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This study explores how digital transformation (DT) is operationalized and measured within Health System
Performance Assessments (HSPAs) across European Union (EU) countries. By conducting a documentary analysis
of national HSPAs through the READ approach, we identified 11 EU countries that include digital health metrics
and extracted a total of 93 Key Performance Indicators (KPIs). These indicators were systematically categorized
using the Input-Process-Output-Outcome (IPOO) framework and clustered into four deductively derived domains
and corresponding sub-domains. Building on this empirical foundation, we propose a novel conceptual frame-
work that integrates theoretical and practical dimensions of DT monitoring. The framework assigns represen-
tative KPIs to each IPOO phase and highlights critical but currently under-monitored areas. Despite notable
progress in areas such as electronic health records, telemedicine, and digital service usage, the findings reveal
persistent challenges. Furthermore, significant variability exists across countries in the adoption and comput-
ability of DT indicators. By providing a structured model and a comprehensive pool of indicators, this study
contributes to both academic literature and practical policymaking. It supports efforts to guide DT measurement
across healthcare systems while maintaining the flexibility needed to adapt to diverse national contexts. Future
research should explore the evolving integration of DT metrics and continue to address gaps that hinder effective
performance monitoring and policy development in healthcare digitalization.

up DT to ensure citizens receive the services through non-physical
means. Even if these effects can be observed in different scenarios, the

1. Introduction

Digital Transformation (DT) is “a process that aims to improve an
entity by triggering significant changes to its properties through com-
binations of information, computing, communication, and connectivity
technologies” (Vial, 2019). Therefore, service digitalization can be seen
as creating public value (Bryson et al., 2014; Schiavone et al., 2021). In
addition, it fosters better functionality of traditional services and can
provide better transparency (Cucciniello et al., 2017; Graham et al.,
2016; Porumbescu et al., 2022), resulting in increased accountability on
the part of public administration and citizen involvement (Gil-Garcia
et al., 2018). At the same time, DT has a significant impact on efficiency
by streamlining procedures for accessing information (Marques and
Ferreira, 2020). Over the past few decades, the emergence of digitali-
zation has transformed public services into a prominent topic on the
agenda (Fakhoury and Aubert, 2015; Paskaleva and Cooper, 2018;
Venkatesh et al., 2003). The pandemic has led the public sector to speed
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healthcare sector represents a privileged subject of study, where the
pandemic forced a reevaluation of the “new normal” paradigm,
prompting the need to adopt measures to mitigate future shocks
(Amankwah-Amoah et al., 2021; Cobianchi et al., 2020; Ndayishimiye
et al., 2023; Tortorella et al., 2022). Recent literature has examined the
profound shift in healthcare driven by DT, highlighting both advance-
ments and ongoing challenges.

One of the most significant changes has been the expansion of certain
types of digital health services to provide remote care. Indeed, health-
care is one of the most affected sectors by digital technologies during the
pandemic (Dal Mas et al., 2020). This is the case for telemedicine and
eHealth platforms. Some studies underscored how telemedicine rapidly
evolved into an essential tool for clinical services, to ensure continuity of
care during lockdowns (Bokolo, 2021), highlighting the unprecedented
adoption of telehealth in primary and outpatient care, which would
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have been unthinkable before the pandemic due to regulatory and
infrastructural inertia (Peek et al., 2020). Also, the rapid growth of new
digital tools, like Artificial Intelligence (AI), has enhanced the DT of
healthcare. Pandemic surveillance, disease prediction, and automated
decision-making helped predict the spread of COVID-19 (Budd et al.,
2020). A study on the use of different digital tools in clinical decision
support systems emphasized how this has further optimized patient
management and improved healthcare workflows (Getachew et al.,
2023).

However, this transformation has not been without challenges.
Digital health literacy among healthcare providers and patients remains
a critical issue. Some studies found that only a limited part of healthcare
professionals had adequate digital health literacy, which hindered their
ability to share COVID-19-related information effectively, calling for
targeted training programs and improved digital access to enhance
healthcare providers' competence in using eHealth tools (Chereka et al.,
2022). Equity in digital health access is another major concern. The most
fragile segments of the population may bear the weight of this trans-
formation, with the risk of these individuals being left out of digital
health communications, limiting their ability to receive timely health
information and services (Specht et al., 2022). Moreover, concerns
about privacy, data sharing, and ethical considerations in digital health
interventions need to be addressed for sustainable digital transformation
(Budd et al., 2020).

In a broader perspective, research highlights the importance of
integrating digital solutions into routine healthcare practices. This
integration emphasizes that DT in healthcare can improve societal
resilience, serving not only as a response to pandemics but also as a long-
term strategy to tackle challenges related to healthcare accessibility
(Baudier et al., 2023).

Considering the promising yet complex environment surrounding
the ongoing paradigm shift in healthcare, it is essential to adopt an in-
tegrated perspective on DT. This approach is necessary to systematize
and organize both the knowledge and practical implications associated
with it, and to produce public value (Schiavone et al., 2021; Zyzak et al.,
2024).

Only a few studies attempted to provide a structured framework for
understanding DT in healthcare. Binci et al. (2021) propose a framework
focused on the adoption of remote monitoring. Their framework iden-
tifies key socio-technical variables that facilitate digital innovation
adoption by practitioners and highlights essential considerations for
evaluating remote monitoring as a precondition for investment de-
cisions. From another perspective, the study by Dal Mas et al. (2023)
presents a holistic framework of the main dimensions of DT in health-
care, mapping the key enabling technologies, adoption processes, ex-
pected benefits, and stakeholder involvement. This framework provides
a valuable synthesis of existing research, systematizing the current state
of the art while outlining future research directions in the mentioned
domains.

These frameworks provide valuable insights, but their specific focus
leads to limitations. The first study centres on remote monitoring,
addressing only one aspect of DT rather than the broader trans-
formation, while the second presents a literature-based framework that
conceptualizes DT but lacks a structured approach for practical appli-
cation. Additionally, both prioritize qualitative insights without incor-
porating quantitative measures to systematically assess DT's impact.
Advancing DT in healthcare requires a more comprehensive framework,
with the integration of quantitative assessments to support practical
implementation and informed decision-making, offering the possibility
of measuring DT in healthcare. The research on DT of healthcare stresses
the importance of directing efforts towards evaluating digital health
technologies, particularly in terms of their impact on health outcomes
and customer experience, highlighting the necessity for measuring the
performance of e-health initiatives and their implementation and
meaningful use for health organizations (Kraus et al., 2021a). Moreover,
research calls for developing and implementing structured measurement
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frameworks reflecting the influence of digitalization on public admin-
istration and stakeholders (Brenner et al., 2023; Dobrolyubova, 2021).

Some efforts to measure DT in the public sector are identifiable from
international practice, with one notable structured example. The Digital
Economy and Society Index (DESI) is a comprehensive index designed to
assess the digital competitiveness of European Union countries and
monitor their overall digital performance (European Commission,
2022). DESI index offers a valuable and insightful starting point, but
leaves room for investigation since this index is general and does not
refer specifically to the healthcare sector. Health systems are indeed
complex and challenging to understand and manage due to governance
fragmentation, uncertainty, pluralism, and a multidisciplinary envi-
ronment (Lemieux-Charles et al., 2003; Paoli et al., 2019; Plsek and
Greenhalgh, 2001), and often adopt a multilevel organizational struc-
ture to optimize service delivery and resource allocation (Barlow, 2017;
D. S. Kringos et al., 2015; Saltman et al., 2011).

To tackle this complexity and address the existing gaps in the liter-
ature, the objective of this paper is to propose a conceptual framework
for measuring DT within the healthcare sector, employing both deduc-
tive and inductive strategies. Furthermore, the study is enhanced by the
inclusion of empirical examples of metrics that can be utilized to eval-
uate the progression of DT. This study aims to contribute to both theo-
retical advancements and practical applications in the field of digital
health transformation. From a theoretical perspective, it offers new in-
sights into how digitalization in healthcare can be systematically
monitored and assessed. This study can provide a structured approach to
evaluating digital health progress, making it a key reference for scholars
and researchers seeking to understand the critical dimensions of DT in
healthcare systems. Beyond descriptive analysis, this study proposes a
conceptual framework that integrates theoretical foundations with
practical applicability, making it a valuable tool for policymakers,
healthcare professionals, and public health authorities. The proposed
framework serves as a structured guide for tracking, assessing, and
refining digital health transformation strategies, helping decision-
makers design evidence-based policies and performance monitoring
systems that align with the evolving landscape of healthcare
digitalization.

This article is structured as follows. In this section, we provided the
background information, identified the gaps in the literature, and pro-
posed our objective. The following section analyses the theoretical
background of DT, focusing on major topics that emerge from the
literature, as these form the theoretical foundation for our study. We
then present our methodology, including the approach employed to
interpret, understand, and present our results and the research design. In
the discussion section, we introduce our conceptual framework for
tracking and monitoring the DT journey in healthcare and highlight key
areas that require further development. Finally, we conclude with a
summary of our findings, along with the implications and limitations of
the study.

2. Theoretical background

DT encompasses an expansive range of initiatives, from the adoption
of public platforms to the integration of advanced data analytics into
public service delivery (Meijer and Thaens, 2021). At its core, DT le-
verages digital technologies to improve efficiency, automate processes,
enhance data-driven decision-making, and create new forms of value
(Vial, 2019; Verhoef et al., 2021). Unlike simple digitization, which
involves converting analog data into digital form, or digitalization,
which focuses on improving processes through digital technologies, DT
represents a more profound organizational transformation, requiring a
fundamental rethinking of business models, infrastructure, and user
engagement (Mauro et al., 2024; Mergel et al., 2019).

Literature has identified several “key themes” (summarized in
Table 1) that are essential for successfully guiding DT from beginning to
end. These themes should not only be acknowledged but also measured
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Table 1

Key themes in DT reference literature.

Key Themes

Description

References

Resources and
Infrastructure

Technology
Adoption and
Integration

Digitalization of
Services and
Operations

Outcomes:
technical and
user-reported
measures

Other relevant
themes

Financial and technological
resources, human capital
and skills, data
management, and digital
infrastructure enable DT by
providing the necessary
foundation for innovation
and efficiency.

Successful DT requires
implementing advanced
digital tools while ensuring
interoperability, stakeholder
communication, and
regulatory compliance.

DT reshapes the delivery of
services by creating
optimized digital workflows
and decision-making
processes. By leveraging
digital technologies,
organizations can streamline
processes, reduce
redundancies, and foster
more informed and agile
decision-making
environments, improving
the responsiveness of service
delivery.

DT aims to enhance both
technical outcomes, like the
actual accessibility to digital
services and enhanced
healthcare delivery through
digital tools, but can also
have an impact on user
experience and satisfaction.
These experiences can be
leveraged to orient policies
and stimulate services co-
production.

Patient Safety: DT can
improve safety but also
introduces new risks (e.g.,
information overload,
usability issues), demanding
indicators to track IT-related
incidents.

Data Portability: Enabled
by GDPR Article 20 and
strengthened by the EHDS
proposal, this principle
enhances data sovereignty
and interoperability, but
practical adoption is still
limited, requiring better
awareness and
measurement.

(Dal Mas et al., 2023;
Dobrolyubova, 2021;
Kraus et al., 2021a;
Marques and Ferreira,
2020; Massaro, 2023;
Mauro et al., 2024; Vial,
2019)

(Dal Mas et al., 2023;
Dobrolyubova, 2021;
Mauro et al., 2024; Mergel
et al., 2019; Schiavone

et al., 2021; Verhoef et al.,
2021)

(Dal Mas et al., 2023;
Humbeck et al., 2019;
Kraus et al., 2021a;
Massaro, 2023; Mauro

et al., 2024)

(Dal Mas et al., 2023;
Dobrolyubova, 2021;
Massaro, 2023; Mauro
et al., 2024; Scupola and
Mergel, 2022; Verhoef
et al., 2021)

(De Hert et al., 2018; Li
and Quinn, 2024; Ricciardi
et al., 2019; Sittig and
Singh, 2010; Sobolewski
and Palinski, 2021)

to fully grasp the DT journey in all its phases and nuances systematically
(Singh et al., 2020; Dobrolyubova, 2021). From the seminal works on
DT, it is possible to unveil four key themes: i) technical resources and
infrastructure; ii) technology adoption and integration; iii) digitalization
of services and operations; iv) outcomes: technical and user-reported.
(See Table 1.)

A key enabler of DT is the availability of resources and infrastructure,
including financial and technological investments that allow organiza-
tions to develop digital capabilities, strengthen cybersecurity, and foster
innovation (Marques and Ferreira, 2020; Mauro et al., 2024). Beyond
financial capital, human capital and skills play a crucial role, as DT is not
only a technological shift but also an organizational and cultural
transformation, demanding continuous upskilling and reskilling of em-
ployees to adapt to new digital environments (Kraus et al., 2021a; Vial,
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2019). Additionally, data and information resources are fundamental in
a digital world where decision-making is increasingly data-driven, and
organizations must efficiently collect, process, and securely share large
volumes of data to succeed in digital initiatives (Dal Mas et al., 2023;
Massaro, 2023). Furthermore, infrastructure investments, particularly in
cloud computing, IoT networks, and interoperable digital platforms,
significantly influence the efficiency and scalability of digital solutions
(Dobrolyubova, 2021; Mauro et al., 2024).

Beyond infrastructure, technology adoption and integration are
crucial for DT, requiring the implementation of advanced tools and
systems such as Al, IoT, blockchain, and automation technologies (Dal
Mas et al., 2023; Schiavone et al., 2021). However, successful trans-
formation is not just about technology deployment but also about the
adoption and seamless integration of digital services across organiza-
tions, ensuring that workflows and stakeholder collaboration remain
efficient and interconnected (Dobrolyubova, 2021; Verhoef et al., 2021).
A persistent challenge is interoperability and stakeholder communica-
tion, as DT often involves multiple actors and requires systems that can
securely exchange information across platforms and organizations
(Mauro et al., 2024; Mergel et al., 2019).

As organizations advance in their DT journey, the digitalization of
services and operations becomes a fundamental priority. DT enables
service delivery innovation, shifting organizations towards virtual in-
teractions, automation, and personalized digital experiences (Dal Mas
et al., 2023; Massaro, 2023). Moreover, data-driven decision-making
and information management are increasingly critical, allowing real-
time monitoring, predictive analytics, and Al-assisted operations to
optimize performance (Mauro et al., 2024; Vial, 2019). The automation
and digitalization of administrative and operational processes further
contribute to greater efficiency, cost reduction, and improved service
quality (Humbeck et al., 2019; Kraus et al., 2021a).

At its core, DT is ultimately about creating an impact on the overall
system with the outcomes. Enhanced digital services not only can have a
positive effect in increasing accessibility and efficiency but also promote
greater user engagement (Dobrolyubova, 2021; Verhoef et al., 2021).
Additionally, personalization and user empowerment through digital
platforms allow users to interact with services in more meaningful ways,
though concerns around digital literacy and accessibility must still be
addressed (Dal Mas et al., 2023; Massaro, 2023). DT also facilitates the
engagement with users' participation. This approach constitutes a
pivotal element within the broader DT strategy implemented by national
governments, hereby enhancing the value of the services rendered
through co-production (Pleger et al., 2020; Scupola and Mergel, 2022).
However, trust and security remain central to successful digital trans-
formation, as ensuring data privacy, cybersecurity, and reliable digital
governance models is crucial for fostering user confidence and regula-
tory compliance (Dobrolyubova, 2021; Mauro et al., 2024).

In addition to the foundational themes, current literature also un-
derscores transversal themes that are critical to understanding and
measuring DT, especially in the healthcare realm. On this domain, two
salient aspects are patient safety and data portability. Digital systems have
introduced new patient safety concerns, such as information overload,
usability challenges, and increased cognitive burden on healthcare
workers, which may result in clinical errors (Flott et al., 2021; Nijor
et al., 2022; Ratwani et al., 2018). As a result, scholars and practitioners
advocate for the systematic integration and monitoring of this aspect
(Ricciardi et al., 2019; Sittig and Singh, 2010). Similarly, data portability
has emerged as a cornerstone of user-centered digital governance,
particularly within the EU regulatory context (European Union, 2016).
Anchored in Article 20 of the GDPR and further reinforced by the pro-
posed European Health Data Space (EHDS), data portability promotes
users' sovereignty and interoperability among services (De Hert et al.,
2018; Li and Quinn, 2024). Despite its potential to foster competition,
innovation, and user empowerment (OECD and European Commission,
2024), practical implementation remains limited, highlighting the need
for awareness and measurement strategies that capture its adoption and
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perceived value (Sobolewski and Palinski, 2021).

In the reference literature, certain factors are frequently discussed.
While some of these can be incorporated into the digitalization strate-
gies of healthcare in various countries, others have yet to be fully inte-
grated into the DT of healthcare. Moreover, appears that few studies on
DT focus on measurement, particularly in terms of monitoring systems
that support DT and its overall impact on the healthcare system.
Building on this knowledge, a conceptual framework can help system-
atize and enhance comparison and monitoring efforts, particularly by
incorporating quantitative measures to assess the progress of DT in
healthcare.

3. Methodology

This section outlines the methodology employed in this study,
structured as follows. First, we present the analytical approach that
guided us during the retrieval of cases under study. This step serves as a
precursor to our analysis and is integrated with key themes previously
identified in the literature on DT, constituting the foundation for both
the presentation of results and the development of our conceptual
framework. Subsequently, we describe the study design, providing
context and information on the actual methods used and clarifying the
inclusion and exclusion criteria applied in our analysis. Finally, in the
case study selection section, we explain the process implemented to
guide the analysis of our findings.

3.1. Approach

In this article, we employed the concepts of Input-Process-Output-
Outcome (IPOO) to retrieve and cluster the existing KPIs related to the
digitalization of healthcare across EU countries.

o Input refers to the necessary resources, knowledge, and capabilities
for innovation. Even intangible inputs, such as ideas, information,
and know-how, can be relevant when it comes to innovation sectors
(Hauser and Zettelmeyer, 1997). Otley (1999) noted that manage-
ment control systems must incorporate input-related measures to
assess whether an organization has the necessary resources to
execute its strategy effectively. Chan and Ngai (2011) asserted that
inputs act as antecedents to processes.

Process is the translation of inputs into outputs via defined activities,
operations, and workflows. Organizations generate value through
processes, which can be anything from straightforward operational
duties to elaborate strategic plans. Implementing and monitoring
processes helps identify deviations from the initial input, enabling
quick corrective solutions.

Outputs are the immediate results generated from processes, such as
new products, services, or organizational processes per se. They are
often quantifiable and serve as indicators of process efficiency and
effectiveness. Otley (1999) argues that outputs represent the tangible
and measurable aspects of organizational performance, such as
financial results, production volumes, or service delivery metrics.
Outputs can offer insights for improving system efficiency, especially
in resource-constrained settings such as public healthcare.

Lastly, outcome refers to the broader and often long-term effects that
result from outputs (Otley, 1999). Unlike outputs, which are imme-
diate and quantifiable, outcomes are more complex and reflect the
overall impact of organizational activities. Outcome encompasses
the broader impacts and consequences of innovation, including the
long-term effects on organizational performance, societal changes,
and economic implications (Boyne, 2002).

Brown and Svenson (1988) was the first to propose the IPOO
perspective as a way to assess innovative processes. It was initially
created for innovation management and envisioned a research and
development (R&D) lab as a system in which resources, including funds,
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facilities, and human capital, flow into processes like experimentation
and hypothesis testing to produce outputs like publications, patents, and
new technologies. The wider effects, like cost reductions, product en-
hancements, and commercial success, are then measured by outcomes
(Brown and Svenson, 1988). Since then, numerous studies have adopted
the IPOO perspective to classify indicators and measures of more com-
plex and broader concepts. For instance, the concepts have been adapted
to the healthcare sector to monitor therapeutic interventions, medical
research, and patient outcomes (Humbeck et al., 2019; Sun and Li,
2020). To make sure that resources result in benefits for society, public
sector budgeting has also moved from merely analyzing financial inputs
and outputs to assessing policy outcomes (OECD, 2002). In the educa-
tion field, Chinta et al. (2016) use IPOO to assess institutional perfor-
mance in higher education by linking faculty and curricular resources as
inputs to student learning processes, graduation rates as outputs, and
long-term employment success as outcomes. Mitchell (2019) employs
IPOO to quantify the impact of research, looking at the process by which
scholarly work goes from initial funding to practical influence. Using
IPOO, Chan and Ngai (2011) examine the interactions between con-
sumer behavior and electronic word-of-mouth in marketing, relating
user motivations as inputs to message dissemination processes, con-
sumer engagement as outputs, and purchase decisions as outcomes.
The IPOO perspective was selected over other sector-specific model,
thanks to its cross-sectoral applicability, although our focus was on
examining how EU countries have developed and integrated the concept
of DT into their Health System Performance Assessments (HSPAs).
Indeed, this study aims to go beyond the traditional focus on quality of
care, striving to develop a model that can be adapted and scaled to other
fields of study. According to the World Health Organization
(Papanicolas and Smith, 2013), HSPA is a country-owned, participatory
process that allows the health system to be assessed as a whole and
linked to national health strategies whenever possible. It is intended to
measure the performance of the healthcare system using key domains
and performance indicators, facilitating international benchmarking
(Kringos et al., 2021). HSPAs often structure quality-of-care measure-
ments using a refined version of IPOO, such as the Donabedian model
(Donabedian, 1988). This principle also applies when considering met-
rics for evaluating DT performance, such as digital health tools, services,
and applications that are intricately connected with the national defi-
nition and development of the e-government concept. Thus, the efficacy
and suitability of digital health initiatives should be assessed within
each country's unique context, circumstances, and priorities. To the best
of our knowledge, only a limited number of contributions provide
metrics for assessing DT performance. For instance, certain studies have
devised indicators to evaluate technology readiness within the
manufacturing sector (Agostino and Costantini, 2022), emphasizing
Industry 4.0 or concerning healthcare, specifically the readability of
regional websites (De Rosis et al., 2020; Pirrotta et al., 2022; Vinci et al.,
2025). However, as seen before, a comprehensive overview of country-
owned assessment metrics related to DT performance and a framework
that systematizes these metrics into a unified framework is still lacking.

3.2. Study design

We conducted a documental analysis of the European Countries to
retrieve the KPI related to DT in health, following a similar approach
used by Vainieri et al. (2024) who analyzed the concept of resilience in
healthcare through the KPI of HSPA. The decision to focus on the EU was
driven by three main factors. Firstly, the European Union has played a
central role in supporting and endorsing DT. ICTs, originating from the
Lisbon Strategy and further developed in the 2010 Digital Agenda for
Europe (Deloitte Centre for Health Solutions, 2020), have been recog-
nized as essential to achieving the goals of the European Union.
Following these steps, the Digital Agenda was further developed by the
2015 Digital Single Market Strategy (Europe fit for the digital age, n.d.),
which outlined three main pillars: first, guaranteeing improved access to
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digital goods and services across Europe; second, creating favorable
conditions for digital networks and services; and third, optimizing the
potential for the growth of the digital economy. Finally, the Digital
Compeass for 2030, introduced in 2021, outlines the EU's digital goals for
the following ten years, adding even more to this approach (Europe's
Digital Decade: 2030 Targets). Secondly, there is a standard practice of
publicly disclosing health system information in the European context
through initiatives like the European Commission's biennial Country
Health Profiles (Country Health Profiles - European Commission, 2024),
which contain various performance metrics, including health status,
health system governance, accessibility, and resilience (Brito Fernandes
et al., 2021; D. D. Kringos and Klazinga, n.d.; Noto et al., 2019; Nuti
et al., 2018; Paoli et al., 2019; Vainieri et al., 2024). Moreover, since
their 2019 release, the Country Health Profiles have been actively
tracking the digital transition both within individual EU nations and
across countries. Lastly, the EU is progressing towards establishing a
European Health Union (European Health Union - European Commis-
sion, 2024) to facilitate healthcare delivery across internal EU borders
(Vollaard and Martinsen, 2017). While member states maintain sover-
eignty over healthcare, the EU has taken on an additional, albeit limited,
regulatory role in the organization, financing, and delivery of health-
care. Consequently, this expansion delineates the EU's borders as
incorporating an existing culture of coordination, which is now
extending, at least in part, to the healthcare sector.

As the second phase of our process to pinpoint relevant case studies,
we conducted a document analysis via Google Scholar. Document
analysis is a structured and iterative process for interpreting and syn-
thesizing information from documents, both scientific and grey litera-
ture (Dalglish et al., 2020). It can help provide context, generate
questions, complement other research data, track changes over time,
and confirm findings from different sources (Bowen, 2009). In this
study, we collected and gained information from documents by applying
the READ approach (Ready, Extract, Analyze, and Distill) (Dalglish
et al., 2020). The steps consist of: (1) ready materials, (2) extracting
relevant data segments, (3) analyzing the extracted data for patterns and
themes, and (4) distilling findings to synthesize the information into a
coherent set of results. In the Ready phase, we established the scope and
parameters for our document collection and analysis. We defined our
inclusion criteria based on our objective, focusing on digital health
performance metrics in HSPAs. We limited the analysis to documents
published in English since 2010 and included various types of docu-
ments from scientific and grey literature. We selected the year 2010 as
our reference point for screening the HSPAs of the studied countries.
This decision is rooted in the pivotal significance of this year. In 2010,
the launch of the Digital Agenda for Europe underscored the crucial role
of ICT in advancing the objectives of the EU. We decided to opt for
Google Scholar for two main reasons. First, because of its broad scope,
including peer-reviewed articles, books, conference papers, and other
reports, including official and institutional documents. Second, we
relied exclusively on Google Scholar for document collection as the
objective was not to conduct a traditional literature review but to gather
also national strategic documents related to HSPA. These documents are
not empirical data but strategic instruments that reflect the policy di-
rection of each country, given that most countries' healthcare systems
are publicly funded and guided by strategic acts that outline key goals
and measures. HSPA-related publications provide a lens through which
to see how digital transformation goals and measures are established
and implemented within national policies. These metrics not only
represent strategic direction but also impact systemic behaviors.
Because these performance indicators reflect each country's choices for
enabling DT, they are among the most trustworthy sources for deter-
mining whether change is fostered and pushed by national planning and
control mechanisms. Subsequently, as document analysis is an iterative
process, we integrated this initial sample with information obtained
from websites of ministries of health, national health boards, institutes,
or agencies, as well as other government entities. Ultimately, we
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identified articles and reports addressing national HSPAs through a
snowball technique, starting with the references of seminal studies
focusing on country-specific HSPAs. In the Extract step, we first im-
ported our data into an Excel spreadsheet, where each row is a docu-
ment, and each column is a category of information. In this phase, we
developed and agreed upon the inclusion and exclusion criteria. The first
criterion was that the focus of the document had to be directed towards
country-owned HSPAs, aiming to gain deeper insights into the levers
employed by authorities to implement digital strategies within
numerous post-pandemic initiatives and funding efforts. This implied
that documents had to address the experience of country-owned HSPA
and not provide a theoretical discussion on what generic HSPA should
include. Furthermore, our inclusion criteria were met only if a
comprehensive system-wide approach was the focus of the document, as
performance assessment systems evaluating specific healthcare pro-
grams fell out of the scope of the study. Secondly, studies had to be
published from the 1st of January 2010 until the 5th of March 2024,
data in which the final documents were extracted. We did not limit the
analysis to any language, as most of the HSPA strategic documents tend
to be published in the country language. We relied on the “translate”
function in Google to analyze non-English documents. To extract the
data, we employed a screening process by examining the titles and ab-
stracts of documents we retrieved with the document analysis. In this
way, we obtained the final document, which constituted the basis for our
case study analysis.

3.3. Case study selection and context

A total of 5.150 documents were obtained through the literature
review of both scientific and grey literature, and the snowball technique.
Most of these documents were excluded because they did not focus on
national HSPAs; rather, they discussed HSPAs only at a theoretical level
without analyzing country-owned ones. Furthermore, publications that
explored specific healthcare topics without taking a comprehensive
system-wide perspective were also excluded. After applying these
criteria, the final sample consisted of 39 documents (see Fig. 1).

Database search and algorithm used

Europe or "European Union", combined with "Health System Performance
Assessment" or "Performance evaluation system" or "Health System Performance
measurement".

Records identified from Google
Scholar:
(n=5.150)

Titles and/or abstracts excluded:
> n1=5.118)

|

Full texts reviewed for eligibility
(n=32)

Full texts article excluded
—»| (n=4) - All of them addressed
HSPA only at a theoretical level

Studies included with snowball
technique (n=11)

Studies included in review
(n=39)

Fig. 1. - Flow chart and keywords.
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The methodology adopted in this study is both deductive and
inductive. Deductive, as it employs the key themes identified from
existing literature in the theoretical background paragraph, to structure
the empirical analysis of healthcare monitoring systems used across the
EU, and to empirically validate theoretical constructs. Inductive,
because the analysis highlights and expands upon areas that have not
been thoroughly addressed or emphasized in theoretical frameworks but
emerge as particularly significant from a practical perspective. For this
reason, the Analyze and Distil phases of the findings from the final
document corpus followed a structured three-step approach.

As already explored, the first step was to identify European countries
that have established HSPAs and determine the number of these that
have implemented specific KPIs for monitoring digital health. This step
provided an initial landscape of digital health assessment efforts across
European nations.

The second phase involved coding and categorizing the KPIs using a
layered approach. We used the IPOO concepts as the theoretical basis for
coding. In the first layer, we deductively grouped each KPI into one of
the IPOO domains (input, process, output, or outcome) based on the
indicator's description. This first layer provided a first systematization of
the KPIs. To facilitate a comprehensive analysis, we also categorized
these KPIs into various thematic domains. For the second layer, we
identified sub-domains that arose from the key themes in DT (see
Table 1). In the third and most granular layer of coding, we classified
indicators into “groups” of indicators, depending on their rationale and
purpose, and placed the grouped indicators on each of the identified sub-
categories. With a greater level of detail, this data-driven layer high-
lighted unique country experiences in putting digital health initiatives
into practice. The iterative process between theory and data guaranteed
that the first- and second-layer categories remained generalizable, while
the third-layer categories reflected the variety of the retrieved KPIs.

In the third and final step, leveraging on all the previous steps, we
conceptualized a deductive framework designed to integrate all ele-
ments. This framework also considers the relationships among the
various IPOO phases.

To ensure the practical relevance and usability of our research, we
then proposed a set of indicators for each phase of the conceptual
framework, enabling a more standardized and actionable assessment of
digital health transformation strategies. As a final step in our method-
ology, we revisited the key themes identified in the literature to
inductively highlight important areas in healthcare monitoring systems
that have not yet been addressed. These areas emerge from the literature
as critical aspects of DT in healthcare.

4. Findings

Our analysis identified 17 countries that have adopted comprehen-
sive, system-wide HSPAs. However, only 11 of these countries have
incorporated digital health KPIs into their HSPAs (The full list of
countries analyzed is available in Annex Table 1). Among the identified
countries' HSPAs, it was possible to identify a total of 93 KPIs specifically
monitoring DT in healthcare. According to our categorization, 16 of
these belonged to inputs, 34 to processes, 23 to outputs, and 20 to
outcomes (The full list of indicators is available in Annex Table 2). This
preliminary process was crucial for the subsequent deductive concep-
tualization of the domains and sub-domains within the conceptual
framework.

Four countries out of eleven have developed metrics for each of the
four phases (input, process, output, and outcomes). However, it is
essential to note that only two countries have incorporated fully
computable metrics into their HSPAs, meaning these indicators can be
measured and analyzed using the currently available data.

The following sections present the findings organized by domains,
sub-domains, and groups of indicators (Details about the full list of in-
dicators are available in Annex Table 3).
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4.1. Input

In the input phase, related to the key theme of Resources and
Infrastructure, KPIs were grouped into sub-categories including finan-
cial and technological resources, infrastructure, human capital and
skills, and information and data resources. Financial and technological
resources indicators encompass investments in digital health equipment,
telecommunications, software, and cybersecurity, monitored by three
countries. Connectivity and broadband coverage, reflecting digital
infrastructure readiness, were assessed by two countries. Human capital
and skills indicators, specifically measuring data literacy and digital
competencies among healthcare staff and citizens, were identified in
three countries. Information and data resources indicators included the
availability of online datasets and information related to health services
online, tracked by three countries. Collectively, these KPIs reflect
foundational elements critical for enabling effective digital health
strategies.

4.2. Process

In the process phase, focusing on Technology Adoption and Inte-
gration, KPIs addressed the implementation of digital health tools,
adoption and integration of eHealth services, electronic communication
between stakeholders, and health information integration. Indicators
related to the implementation of digital health tools, particularly the use
of Electronic Health Records (EHRs) by health authorities and physi-
cians, were tracked by five countries. Adoption and integration of
eHealth services, especially regarding electronic or dematerialized
prescriptions by physicians, were monitored by six countries, while
physicians' use of eHealth tools, including online appointment booking,
was tracked by three countries. Electronic communication between
stakeholders, specifically between patients and healthcare providers,
was monitored by two countries. Health information integration in-
dicators, capturing system interoperability, were monitored by three
countries. These indicators demonstrate the operational processes
necessary for successful digital health integration within healthcare
services.

4.3. Output

Within the output phase, focusing on the Digitalization of Services
and Operations, KPIs were grouped into digital health service delivery,
health information management and sharing, and healthcare services
digitalization. Digital health service delivery, particularly video con-
sultations, was widely monitored across eight countries. Indicators
related to health information management and sharing, including the
percentage of providers maintaining exclusively electronic medical re-
cords, sharing patient medication information with hospitals, and con-
ducting e-consultations between healthcare providers, were monitored
by two countries. Healthcare services digitalization, specifically infor-
mation digitalization within primary care services, was assessed in one
country. These output indicators result from prior investments and
implementation efforts, indicating substantial progress in healthcare
digitalization.

4.4. Outcomes

In the outcomes phase, KPIs were divided into technical outcomes
and user-reported outcomes. Technical outcomes focused on access to
healthcare services through digital tools and included indicators
measuring the use of internet/electronic services for making medical
appointments (three countries), communication with healthcare or so-
cial welfare professionals (one country), and searching health informa-
tion online (four countries). User-reported outcomes were categorized
into efficient use of electronic health records and user engagement and
satisfaction. Indicators assessing the efficient use of electronic health
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records by citizens and caregivers were identified in three countries.
User engagement and satisfaction KPIs included user experiences—such
as satisfaction, perceived obstacles, and ease of use with electronic and
digital services—and availability of staff support mechanisms, moni-
tored by two countries. These outcome indicators offer crucial insights
into user interaction with digital health services, reflecting their effec-
tiveness and impact from the users' perspective.

5. Discussion
5.1. Framework conceptualization

As outlined in the methodological section, to systematically capture
the different dimensions of the DT journey in healthcare, we developed a
novel conceptual framework encompassing both theoretical and prac-
tical dimensions (Fig. 2). Theoretically, our framework leverages the
concepts of IPOO, which are frequently employed in healthcare systems
analysis, and the key themes derived from the literature. Practically,
each phase is further divided into specific sub-dimensions representing
essential groups of indicators that should be systematically monitored to
track and evaluate healthcare DT effectively. These sub-dimensions have
been derived deductively by integrating insights from the key themes
identified in the relevant DT literature, the document analyses, and the
actual KPIs retrieved from the HSPAs.

In this section, we first outline the proposed conceptual framework,
detailing its primary domains, sub-domains, and the logical in-
terrelationships among these phases, contextualizing them within
existing scholarly literature. Next, we operationalize the framework by
assigning specific KPIs to each sub-domain., Leveraging the inductive
aspect of our methodology, we identify some areas that warrant further
development and monitoring, underscoring their growing importance in
current academic discourse. As a final and complementary step to
enhance the practical applicability of our framework, we proposed a set
of KPIs for each domain and sub-domain (Table 2). These KPIs are
derived from the comprehensive list identified during our analysis (see
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Annex Table 2). While the proposed KPIs do not constitute an exhaustive
or exclusive list, they can serve as a valuable starting point, particularly
for countries that are still in the process of developing a comprehensive
monitoring strategy for DT in healthcare.

As a first step, monitoring DT should start with tracking input ele-
ments, as they form the foundation for the entire process. Ensuring these
inputs are adequate helps create the right conditions for successful
digital initiatives, facilitating subsequent digital processes. Infrastruc-
ture quality, particularly connectivity coverage, affects digital health-
care initiatives; inadequate connectivity hinders the adoption of
advanced digital solutions (Ricciardi et al., 2019). Evaluating digital
skills across stakeholders, including healthcare providers and patients, is
also essential, as successful digital transformation requires robust digital
literacy and training programs to ensure effective technology utilization
(Vial, 2019). Insufficient inputs, such as inadequate funding or infra-
structural deficits, can substantially impede the successful imple-
mentation of digital healthcare services (Heeks, 2006). Specifically, KPIs
such as medical technology investment and broadband coverage serve as
direct indicators of foundational readiness for digital interventions.
Similarly, KPIs monitoring digital literacy skills among healthcare staff
and citizens ensure that the human capital necessary for DT is
adequately prepared, reducing potential barriers to technology adoption
and maximizing effective use.

In the process phase, resources are practically utilized to implement
digital health tools and specific activities. Key indicators monitored
here, such as practitioners' effective use and management of electronic
health records (EHRs), influence the diffusion and integration of digital
health technologies within clinical practice (Agarwal et al., 2010).
Similarly, e-prescription adoption rates signal the degree to which dig-
ital tools have penetrated routine healthcare operations, reflecting
readiness for further digital innovations (Kierkegaard, 2013). Tracking
these process indicators provides essential insights into digital health-
care tools' eventual availability and usability for the broader population.
For instance, measuring the percentage of dematerialized prescriptions
and the number of GP practices enabling online booking directly

Healthcare Digital Transformation Journey
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« Implementation of digital

Financial and technological
resources

* Infrastructures

* Human capital and skills

+ Information and data resources

health tools and systems

» Adoption/integration of
eHealth services

» Hectronic communication
between stakeholders

» Health information integration

Digital health service
delivery

Health information
management/sharing
Healthcare services
digitalization

User-reported

| Co-production /Co-design [

Efficient use of health
records by the users
User engagement and
satisfaction

Fig. 2. —The Healthcare Digital Transformation Journey Framework.
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Table 2
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— Examples of KPIs to be monitored for each Phase, Domain, and Sub-domain of the proposed conceptual framework.

IPOO Key Theme (Domain) Sub-domain Examples of KPIs to be monitored, inspired by the full list of KPIs retrieved from the country's
Phase specific HSPAs.
Input Resources and Infrastructure  Financial and technological resources e Medical technology investment in hospital care (Euros million) per inhabitant
o Tangible and intangible investment in digital health equipment and devices,
telecommunications, and software, by health authorities per inhabitant
Infrastructure e Percentage of households (or population) covered by broadband
o download/upload speed (Mbps)
Human capital and skills o Healthcare staff with basic or above information and data literacy skills
e Individuals with basic or above data literacy and digital skills
Information and data resources e Share of Digitally Available Health Reports (%)
Process Technology Adoption and Implementation of digital health o Electronic Health Record (use by citizens, Health authorities feeding and using the EHR,
Integration tools Physicians feeding and using the EHR)
Adoption/integration of eHealth o Percentage of pharmaceutical/specialist prescriptions dematerialized
services e GP practices (/%) with the ability to book appointments online
Electronic communication between o Use of secure asynchronous electronic communication between patients and healthcare
stakeholders service providers
Health information integration e Number (%) of registries/administrative data with linking features to electronic health
records
Output Digitalization of Services Digital health service delivery e Percentage of video-consultation
and Operations Health information management/ e E-consultations between healthcare providers per 100,000 population
sharing
Healthcare services digitalization e Percentage of individuals accessing digitalized healthcare services
Outcomes Technical Access to healthcare through digital e Percent of appointments booked online

tools

Efficient Use of Electronic Health
Records by the Users

Users' engagement and satisfaction

User-reported

Recent Use (within 90 days) of EHR by citizens with activated accounts (%)

Satisfaction for the clinician with the different eHealth services, tools, and actions
Satisfaction with e-consultations

evaluates the operational adoption of digital tools, reflecting the
healthcare system's maturity in integrating digital solutions into routine
care processes. Furthermore, the use of secure asynchronous electronic
communication between patients and providers and the degree of inte-
gration between administrative data registries and EHRs indicate how
effectively digital systems facilitate efficient communication and inter-
operability, essential for coherent and sustainable healthcare delivery.

The output phase reveals the initial tangible effects of digital
healthcare tools. Monitoring telehealth consultation proportions, for
example, provides evidence of digital tools' practical effectiveness on
patients, healthcare professionals, and healthcare systems (Bashshur
et al., 2014). Additionally, assessing the digitalization of fundamental
healthcare services, such as online General Practitioner selection, en-
sures users can effectively achieve healthcare objectives digitally,
reflecting improved access, efficiency, and patient satisfaction
(Gjellebaek et al., 2020). KPIs such as the percentage of video consul-
tations, frequency of e-consultations among healthcare providers, and
public usage rates of digitalized healthcare services concretely measure
the outputs of implemented digital initiatives. These indicators confirm
the extent to which prior input and process efforts have resulted in
accessible, effective, and patient-centred digital services.

The outcomes phase is where everything comes together, showing
the real impact of digital interventions and measuring the progress made
from earlier stages. Outcomes encompass both technical aspects,
including the integration and effective use of digital tools for accessing
healthcare services (e.g., online appointment bookings or patient-
provider communications), and user-reported experiences like satisfac-
tion, perceived barriers, and ease of use (Greenhalgh et al., 2017). On
one hand, monitoring and assessing technical outcomes, such as acces-
sibility to various services through digital means, can initiate a strategic
planning feedback phase. This feedback creates a loop back to the input
phase, guiding the development and implementation of more effective
policies. In turn, these policies can ensure the appropriate allocation of
resources to achieve the intended outcomes and enhance them as
needed (Bryson et al., 2014; Sittig and Singh, 2010). On the other hand,
systematically capturing user experiences is essential for developing co-
production strategies that address gaps and drive continuous improve-
ment. This approach supports targeted adjustments, such as reallocating

resources or enhancing infrastructure, to better meet evolving needs
(Greenhalgh et al., 2017; Heeks, 2006). Technical outcome indicators,
like the percentage of appointments booked online, directly reflect
enhanced service accessibility resulting from successful DT. Simulta-
neously, user-reported indicators, such as citizen usage rates of EHRs
and clinician satisfaction with digital services, demonstrate the
perceived value and effectiveness of digital healthcare from an end-user
perspective. These user-centered indicators not only validate the tech-
nical achievements but also provide critical insights necessary to foster
continuous improvement and strengthen user engagement, ultimately
ensuring a sustained, user-oriented digital transformation in healthcare.

While some of these KPIs represent valuable and unique experiences
from specific countries that may lead the way, others represent known
international practices. KPIs such as investment in digital health and
technologies, broadband coverage, and digital skills reflect well-
established enablers of digital readiness (OECD and European Com-
mission, 2024). EHR adoption and e-prescription usage KPIs align with
eHealth benchmarking commonly monitored at the international level
(World health Organization, 2022). Video consultation-related KPIs,
which are monitored by the majority of countries in our analysis, are
considered a standard in digital health evaluation (OECD, 2023). Ulti-
mately, outcome indicators, including clinician and patient satisfaction
and engagement, are increasingly acknowledged as crucial for evalu-
ating the qualitative impact of digital health on system performance and
user experience. This recognition facilitates a virtuous cycle of feedback
among all phases of the healthcare system's digital transformation
(World health organization, 2023).

5.2. Missing areas and evolutionary directions

During the analysis of the KPIs and the conceptualization of the
framework, we observed that several elements discussed in the literature
did not emerge from the review of indicators included in the HSPAs of
the countries analyzed. These themes, although present in theoretical
discourse, were not consistently associated with a specific IPOO phase.
As a result, we chose to explicitly incorporate these areas—where a gap
between theory and practice persists—into the framework as dotted
blocks, and we provide a focused discussion of the most relevant aspects
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in the section that follows. This serves a dual purpose: first, to highlight
critical missing areas in current monitoring systems; and second, to
position these themes as potential avenues for future development,
supporting the integration of key socio-technical dynamics into
comprehensive digital transformation monitoring frameworks in
healthcare.

As a first aspect, a growing concern is the one related to patient safety
in digital healthcare. Although digital technologies can enhance patient
safety in some areas, they simultaneously introduce new risks, like in-
formation overload (Nijor et al., 2022) and usability (Ratwani et al.,
2018), as well as increase cognitive burden for staff, exacerbating the
risk of error (Flott et al., 2021). Current literature emphasizes the need
for dedicated measures to assess these risks effectively; for example,
measuring the number and type of clinical IT-related safety incidents
can inform risk management strategies (Sittig and Singh, 2010).
Consequently, integrating specific patient safety indicators into digital
performance frameworks could enhance healthcare delivery quality and
user safety (Ricciardi et al., 2019).

Another important aspect emerging from both literature and practice
is data portability, which holds particular significance within the
context of the European Union. This concept was introduced through the
General Data Protection Regulation (GDPR), specifically under Article
20. This enables individuals to “transmit their data to another data
controller without hindrance, provided that the processing is based on
consent or a contract and is carried out by automated means” (European
Union, 2016). This provision aims to enhance users' data sovereignty
and promote interoperability among online services, ultimately
fostering a user-centric digital environment (De Hert et al., 2018; Kue-
bler-Wachendorff et al., 2021). In the healthcare sector, the European
Commission has recently proposed a Regulation to establish a European
Health Data Space (EHDS). The proposed European Health Data Space
(EHDS) aims to enhance individuals' access to and control over their
electronic health data, effectively strengthening the Data Portability
provision (Li and Quinn, 2024). This initiative is expected to yield
multiple benefits: generating € 11 billion in savings over the next decade
through improved data accessibility, enhancing healthcare service effi-
ciency across EU member states, driving a 20-30 % expansion in the
digital health sector, strengthening policy development and scientific
research, and leading to better health outcomes for European citizens
(European Commission, 2025). Given the recent advancements in policy
and the growing research interest around Data Portability, it is essential
to start thinking about measures that integrate this aspect into the
healthcare system as a part of the DT journey.

Lastly, although the growing introduction of Al in healthcare yet a
few measures being developed to monitor this phenomenon. The rapid
adoption of Al across various sectors of healthcare necessitates sys-
tematic monitoring of both its diffusion and its impact on healthcare
delivery and service integration (Topol, 2019). Indeed, for some time
already, Al tools have been much more integrated into healthcare
(Appio et al., 2021). Despite its potential to transform the field, Al-based
technologies do not exist in isolation; they must be effectively integrated
within organizational contexts (Ali Mohamad et al., 2023). Previous
research has demonstrated that organizational strategies for imple-
menting health information technologies and the prevailing organiza-
tional culture can influence both adoption and utilization (K. Cresswell
and Sheikh, 2013). For instance, a lack of integration with existing
health information systems can hinder system performance, impede
practical use, and negatively affect safety and user experience (Cresswell
et al., 2017). To effectively address both the advantages and challenges
posed by Al, health systems should not only develop metrics focused on
this critical aspect but also create frameworks that facilitate the safe
integration of Al within existing organizational structures and processes
(Cresswell et al., 2024).

Focusing on the areas mentioned above will be essential shortly to
address the challenges and opportunities arising from the DT of
healthcare. It is also fundamental to prioritize the development of

Technological Forecasting & Social Change 221 (2025) 124340

measures to track advancements in these fields.
6. Conclusions

In our exploration of metrics to measure and monitor DT within
European healthcare systems, we have uncovered both promising ad-
vancements and notable gaps. This study specifically examines how
metrics related to the digital transformation of the healthcare sector
across EU countries are integrated and operationalized within HSPAs. It
underscores the importance of making these measures concrete to pro-
vide actionable insights for managing DT initiatives.

These efforts are essential to strengthen resilience and ensure
healthcare systems are better prepared to effectively handle future
challenges and crises. Recognizing the significance of established met-
rics that assess the general digitalization within the European Union,
such as the DESI (cfr. Paragraph 1), our study offers a multi-dimensional
insight into the specifics of healthcare systems across Europe, with a
focus on the HSPAs. It is important to emphasize that HSPAs do not limit
their scope to digital health; rather, they address the complexities of
healthcare systems by analyzing various other aspects as well.

Based on our investigation, we have gained insights into the incor-
poration of digital health into HSPAs. Many European countries have
shown a strong commitment to evaluating the digitalization of their
healthcare systems by developing specific KPIs, which highlight the
importance of measuring and tracking digital health initiatives. In light
of this, several areas of focus in digital health integration have emerged.
Firstly, there is a significant emphasis on monitoring digital health
service usage, particularly in terms of internet-based health information
seeking. This reflects a shared interest among countries in assessing
digital health literacy and engagement among their populations. Addi-
tionally, the adoption of EHRs is prioritized to digitize health informa-
tion, aiming to enhance accessibility and interoperability within
healthcare systems. Furthermore, increasing attention is directed to-
wards telemedicine and teleconsultations, signaling a shift towards
remote healthcare delivery methods to improve accessibility and effi-
ciency. Investments in digital health infrastructure, including broad-
band coverage, underscore the importance of robust connectivity to
support digital health initiatives effectively. It is, however, important to
recognize that relatively few indicators related to inputs have been
developed in comparison with the other phases of IPOO, as seen in the
findings. Given the increasing significance of digital health, it will be
essential in the future to continue monitoring this crucial phase by
developing even more specific measures. As a final note, efforts to
monitor patient engagement and satisfaction are significant in certain
countries but have not been widely implemented. In a healthcare
landscape increasingly focused on patient-centeredness, it is essential to
monitor how digital tools and applications affect patients. This will
enable the establishment of virtuous cycles that involve them in the
development of improved digital tools.

Still, as highlighted in the framework conceptualization paragraph,
some factors identified as relevant in the literature are not monitored in
practice. This suggests potential time lags between what is considered
important for DT and countries' ability to implement or adjust their
measurement systems, possibly due to data availability constraints,
which almost appear as a paradox when talking about DT. Moving for-
ward, it is crucial to tackle future challenges and gaps in digital health
integration and KPIs development. Specifically, there is a need to
identify and develop KPIs that reflect the evolving landscape of digital
health, including measures related to patient safety, data portability,
and Al applications. Additionally, enhancing standardization across
healthcare information systems will be essential for facilitating mean-
ingful cross-country comparisons and evaluations.

6.1. Implications

Our study offers some implications for scholars, practitioners,
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healthcare organizations and policymakers. Across the analyzed coun-
tries, where the operationalization and systematization of digital health
indicators are prioritized, there exists a concerted effort to evaluate the
level of digitalization through the development of KPIs into HSPAs.
First, our analysis advances the growing stream of literature regarding
DT in.

Our study contributes to the growing literature on DT in healthcare
(Dal Mas et al., 2023; Kraus et al., 2021b; Leone et al., 2021; Marques
and Ferreira, 2020) by offering a comprehensive and structured
framework that synthesizes the main themes identified in prior
research—such as infrastructure readiness, technological integration,
service digitalization, and outcome measurement (Mauro et al., 2024;
Vial, 2019). This study attempts to consolidate these main themes into a
unified perspective, operationalized through the IPOO framework and
empirically supported by the analysis of KPIs. In doing so, we try to
bridge the gap between theoretical constructs and real-world imple-
mentation by highlighting not only which digital KPIs are being used but
also how they align with different stages of transformation. This enables
scholars to understand the managerial and policy levers necessary to
drive effective DT in healthcare systems. Furthermore, the study pro-
vides a foundation for future case studies and/or comparative research
on the intertwined nature of DT and performance measurement, high-
lighting the fundamental importance of “measurement” for effective
“management”. HSPAs serve the purpose of setting out the goals and
priorities for a health system, with KPIs monitoring the investment
strategies and measuring progress towards the achievement of goals. In
this sense, our conceptual framework, which incorporates measurable
indicators of DT organized into domains and sub-domains, favors the
integration of standardized, quantitative metrics that enable comparison
across contexts and over time. Consequently, systematically comparing
KPIs could support scholars, managers, and policymakers in mapping
the direction of DT initiatives across countries and benchmarking their
initiatives. Our study establishes a foundation for future research by
consolidating the current understanding of metrics related to DT in
healthcare across various countries and proposing a conceptual yet
applicable framework that takes into account the complexity of
healthcare delivery in Europe, making different systems comparable By
identifying a set of KPIs to cover all the phases of DT in healthcare and
by unveiling key gaps and areas for further exploration, our research
enhances the basis for other impactful studies.

Practitioners and healthcare organizations, such as hospitals and
clinics, can also benefit from this study by integrating the framework's
phases and its digital KPIs into their internal governance structures. A
practical approach could involve establishing dedicated monitoring
committees comprising stakeholders from various domains, including
clinical leaders, practitioners, administrative managers, patient repre-
sentatives, and IT specialists. These committees would be tasked with
the regular review of KPI progress, swift identification of issues, and
ensuring accountability across departments. To facilitate real-time de-
cision-making, the implementation of interactive KPI dashboards
accessible to managers and other relevant stakeholders is recommended.
These dashboards would offer actionable insights into digital service
adoption metrics. Moreover, publicly disclosing this data is a funda-
mental action that not only enhances accountability and transparency
but also helps in identifying best practices, thereby influencing and
driving change across the healthcare sector. Given the rapid and
continuous pace of DT in healthcare, these dashboards must be updated
regularly to reflect shifting priorities and emerging challenges. This
dynamic approach ensures that healthcare organizations remain
responsive and adaptive, fostering a culture of continuous improvement
and update. Moreover, the establishment of systematic KPI-related
performance audits within public organizations represents a valuable
tool for strengthening administrative transparency, enhancing perfor-
mance, and fostering a results-oriented organizational culture by
sharing best practices. These audits can be conducted both internally
and across different organizations to create a collaborative network that
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critically analyzes performance management processes, promoting
mutual improvement and learning. At the same time, targeted training
for the stakeholders involved in the organizational processes should be
encouraged to ensure the development of the necessary analytical and
evaluative competencies. This fosters a more informed and capable
workforce, enhancing the quality of decision-making. Finally, policy-
makers are central stakeholders in the DT of healthcare systems, and this
study offers them a strategic tool to guide policy development, imple-
mentation, and evaluation. The adapted IPOO framework provides a
structured approach to identify priority areas, allocate resources effec-
tively, and monitor the impact of digital health initiatives. By analyzing
specific KPIs and their interrelations, policymakers can gain insights into
the readiness, adoption, and outcomes of digital health interventions,
facilitating evidence-based decision-making. Although the framework
has been deliberately designed to maintain a general structure that
captures the macro dimensions of DT, it provides a basis for the devel-
opment of context-specific KPIs informed by both national and inter-
national experiences. This approach is consistent with the widely
acknowledged principle that HSPAs must be tailored to the distinct
goals, values, and contextual needs of individual countries, thereby
rendering a universal, one-size-fits-all solution unfeasible. Nonetheless,
this study offers a significant contribution towards the establishment of
a shared European framework for assessing DT in healthcare, promoting
the creation of collaborative spaces similar to existing communities of
experts within the HSPA ecosystem (Paoli et al., 2019). Such collabo-
rative platforms would play a role in defining, refining, and updating
priority areas of intervention related to DT in healthcare. However,
despite a collective commitment among European countries to advance
digital health agendas, persistent challenges—including resource con-
straints and limited data availability—may hinder the development of
comprehensive monitoring and evaluation systems. For this reason, the
potential guiding role of supranational organizations may prove
instrumental in fostering alignment and standardization of digital health
monitoring practices. These entities could facilitate the coordination of
methodological approaches, promote data harmonization, and support
the development of shared indicators, thereby enabling countries to
overcome individual limitations.

6.2. Limitations and future research

This study has some limitations worth noting. Firstly, it only focuses
on European Union countries, which, while clearly stated, limits the
possibility of discovering other relevant experiences that could poten-
tially add value to this research. Future studies could expand their scope
to include different geographical areas. Secondly, this research relies on
Google Scholar as its primary database for searching. While this was due
to its extensive and comprehensive documentation regarding the
countries under analysis, it could bring challenges in ensuring that all
relevant sources of information were included. Additionally, the study
only considers the HSPAs or other performance measurement systems as
frameworks to analyze the availability of the KPIs under study. This
means that other potential sources of KPIs are excluded.

Another aspect worth mentioning is the one related to the data
availability aspect. In our analysis, we deliberately included all relevant
indicators identified, including those that are currently not fully
computable due to data availability constraints. Although incorporating
these future-oriented indicators enriches the comprehensiveness of our
framework, data availability issues may currently limit its practical
applicability.

While the study intended to focus on HSPAs, future research could
delve deeper into a single country's experience or single indicators/areas
to provide more detail and develop a more comprehensive discussion
around these metrics. Our focus on HSPA may have caused us to over-
look internal systems or procedures internal to countries that may be
specifically designed to monitor digitalization.

Another limitation is that the concept of DT and HSPA experiences
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evolves rapidly, which means that this research should be updated
regularly to reflect the evolution of practices regarding the imple-
mentation and operationalization of digital health KPIs into HSPA or
other countries' performance evaluation systems. Future research could
explore interconnected effects and strategic decisions concerning tech-
nology, organizational structure, and environmental factors that facili-
tate the digital transformation of countries through cross-country
comparative analyses.
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