional transaction of technology use training
from VOH CoLAB to the nursing home.

Figure 4 - Final refined value network model of phase 3
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As mentioned before, the value in healthcare
depends on a variety of criteria, such as the de-
cision context and the stakeholders involved. To
guantify the value added for each stakeholder,
a set of criteria has to be identified and orga-
nized to achieve an adequate value quantifica-
tion model for each stakeholder. Since the inter-
views with the stakeholders are crucial to the
choice of the criteria, the building of value func-
tions for each criterion, and the assessment of
their respective weights and we were not able
to perform them, we have not explored further
phase four in this illustrative case study.

6 Discussion

In the beginning of this work, objectives were
outlined. Therefore, in this chapter, we discuss
each one of these objectives, discussing also
the limitations encountered and future research
that should be carried out to accomplish these
objectives.

6.1 Discussion of 'value network' literature
review

In this work, we aimed to explore the literature
on existing frameworks to model a value net-
work to help in the development of our value
network modeling framework. Firstly, the litera-
ture on the ‘'value network' concept was sparse
and dispersed. Moreover, there was still little re-
search on the application of this concept to
healthcare settings. Therefore, one of the first
contributions of this work was the summary and
agglomeration of the value network literature.
The performed literature review helped us to
gather all the definitions and perceptions of this
concept to make us understand the variations
between them, giving us a wider perspective on
what comprises a value network. The literature
review provided three studies with the aim of
proposing a structured methodology to model a
value network, which we called the value net-
work modeling frameworks. These three studies
were the Allee (2011) value network modeling

Intanglble Transaction
Tangible transaction



framework, the Daaboul et al. (2014) value net-
work modeling framework, and the Grudinschi
et al. (2015) value network modeling frame-
work. After a thorough analysis of each of these
modeling frameworks, it was concluded that
none of them was entirely the appropriate
framework to model a value network suited to
be used in the context of this study, to aid in the
assessment of the scalability of a digital health
intervention. Therefore, the next objective was
to suggest a value network modeling framework
that could be used in this context. In general,
this objective was successfully accomplished.
Nevertheless, further review of the value net-
work literature is encouraged to better summa-
rize and agglomerate this sparse and dispersed
literature.

6.2 Discussion of suggested value network
modeling framework

This work aimed to suggest a value network
modeling framework to be used in the scalability
assessment of a digital health intervention. This
suggested framework should model a value net-
work that could be used as an aiding tool in the
assessment of the scalability of a digital health
intervention. We suggested a value network
modeling framework, by trying to enhance the
Grudinschi et al. (2015) modeling framework.
This framework can be considered a sociotech-
nical process since it combines the technical el-
ements of modeling a value network with the so-
cial aspects of conducting interviews with the
stakeholders [42].

Technically, since the components that consti-
tute the value network were specified, and since
the proposed value network modeling frame-
work consisted of clear steps that followed a
logical sequence, in other words, a step-by-step
guideline, the value network modeling process
is easy to understand and follow. By having
these characteristics, we ensured that this
framework had reproducibility. Hence, this mod-
eling framework counters one of the major prob-
lems of the value network literature, the lack of
step-guided and reproducible methods to model
a value network.

The output of this modeling framework is a
value network that effectively depicts all the
stakeholders involved in the implementation of
the digital health intervention in a healthcare
system. Moreover, the value network model
produced depicts the transactions that are fun-
damental in this process between each of the
stakeholders. It shows what is involved in the
transaction, to whom the transactions are di-
rected, i.e., the recipient stakeholder, as well as
the stakeholder responsible for carrying out the
transaction, i.e., the donor stakeholder, and if it
is tangible or intangible.

We also highlight the importance of having a
phase such as phase three of our framework,
the value network refining, which was only pre-
sent before in Grudinschi’s value network mod-
eling framework [31] .This phase can contribute
to the addition of transactions to the value net-
work that the stakeholders themselves could
not identify on their own as important to a suc-
cessful implementation of the intervention in the
healthcare system. Therefore, enhancing the
collaboration in the network by adding new
transactions can improve the probability of a
digital health intervention being successful in
the healthcare system in which it was imple-
mented, reinforcing the value network as a
great support tool. Thus, our framework goes
beyond the objective initially set and also helps
to improve the probability of a digital health in-
tervention to be scaled up.

Despite not being represented in the value net-
work model, the identification of the goals of the
stakeholders is a crucial step of this framework
since they are fundamental to making this value
network model a suitable input to a value meas-
urement approach. The suggestion of the addi-
tion of a value measurement approach to be ap-
plied in a value network, which is critical to the
assessment of the scalability problem, is one of
the improvements of this modeling framework
since it clearly distinguishes this one from the
previous frameworks that were found in the per-
formed literature review. This is the first value
network modeling framework that could be used
in a healthcare context that goes beyond the
value network design and suggests that the
value added for each stakeholder, in this con-
text by the implementation of the digital inter-
vention, should be quantified through the appli-
cation of an MCDA method. However, this study
only focused conceptually on the result final that
the MCDA value measurement approach
should generate.

In summary, we were able to provide a first sug-
gestion of a framework that models a value net-
work that may be used as an aiding tool to eval-
uate the scalability of a digital health interven-
tion, and, additionally, that helps to improve the
probability of a digital health intervention to be
scaled up. However, it is crucial to highlight that
this modeling framework, is still at an early
stage. Thus, it is crucial for future research to be
carried out to improve and validate this model-
ing framework. It should be explored how prob-
lem structuring methods (PSMs) can aid the
structuring of the value network, it should be ex-
plored and tested the use of other methods to
gather the data from the stakeholders to model
the value network such as Delphi and Decision
Conference, and it is critical that future research
focuses on the technical component of the



value measurement approach since this study
only focused conceptually on the result final that
the MCDA value measurement approach
should generate.

6.3 Discussion of the value network as an
aiding tool to assess the scalability of a dig-
ital health intervention

This work aimed to explore the potential of us-
ing the value network as an aiding tool to assess
the scalability of a digital health intervention.
The final result of this framework is a value net-
work that successfully depicts the dynamics in-
volved in the implementation of the digital health
intervention in a healthcare system, including
the value score added by this intervention to
each stakeholder. This value network helps in
answering whether the digital health interven-
tion is worth it or not, which is a crucial question
in assessing its scalability [24]. This is a first
suggestion of how the value network can aid in
the assessment of the scalability of a digital
health intervention. Nevertheless, scenario
analysis emerges as a possibility to further ex-
plore how the value network may be used as an
aiding tool to assess the scalability of a digital
health intervention. March et al. (2012) defined
scenario analysis as internally consistent sto-
ries about ways that a specific system might
evolve in the future. Depending on the results
obtained from the value measurement ap-
proach, there are alternative outcomes, i.e.,
scenarios. Using scenario analysis, it may be
provided different options for future develop-
ment paths resulting in varying outcomes and
corresponding different scalability implications.
6.4 Discussion of case study

This work aimed to apply the value network
modeling framework, using a case study in the
Portuguese context. However, one big limitation
of this study was the fact that the modeling
framework was only applied to an illustrative
case study since we were limited in terms of
conducting interviews with stakeholders of the
value network, and so, these were not carried
out. Therefore, when applying this sociotech-
nical approach to this case study, we were able
to only demonstrate the technical component of
the framework. Nevertheless, this illustrative
case study was important to demonstrate how
the technical component of modeling a value
network can be performed, which helps a sub-
sequent researcher that may have to model a
value network that represents their specific
problem. However, since we were limited in
conducting interviews and the interviews with
the stakeholders are crucial to the value meas-
urement process and we were not able to per-
form them, we have not explored phase four of
the framework in this illustrative case study. The
absence of the social component of this

framework, which compromised the data sam-
ple to model the value network and the assess-
ment of phase four, made it not possible to val-
idate this framework.

Therefore, it is important to underline once
again that the value network modeling frame-
work that was suggested in this study is still in a
very early stage and it is crucial for it to be ap-
plied in its fullness without any restraints, such
as conducting interviews, to a real-world case
study to fully validate it.

7 Conclusion

The main focus of this work, manifested in
Chapter 1, was to evaluate the potential of using
a value network as an aiding tool to assess the
scalability of a digital health intervention. To do
S0, a literature review was carried out to deter-
mine what are the existing methods to model a
value network. It was found a gap in the value
network modeling methods literature since most
of the studies that modeled and used the value
network did not provide a clear and structured
methodology to model it. Nevertheless, the liter-
ature review carried out resulted in three studies
that effectively propose value network modeling
frameworks: the Allee (2011) value net-work
modeling framework, the Daaboul et al. (2014)
value network modeling framework, and the
Grudinschi et al. (2015) value network modeling
framework. However, none of these frameworks
generated a value network that could be used
as an aiding tool to assess the scalability of a
digital health intervention. Hence, the focus of
this work also shifted towards suggesting a
value network modeling framework that gener-
ated a value network that could be used in the
context of this work.

This work made a first suggestion for a value
network modeling framework. The proposed
value network modeling framework consisted of
clear steps that followed a logical sequence,
which makes the value network modeling pro-
cess much easier to understand and follow. By
having these characteristics, we ensured that
this framework had reproducibility. The first
three phases of this framework are focused on
the modeling of the value network. So, they can
be used as a guideline for any researcher that
needs to model a value network as a supporting
tool, and therefore, adapted and used for any
type of problem. It is not exclusive to the scala-
bility of a digital health intervention problem.
This modeling framework adds value to the
value network literature since it gathers more in-
formation on and presents in more detail the
value network modeling process. Hence, this
modeling framework tackles one of the major
problems of this literature, the lack of step-
guided and reproducible methods to model a
value network. Additionally, we also need to



highlight the importance of having a phase such
as phase three of our framework, the value net-
work refining, since, with this phase, our frame-
work goes beyond the objective initially set and
also helps to improve the probability of a digital
health intervention to be scaled up.

This work aimed to evaluate the potential of us-
ing the value network as an aiding tool to assess
the scalability of a digital health intervention. For
this purpose, it was suggested to add a value
measurement approach to be applied in the
value network to quantify the value added to
each stakeholder by the digital health interven-
tion. This is one of the contributions of this mod-
eling framework since it separates this one from
the previous frameworks that could be used in
a healthcare context. This value network helps
in answering whether the digital health interven-
tion is worth it or not, which is a crucial question
in assessing its scalability [24]. This is a first
suggestion of how the value network can aid in
the assessment of the scalability of a digital
health intervention.

This work also aimed to apply the value network
modeling framework, using a case study in the
Portuguese context to validate it. However, one
big limitation of this study was the fact that the
modeling framework was only applied to an il-
lustrative case study [43] since interviews with
stakeholders were not carried out. Therefore,
when applying this sociotechnical approach to
this case study, we were able to only demon-
strate the technical component of the frame-
work. Nevertheless, this illustrative case study
was important to demonstrate how the frame-
work can be applied, despite not using data ob-
tained from the interviews with the stakehold-
ers.
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