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Abstract

Background: Today's health organizations are under increasing pressure to meet a range of sometimes
conflicting, often divisive goals. Consequently, they need to maximize the value created for patients as an
overarching goal. Value can be addressed through organizational processes managed through activities, actors
and resources. Managers perceive this interaction process mainly through resource and cost dimensions.
However, the extent of the change in resources, i.e. the change in value creation caused by a new technology,
has not yet been investigated.

Purpose: In our study, we examine the consequences of technological alterations resulting in a change
regarding resources that impact value creation. We seek to describe the change patterns in resource
compositions that occur when introducing a new technology into an organizational process.

Study design/methodology/approach: We adopted a case study method with a process perspective, where
we applied the Time-Driven Activity-based Costing (TDABC) framework to capture the managerial perspective
on cost and resource management related to value creation. Five healthcare protocols implemented using
different technologies (face-to-face and telemedicine) were analyzed.

Findings/conclusions: Resource changes due to technological modifications seemingly occurred without a
distinct pattern. However, we could confirm that the changes not only affected activities in areas where new
resources were introduced, but also had spillover effects. Our results reveal that the extent of changes caused
by technological alterations can be determined through changes detected in information. The results highlight
the importance of the extent of change and information management.

Limitations/future research: The most significant limitation to generalizing our findings is the research context
itself. The sector-specific characteristics of the healthcare sector limit the generalizability of our results. Another
limitation is the number of observed cases and our research method. This suggests the need for further
research, as it seems justified to test the TDABC methodology on multiple other cases.
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Introduction

Technological change is radically reshaping not
only market behaviors, but also the way
organizations operate and the interactions between
actors. For a given technology, specific resources
interact with each other to create value for the
organization, and in combination provide utility to
individuals or actors in the network (Hakansson &
Waluszewski 2002; Hakansson, 2009). As
technology changes, the range of resources
interacting with each other changes, the way in
which resources are combined, thus the utility
provided by them changes simultaneously
(Gressetvold 2001; Hakansson et al., 2009).

However, as technology changes, new
resources are emerging in exponential numbers,
and new knowledge is needed to bring them into
operation and control their costs. In addition,
resources are often not even managed
independently, as a decision to use a resource
results in the “calling up” of more and more
resources, transforming the existing use of
resources. In many cases, resources also change the
information flows of processes and the way actors
are involved (Dora — Szalkai, 2020). Therefore, the
implementation of a technology leads to numerous
changes, whereby success is far from being
determined (Gressetvold, 2001; Hakansson et al.,
2009).

The literature has so far provided few answers
to address these phenomena (Keel et al., 2017). It
is not clear along which patterns technology
transforms the resource constellations used for a
given purpose, nor is it clear how to identify the
extent of the changes that result from the
development of technology. These questions are
critical for value management, and for harnessing
the benefits of technological change.

In our study, we examined the emergence of
technology-induced change in health service
organizations, where the pandemic caused by the
SARS-COV-2 virus has accelerated the urgent
adaptation of technological developments. There is
an increased demand from patients, healthcare
providers and policy makers alike for the growing
adoption of telemedicine and telehealth
applications (Parikh et al., 2020; Middleton et al.,
2020). This also implies a transformation in the
way health services provide value.

In healthcare services, value can be described
as the ratio of the outcomes achieved in a health
state to the inputs made to achieve them (Porter
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2010, p. 2477). Value, from this perspective, can
be enhanced by increasing the outcomes achieved
in a health state for a given set of resources, or by
minimizing the inputs in the whole healthcare
delivery cycle for a given set of outcomes (Kaplan
& Porter, 2011). Managing value in this way
requires increased control over the resources and
resource combinations involved in a given care
process, and thus over the inputs. Business
processes create value as a result of the interaction
of activities, actors and resources (Hakansson &
Snehota, 1995), so managing value is in essence
managing interactions. However, managers view
this management process of interactions through
the management of control over resources and
costs (Porter, 2010; Kaplan & Porter 2011; Kaplan

etal., 2014).
To model the managerial perception and the
managerial perspective in controlling

expenditures, we applied the Time-driven Activity-
based Costing (TDABC) (Kaplan & Anderson,
2004), a costing method widely used in healthcare
service organizations. TDABC, because of its
approach, has numerous benefits for healthcare
organizations. TDABC directly assigns resources
to activities required to achieve a given health
outcome by calculating the expenditure of the care
cycle based on the duration of time required to use
the resources in a given activity (Kaplan et al.,
2014). It can enhance value by capturing costly
steps, creating opportunities to incorporate lower
cost resources, or incentivizing the continued use
of expensive resources (Kaplan et al., 2014).

We examined the consequences of a change in
the technology used by a clinical organization
providing patient care. Our focus is on how the
introduction of a new technology (in this case
telemedicine technology) reshapes patient care
activities, resources and capacities involved. Our
investigation is conducted from the analytical
perspective of TDABC by examining how changes
are manifested when applying the TDABC
framework. Our results point to the need to identify
the extent of change, the importance of information
management, and the need to improve TDABC
methodology.

In this article, we therefore start with an
interpretation  of  the  characteristics  of
technological change (Chapter 1.1), covering the
main literature on the tangibility of resources,
technology and resource interaction, and the key
contexts in which they are understood as they
change. We then turn to an explanation of the
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concepts of telemedicine and telehealth (Chapter
1.2), interpreting the experiences and contexts
identified so far in research on patterns of change
in healthcare practices supported by digital tools.
Next, we present the perspective of TDABC, a
framework commonly wused by healthcare
providers to control resources, and the
cornerstones of its application (Chapter 1.3). We
conclude our literature review by summarizing the
findings of applying TDABC in healthcare
organizations (Chapter 1.4). In the second chapter
(Chapter 2), we elaborate on our research question
and research methodology, and then focus on the
details of our findings (Chapter 3). Following our
detailed answers to the research questions (Chapter
4), we draw our main conclusions (Chapter 5) and
outline the main directions for theoretical and
practical application. We conclude our study by
identifying the limitations of the extension of our
findings and future research directions (Chapter 6).

1. Theoretical Background

1.1 Characteristics of change regarding
technology and resources in interactions

Change in the life of organizations can be seen as a
constant feature that is present in every aspect of
organizations (Burnes, 2004). It is generally
accepted that successful change management is a
necessity in an ever-changing business
environment, yet around 70 per cent of change
efforts fail (By, 2005, p. 370), making the
importance of successfully managing change even
more salient. The nature of change itself, and thus
the subject of organizational change, is extremely
diverse, and it is not surprising that a number of
studies have been carried out focusing on different
aspects of organizational change (Whelan-Berry &
Somerville, 2010; Weick & Quinn 1999;
Pettigrew, 1985). As we focus on change processes
related to specific resource bundles identified as
certain kinds of technology, we seek to obtain a
deeper understanding of the dynamics of change in
the context of resources and the interactions
between them. For our investigation, the
foundations of the resource-based point of view
(RBV) can serve as a starting point. The RBV is
one of the most widely used theoretical
perspectives  today and  pioneered the
conceptualization of firms as sets of unique
resources that form the basis of organizational
value creation (Penrose, 1959). Two of the most
popular theoretical approaches based on the RBV
are the network approach developed by the
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Industrial Marketing and Purchasing Group (IMP)
and the service-centric perspective known as
Service-Dominant Logic (S-D-L) by Vargo and
Lusch. Both approaches emphasize the key role of
resources in business networks, and they assume
that the dynamic and evolutionary nature of
resources control value and exchange processes
(Bocconcelli, et al., 2020, p. 1). Both perspectives
can be also used to explore healthcare networks in
depth (Déra & Szalkai, 2020; Wells, et al., 2015).
However, the two perspectives describe the nature
and value of resources differently, along with the
context in which resource interconnection occurs.
Because our focus is on resource combinations in
healthcare delivery processes, with a particular
focus on technology change, we examine this
phenomenon from a network perspective. The
research of the IMP group, which uses the network
approach, points to the complexity of combining
resources, managing changes in resource
combinations and intense interactions, all of which
characterize the technological adaptation that takes
place in healthcare organizations (Cantu, et al.,
2012; Hu, et al., 2002).

From the IMP point of view, resources are
considered economic entities that represent value
to an economic actor (Prenkert, et al., 2019, p. 140)
that become resources only when a way of using
them is revealed (Gressetvold, 2001). However,
due to resource heterogeneity, individual resources
may be considered passive and lacking in value.
Thus, the nature of a given resource and its inherent
economic value-creating potential will be
determined by how it interacts with other resources
(Gressetvold, 2001; Hakansson et al., 2009). In
addition, the characteristics, usefulness, and value
of resources owned by a given organization depend
not only on how they are combined with other
resources within the organization but also on how
they are combined with related resource
combinations within networks (Hakansson et al.,
2009, p. 65-66). An important finding of the IMP
group is that networks strongly influence the
characteristics of organizations’ resources as the
latter do not have full control over their resources
due to interdependencies (the latter are also related
to the resources of other organizations) (Prenkert et
al., 2019).

Accordingly, one should evaluate resources and
resource combinations relative to each other and in
relation to the actors who create, activate, and use
them (Cantd et al.,, 2012). The relationships
between actors and resources can be clearly traced
using the Actor-Resource-Activity (ARA) model
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(Hakansson & Snehota, 1995), which describes the
content of business relationships. In this, actors can
be characterized by the range of activities they
undertake and the set of controlled resources that
are used. For resources to be combined, they must
interact. During this process, they must be
transformed, so they change, recombine, evolve,
and can be used and reused (Crespin-Mazet, etal.,
2014, p. 11). Thus, resource interaction refers to
the processes of combining, recombining, and
jointly developing resources (Baraldi, et al., 2012,
p. 266). The channels of resource interaction
processes are called resource interfaces. Interfaces
specify how resources are connected (Prenkert et
al., 2019, p. 139). A resource interface connects at
least two resources but can indirectly connect
many others through indirect interfaces (Prenkert
et al, 2019, p. 142). The systematic
interconnection of resources is a complex process
that results in complex and unique interfaces.
When changing a resource (i.e., when a new
resource is involved or an existing resource is
developed) new interfaces will be created that will
have a spill-over effect on indirectly related
resource combinations (Hakansson et al., 2009).

Different resources are connected in different
ways in value creation processes by creating
unique interfaces. Every change in the resource
level also changes the value creation process. This
is especially true for resource constellations that
combine many resources that converge around a
particular technology. Technology change plays a
key role in the proper utilization of technology and
ensuring the level of production/service (Hu et al.,
2002, p. 198).

A technology is a unigque system of
relationships based on interdependencies between
many different resource entities that can play
multiple roles in exchange processes. Technology
may be the subject of exchange, but it is more often
involved in transforming the resources being
exchanged. Hakansson and Waluszewski (2002;
2007) describe technology as resource bundles
interconnected through different points of
connections, namely a pattern of interfaces. This
pattern of interfaces determines the characteristics
of each resource element, consistent with the
technology (Hakansson & Waluszewski, 2002, p.
211). Consequently, when such patterns change, it
is important to understand exactly how this will
affect (1) the coherence of the connections of pre-
existing resources in the pattern, and (2) how the
pattern fits into value-creation processes
(Gressetvold, 2001).
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Changing the current technology, therefore
changing the way value is created leads to a
number of challenges in organizations. We
examined the context of healthcare organizations
where, in the era of Value-based Healthcare,
particular attention is being paid to the process of
value creation. Exploring technological change and
the impact of change on value raises particularly
interesting issues, as value creation involves a
complex system of resources in healthcare
services, where innovative digital platforms are
being used to maximize value for patient health.

1.2 Value creation and technological
adaptations in healthcare

When venturing to study technological
adaptations in healthcare, it is important to
understand the main features of healthcare as a
service system. One of these is that value creation
takes place across organizational boundaries in the
form of complex services, as the value perceived
by stakeholders is realized as a result of the
collaborative activities of vastly different actors
(Frow, et al., 2016). Furthermore, organizational
units are involved in producing these complex
services, from hospitals through specialists
offering specialized services to units that provide
only basic services (Porter, 2010).

In order to successfully produce value in
healthcare, the transformation of a wide variety of
resources must take place through the cooperation
of a diverse set of actors. Other essential features
of the healthcare delivery system are related to the
management of these resources. The resources to
be utilized are limited, and there is strong demand
for them from actors with different interests (Frow
et al., 2016). Actors may have different positions
and perceptions regarding the healthcare delivery
system they are part of (Pauli, et al., 2023), and
about the value attainable from it and the limited
available resources and their utilization
(Edvardsson, et al., 2011).

Based on the above, it is clear that healthcare
organizations will be able to successfully
maximize value only if they can adequately
manage the acquisition and assembly of resources.

To maximize value and improve patient health
through  resource  management, healthcare
providers have started using more digital
technologies and digital platforms (e.g. social
media) (Akdas & Cismaru, 2022). The various
information technology solutions and digital
platforms used in healthcare are highly effective at
reducing complications in healthcare procedures
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and positively impact quality of life by increasing
social and economic benefits (Sikandar, et al.,
2022, p. 35).

However, the advancement of digital
technologies in the healthcare sector has been
driven not only by opportunity but also by
necessity. For example, in 2020 — as a result of the
onset of the coronavirus epidemic — access to face-
to-face healthcare delivery became limited,
resulting in an increase in the use of telemedicine
(Parikh et al., 2020; Middleton et al., 2020).

Telemedicine is rather broadly interpreted. It
means the use of information technology to
provide location-independent healthcare services.
Telemedicine applications are implemented in the
hope of increasing the quality and accessibility and
reducing the cost of healthcare (Paul, et al., 1999).
Telemedicine has been applied in the fields of
prevention and patient care, including diagnostics,
medical care, and rehabilitation (Sisk & Sanders,
1998). Telemedicine applications can take the form
of remote monitoring, telecommunication-assisted
health consultations, and complex programs
involving the complex application of innovative
technologies and processes (Reardon, 2005). The
concept of telemedicine has now been transformed.
Telemedicine today refers to the use of
telecommunications devices in healing, while all
services that complement healing are described in
the literature as telehealth (Puskin, et al., 2006;
Schwamm, 2014). Although telemedicine is
defined as the use of information technology in
health services, it is always accompanied by the
development of human resource systems, the
redefinition of social and cultural barriers, and the
development  of  organizational  structures
(LeRouge, et al., 2010).

In the digitally supported healthcare delivery
process, various determinants of patient care
activities and the resources that are used can be
identified, such as the respective digital platform,
the way information is managed, additional
communication tools and resources, and staff
preparedness (Middleton et al., 2020; Zanotto, et
al., 2020). The use of digital platforms during the
introduction of telemedicine requires the
acquisition of platform-compatible devices (e.qg.,
smartphone, platform, and computer) (Middleton
et al., 2020). In many cases, the creation of
individual facilities for the application of telehealth
is necessary (Zanotto et al., 2020; Rodrigues, et al.,
2021).

The studies that have compared the efficiency,
time, and resource intensity of telemedicine and
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telehealth with traditional care have found that
some activities change, alter, or disappear as
technology changes, while in other cases,
technology brings new activities to life (Parikh et
al., 2020; Portney, et al., 2020; Bauer, et al., 2020;
Middleton et al., 2020). Discontinued activities
release reserved capacity or resources, while new
activities involve new resources into the care
process. The resource intensity of telemedicine and
telehealth is also found to be changing. As the time
activities undergo changes, so does the use of
resources, and in some cases the type of resources
that are required (Rodrigues et al., 2021; Parikh et
al., 2020; Portney et al., 2020). Some telemedicine
and telehealth activities free up time, and others
lengthen the time that is taken. With some
telemedicine and telehealth activities, the resources
that are used change (for example, an activity once
undertaken by a doctor in the case of face-to-face
medicine is carried out by a nurse), modifying the
cost of the care process.

1.3 Time-driven activity-based costing
(TDABC) methodology and its application in
healthcare

The focus of organizations’ technological
development and adaptation activities is on
enhancing their ability to create value. When it
comes to value creation, the aim of introducing a
new technology is to enhance value, either by
improving the outcomes that deliver value or by
reducing the level of costs associated with value-
creating activities. Managers meet these issues
regarding value creation and technological
adaptations mainly through cost analyses. Among
cost analysis frameworks, various Activity-based
costing (ABC) methods are often used as a tool for
managerial control. A more accurate and
sophisticated version of activity-based costing
(ABC) is the Time-driven Activity-based Costing
(TDABC) framework.

In contrast to the traditional ABC methods,
when applying the TDABC method, the costs of
resources are not allocated to activities and then
products; instead, managers first estimate the
resources required for each transaction, product, or
customer. Then, two parameters must be estimated
for each resource group, on the one hand, the unit
cost of providing a resource, and on the other, the
unit time of resource capacity use per product
(Kaplan & Anderson, 2004).

TDABC is most commonly applied by
healthcare organizations to healthcare systems or
healthcare facilities (Etges et al., 2019; Zanotto et
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al., 2020; Portney et al., 2020; Rodrigues et al.,
2021). The growing healthcare application of
TDABC is rooted in the value-based healthcare
(VBHC) framework. VBHC encourages healthcare
organizations to optimize the value equation by
maximizing health outcomes while reducing costs
(Keel, et al., 2020).

TDABC allows providers to accurately

measure the resource requirements and costs of
treating patients under specific health conditions
throughout the delivery cycle (Kaplan et al., 2014;
Cidav et al., 2021). Institutions often use the
method to explore opportunities for the
development of the delivery cycle, to assess the
costs of the healthcare process, to improve
information about costs, and to compare traditional
and time-based cost information (Etges et
al.,2020a; Etges et al, 2020b). Frequent
operational applications include redeployment,
workflow development, and the modification of
the use of facilities (Popat & Guzman, 2018; Etges
etal., 2022).
The healthcare application of TDABC is described
by Kaplan and Porter (2011) as a seven-step
process, although based on practical experience
Etges et al. (2019) define eight steps. Experience
has shown that critical steps in the application of
TDABC are: (1) the definition of study objectives,
(2) the identification of medical conditions, (3) the
definition of the care delivery value chain (CDVC),
(4) the mapping of processes, identification of
resources and capacities involved in processes, (5)
the estimation of resource and capacity times
required by processes, (6) the estimation of costs of
resources and capacities (direct and indirect), (7)
the definition of capacity cost rate, (8) the cost
estimation of care processes, (9) -cost-data
analytics, and (10) support for management
decision-making (Allin, et al., 2020; Choudhery, et
al., 2021; Etges et al., 2019; Etges et al., 2020a;
Kaplan & Porter, 2011; Kaplan et al., 2014; Keel
etal., 2017; Pathak, et al., 2019).

TDABC works well when applied to
standardized protocols through which services are
provided in a repeatable manner. Based on this, the
healthcare delivery process can be defined and
mapped (Keel et al., 2020). This is an important
issue, as an essential element of health-tailored
TDABC is defining CDVC, through which
activities are described from the beginning to the
end of the delivery cycle (Keel et al., 2020; Thaker,
et al.,, 2017). This step includes identifying
activities, locating them, mapping the whole care
process, and helping to identify the resources and
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measurements that are needed. The step is thus
associated with a myriad of benefits; however, few
studies have addressed the location of the care
process, methods of measurement, the flow of
information, and the involvement of patients (Keel
et al., 2017). This requires an examination of care
activities, the related resources and capacities, and
the interactions of patients who are involved.

During the application of TDABC, the issue of
incorporating alternative (non-standard) activities
into the care process model arises. Alternative
activities may be due to specific complications or
differences between patient groups. These
activities happen separately (without affecting the
occurrence of other activities). As a result of their
occurrence, the utilization time of existing
resources either increases or their realization
requires the use of additional capacities and
resources (Sadri, et al., 2021; Fang, et al., 2021).

Using TDABC allows organizations to manage
the implementation of specific activities with
different resources. For example, a different
resource can change the capacity that is used in a
given activity, raw material, the learning curve, or
needed competencies (Thaker et al., 2017). In this
regard, the TDABC method focuses on learning.
According to the TDABC methodology, if the
analyst identifies a change in the cost of the
resource or the practical capacity of the required
resources, the resource cost per time unit or the
capacity cost rate should be updated. Through this,
a given activity can be easily updated, along with
the cost estimate of the whole process (Kaplan &
Anderson, 2004).

However, the baseline method does not take
into account interaction between resources in the
case of new or changed resources, the modification
of activities, and the consequent spill-over effects
that may be caused by technological change.
Experience has shown that the use of a new
resource (capacity) can affect other resources. For
example, using a new device can affect lead time
and information flow, thus capacity utilization. In
addition, the use of a new capacity may justify
additional new activities, requiring new resources
(Bodar, et al., 2020; Basto, et al., 2019).

Some studies that focus on technology change
do not take into account the spill-over effects of
technology change, nor do they address how
technology change alters the resource or capacity
requirements of activities not directly affected.
Other studies (Kukreja, et al., 2021) suggest that
the technological modification of one activity in
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the care process affects the nature and/or timing,
and therefore the cost, of further activities.

Examining the cost management effectiveness
of  telemedicine-supported care  processes
compared to traditional care processes is a current
and increasingly studied question (Garoon, et al.,
2018; Bauer et al., 2020; Parikh et al., 2020;
Rodrigues et al., 2021 ). Researchers have used the
TDABC method to examine changes in activities
and their cost implications to compare
telemedicine and the telehealth process to face-to-
face healthcare protocols. However, changes in
resources and interactions between new
technology and resources have not yet been
examined.

2. Method

The original aim of our research was to study the
managerial point of view regarding organizational
change Dby detecting business interactions
occurring during technological adaptations in
healthcare organizations. To capture the
managerial point of view related to business
interactions impacting value creation in healthcare
delivery processes, we applied the research
dimensions of the TDABC framework in our
research design. Along the TDABC dimensions,
changes in business interactions in organizational
processes can be well explored, as managers
encounter changes in value creation brought about
by technological changes primarily through cost
and resource management.

However, during our initial data collection, we
observed that technological change caused changes
in various steps and resources in the healthcare
process at numerous points, seemingly without
pattern. Some protocols were radically changed,
while for others only a single change could be
identified. Following this initial experience, we
modified our research objective to focus on the
impact of technological changes on resource
composition and the intensity of resource use in
healthcare delivery processes.

Among our other analyses (Déra, et al., 2022),
the present study seeks to identify what patterns are
identified with the impact of technological change
on resource sets that are used, and the intensity of
use. Based on our literature review, and, as
previously emphasized, there is a research gap in
this area. TDABC methodology suggests
calculating capacity cost rates and estimating the
intensity of use when a new resource is
implemented into a process (Kaplan & Anderson,
2004). However, if spillover effects of the change
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are assumed, the need to re-model the whole
process arises (Ostrenga, et al., 1992). However,
the TDABC method does not help specify the
extent to which remodeling of the healthcare
delivery process might be justified (Basto et al.,
2019; Bodar et al., 2020; Kukreja et al., 2021). The
central question of our research is thus how to
identify the extent of change(s) in resources caused
by a modification in technology. How can the
extent of this change be identified and modeled?

We adopted a process perspective — an
approach quite often applied in parallel with
gualitative case studies (Langley, 1999; Van de
Ven & Huber, 1990; Bizzi & Langley, 2012).
Although there are different interpretations of
processes in the literature (Van de Ven, 1992), our
starting point was Pettigrew's (1997) definition of
a process as a series of individual or collective
events, actions, or activities that take shape over
time in a given context. We analyzed and compared
healthcare protocols as processes implemented
through different technologies (face-to-face and
telemedicine) that served the same healthcare
delivery process goal. The methodological
application of a case study with a process
perspective (Langley, 1999; Pettigrew, 1997) is
appropriate for comparing healthcare protocols
implemented in  parallel using different
technologies and identifying distinctive patterns in
the former.

In line with the above-mentioned
methodological approaches, we systematically
analyzed five patient routes implemented through
face-to-face  medicine and  telemedicine
technologies. They include diagnosis and therapy
assessment of ear, nose and throat diseases (Case
ENT), application of peritoneal dialysis (Case
DIAL), risk reduction for patients with metabolic
syndrome (Case METSY), strengthening daily
physical activity in patients with peripheral artery
disease (Case PERIPHART), and monitoring of
patients with heart failure (Case CARDIO).

The study was conducted at the University of
Szeged, Albert Szent-Gyorgyi Medical and
Pharmaceutical Centre between October 1, 2020
and June 30, 2021. The cases had business-to-
business-to-customer characteristics. From a
healthcare delivery process perspective, value was
created as a result of the interaction between four
types of actors associated with the studied
protocols. The former were the patients and the
clinical departments involved in patient care. Also
involved were the actors who provided the IT
infrastructure  for patient care (T-Systems
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Magyarorszag Zrt., related to e-MedSolution -
MedSol, and the National Healthcare Service
Center in connection with the National eHealth
Infrastructure) and, in the case of telemedicine
protocols, the operator of the system that provides
the IT infrastructure for patient care. The observed
processes were analyzed according to the TDABC
framework commonly used to study healthcare
delivery process changes. The TDABC framework
was well suited to the study objective, as the
approach requires detailed exploration of the
service process, detailed identification of the
resources and capacities involved in the service,
and an estimation of the intensity of use (utilization
time) of resources (Kaplan & Anderson, 2004).
Although the healthcare adaptation of the TDABC
method is specific at some points, the mapping of
processes, the identification of the resources
involved, and the estimation of required capacity
times remain central steps (Kaplan & Porter 2011;
Kaplan et al., 2014; Keel et al., 2017; Etges et al.,
2019). Accordingly, the TDABC framework was
appropriate for our investigation as it does not
require an analysis of the unit costs of resources
(direct and indirect) or the total costs of processes.

The research was carried out in three steps.
First, process maps of the observed protocols
(those implemented with face-to-face and
telemedicine technology) were compiled using
document analysis. This included the baseline
recording of the activities associated with a given
healthcare protocol carried out through face-to-
face and telemedicine technology simultaneously
in accordance with the TDABC methodology.
Subsequently, we examined the resources involved
for each activity associated with both of the
technologies, distinguishing between human and
other tangible and intangible resources. When
considering human resources (H), we distinguished
between patients involved in the process and
medical (H1), nursing (H2), auxiliary (H3), and
managerial staff (H4) (Ley, 1991; Byrnes &
Valdmanis, 1993; Lopez-Valcarcel & Perez, 1996;
Maniadakis & Thanassoulis, 2000; Farmer, et al.,
2014). In terms of the additional resources directly
used for the activities, we distinguished three
types: raw materials (inputs) (A1-A4), medical
equipment/tools and facilities (F1-F6), and input
and output information (1 / O) (input and output
data transmitted through input and output
information systems).

Second, we conducted in-depth interviews with
senior specialists responsible for the observed
healthcare delivery processes in order to confirm
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and refine the data collected in the first step. In
addition, based on the TDABC methodology, a
financial controller responsible for the observed
protocols and a program manager responsible for
the pilot program were involved in the evaluation
and refinement of the data. With this step, the aim
was to gather additional information about the
experience of introducing new technology and
changes in activities and resources.

Third, the content of the interviews was coded
for transparency and comparability to identify
systematic patterns. This method of data
processing allowed us to identify, besides the
(initial) activities in face-to-face patient care, the
number of actors (H), facilities (F), raw materials
(A), input (1) and output (O) information (data and
information systems) and the intensity of resource
use for each activity. This latter information is
indicated by the time needed to complete a given
activity. Here, based on Kaplan et al. (2014), we
assumed that inputs are used in line with a given
activity, and additional resources are consumed
over the entire duration of the latter. The focus was
on the change in activities and resource quantities
and the change in intensity of use that occurred in
parallel with the change in technology. Changes
identified in a given protocol are highlighted in
different shades of gray (see Table 1-5). If a new
activity, new actor, new resource Or new
information has been added to the protocol, it is
marked in light gray. If the change occurred in the
opposite direction, i.e. the number of activities,
actors, resources, information or time used
decreased, these changes were highlighted in dark
gray.

The processing of the data, as described above,
facilitates the analysis of the quantitative and
qualitative changes in the structure of each
healthcare delivery process and the types of
resources used as a result of changes in technology.
In the following chapter, we summarize our
findings regarding the case studies and illustrate
the results using the analytical framework applied
in the third step.

3. Results

3.1 Diagnosis and therapy of ear, nose and
throat diseases (Case ENT)

The telemedicine support of the healthcare delivery
process for diagnosing and treating ear, nose and
throat diseases includes the introduction of
otoscopic imaging and the installation of
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telemedicine software for transmitting and
analyzing clinical data (Table 1).

In the original face-to-face healthcare process,
a patient meets a specialist and an administrator in
the outpatient room after checking in at the
outpatient clinic (Act. 1) and is waiting for a short
time in the waiting room (Act. 2). The entire
healthcare process takes place in the outpatient
clinic with the participation of these three actors. In
the course of the treatment, using the computer
software available in the outpatient room, a
specialist first records patient's medical history
with the assistance of an administrator while
interacting with a patient (Act. 3). Then, with the
help of specialized equipment available in the
outpatient department, a specialist makes a
diagnosis (Act. 4), on the basis of which an ICD
(International Statistical Classification of Diseases
and Related Health Problem) code is determined
(Act. 5). Last, a suggestion for therapy (Act. 6) is
proposed by a specialist.

Developers have transformed the activities of
the healthcare delivery process by introducing and
implementing two new resources (an otoscope and
telemedicine software) into the telemedicine
healthcare process. Following check-in at the
outpatient clinic (Act. 1) and waiting in the waiting
room (Act. 2), the process of care has been
modified. First, the possibility of a patient
participating in the telemedicine protocol is
examined (Act. 3.1) and a patient is informed about
the characteristics of the telemedicine protocol
(Act. 3.2). Then comes the identification of
patients in the telemedicine system (Act. 3.3) and
the recording of their medical history (Act. 3.4).
The steps in the telemedicine healthcare delivery
process reflect the initial intended change. An
otoscopic image is taken of a patient (Act. 4.1),
which is evaluated and diagnosed remotely by an
ENT specialist (Act. 4.2). As in the case of the
face-to-face protocol, the telemedicine healthcare
process is also concluded by a specialist choosing
an ICD code (Act. 5) and proposing a therapy
based on the diagnosis and the latter code (Act. 6).

While the role and use of administrative staff,
materials and equipment, and infrastructure remain
unchanged during the first two activities, radical
changes are observed from the third activity
onwards. In the case of the telemedicine protocol,
during the latter the number of medical staff who
are involved changes (the presence of a general
practitioner is sufficient, instead of a specialist), as
does the extent of equipment use (no examination
chairs and examination desks are used). The sets of
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data generated by the third activity and the
information systems they are coded into also
change. New data emerge related to the patient's
willingness to undergo treatment and the
identification of the patient in the telemedicine
system, and the telemedicine system itself qualifies
as a new information system. Changes in the fourth
activity also extend beyond changes in activities;
first, the set of human resources that is involved
changes radically. A general practitioner replaces a
specialist when preparing for admission, while the
supporting role of an assistant in the assessment of
the otoscopic images is eliminated. In terms of
equipment, some of the equipment formerly
deployed in the outpatient room (outpatient room
facilities, basic ear, nose and throat tray set) is no
longer required under the telemedicine protocol. In
contrast, new equipment (otoscopic camera,
computer used for analysis) is introduced.
Likewise, the role of disposable equipment for
examination is no longer relevant due to the use of
recording and analysis by the otoscope; moreover,
the outpatient room is not used during the
diagnosis. However, the medical room emerges as
a new resource compared to the face-to-face
protocol. In the case of the former, the video file
shared by the telemedicine system and the
diagnosis shared within the telemedicine system
are identified as additional data. During the final
(fifth and sixth) activities of the protocol, although
the activities did not change in principle, the
resources that were used did. The supporting role
of the assistant disappeared, but the online IT
equipment used by the specialist emerges as an
additional necessary resource. For these activities,
the role of the equipment used in the outpatient
room (examination chair, examination table) and
disposable equipment (paper, pen, mask) is
eliminated, as the location, where the activities are
undertaken, changes (in the medical room instead
of the outpatient room). For the final activities,
there is no change in the required or generated
datasets, but the telemedicine system emerges as a
new data information system, in addition to the
traditionally used healthcare information system.
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Table 1 Changes in the protocol ‘Diagnosis and therapy of
ear, nose and throat diseases’ due to technological change
F2 | F5

[Activities 1

[Time [ s T eof 15 | 5 3] 5 ]

Data | | [ o Ji/ol o] [1/0] ] [ 1
Inf. system | I [ o li/oli/ofi/oli/ol o Ti/o]i/o]
Source: authors’ compilation

Analysis of the processes shows that changes in
the protocol were not only made where activities
were modified as a result of technology change
(Act. 5, Act. 6). However, it may be noted that
when there were changes in activities and/or
resources and/or the intensity of resource use, there
were always changes in the data and/or the
information system that was used. In this case, two
patterns of change were identified: (1) change in
activities undertaken, the set of resources used, and
the intensity of resource use. All this occurred in
parallel with the use of new data and the
application of a new information system (Act. 3
and Act. 4). (2) Only the set of resources and their
intensity of use changed, in parallel with the
application of a new information system, but no
change was identified in activities carried out or
data used (Act. 5, Act. 6).

3.2 Risk reduction for patients with
metabolic syndrome (Case METSY)

In order to support the care of patients with
metabolic  syndrome, the development of
telemedicine — as originally intended — focused on
the use of a telemedicine system and smart devices
that can track patients' lifestyles and health data
(Table 2).

A nurse and a patient initiate the face-to-face
healthcare  delivery  process (after  prior
appointment). First, patient admission (Act. 1) is
carried out in the outpatient clinic (with the help of
IT tools and other equipment). Then, with the
assistance of the specialist doctor, the nurse, and
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the patient, the patient's medications and
nutritional  supplements (Act. 2), physical
parameters (weight, height, blood pressure, etc.)
(Act. 3) are recorded using the computer and
medical equipment in the outpatient room. In
addition to the above, the specialist conducts
various tests (ECG, i.e. echocardiography) to
define the patient’s health status (Act. 4). In the
next step, the specialist derives further parameters
that describe the patient's condition (creation of
derived data, calculation of BMI, calculation of
THR) (Acts. 5-7). After verifying eligibility to
continue with the protocol (Act. 8), during a three-
week hospital stay, the patient is informed on the
therapy to be followed with the assistance of a
specialist (Act. 9), a dietician (Act. 10), and a
physiotherapist (Act. 11). During the hospital stay
(Act. 12), the patient obtains access to the
necessary materials, hospital facilities, and
supervision by a nurse, a head nurse, a specialist,
and a chief physician. Finally, the patient continues
the therapy at home (Act. 13) for 90 days, in
accordance with the recommendations, recording
their diet, heart rate, weight, and blood pressure
(using a monitoring watch, body weight scale, and
sphygmomanometer) on a daily basis using a
report sheet. The procedure ends with a final
control examination after 90 days, when the initial
examination is repeated (Act. 14-19).

Due to telemedicine development, the use of six
new resources (telemedicine software, smart
weight scale, smart monitoring watch, smart blood
pressure monitor, data transmission unit, and
smartphone) are identified. The introduction of the
telemedicine technology led to minor and major
changes in six activities. The initial examination
resulted in the assessment of the patient's eligibility
for the telemedicine protocol (Act. 8.1), followed
by informing the patient of the telemedicine
protocol and registering the patient’s information
and consent (Act. 8.2). Although the set or use of
resources did not change with the modification of
this activity, new data (consent form, patient
identified in the telemedicine system) were coded
into a new information system in the telemedicine
software.

Likewise, without any change in the resources
used (due to the training on the use of different
tools), the training of patients for therapy (Act. 9-
12) was modified; moreover, its duration (thus the
intensity of resource use) was reduced to five days.
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Table 2 Changes in the protocol ‘Risk reduction for patients with metabolic syndrome’ due to technology change
A4 A4

A4
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The necessary information was (also) recorded
in the telemedicine system, along with the (new)
data on participation in training. However, the
patients home therapy has been radically
transformed, with the patient using smart devices
(smart monitoring watch, smart weight scale, smart
blood pressure monitor, data transmission unit,
smartphone) instead of traditional devices, and
data are immediately recorded in the database of
the telemedicine system (Act. 13.1). New activities
naturally occur due to the changes above. The
recorded data are analyzed by a dietician and a
physiotherapist on a weekly basis (Act. 13.2), and,
based on their assessment, a specialist assistant
carries out consultations by telephone/online with
patients, also on a weekly basis. Based on the
results of the analysis and the weekly
consultations, a specialist physician consults with
the patient if necessary, potentially through
telephone or online support (Act. 13.3). In this
case, the new activities require additional office
infrastructure (dietician's room, physiotherapist's
room, medical room, and nurses’ station),
equipment (desk, chair, computer, monitor, and
printer), consumables (paper, pen, suitable clothes)
and an additional time commitment of specific
resources. Regarding the check-up examinations,
the activities, the resources used and the intensity
of use of the latter do not change; only the input
information system for the data originating from
the tests that use medical devices (Acts 14 - 16)
changed: details are recorded in the telemedicine
system.

The modification of the protocol, as in the
previous cases, involves a very wide range of
changes, but it is worth emphasizing that the

Source: authors’ compilation

changes in the set and/or intensity of the resources
used as a result of the technology change were not
always accompanied by changes in the activities
(e.g., Act. 8, Acts. 9-11). However, the changes
were accompanied by the use of new data and/or
new information systems during the related
activities.

Five patterns of change were identified during
the processing of the present case: (1) Changes
during an activity that were not accompanied by
changes in the set of resources or the intensity of
their use. However, the changes in activity were
accompanied by changes in the data set and the
information system used (Act. 8). (2) The activity
did not change, but the intensity of resource use
involved in carrying out the activity changed, while
the set of resources remained unchanged, and the
set of data generated related to undertaking the
activity and the information system that was used
changed (Act. 9). (3) The activity did not change
but the intensity of use of the resources did, while
the set of resources remained unchanged. Only the
information system used during the activity
changed, while the data that was generated
remained unchanged (Act. 10; Act. 11; Act. 12).
(4) Both the activity and the set of used resources
changed, as well as the intensity of their use. The
change also generated data not previously used in
this activity and used a new information system
(Act. 13). (5) Neither the activities that were
undertaken, the set of related resources, nor the
intensity of use of resources changed. No changes
were made to data generated during the activity,
but a new information system was used in addition
to that which existed (Actions 14-16).

STRATEGIC MANAGEMENT, Vol. xx (20xx), No. xx, pp. 0xx-0xx



Vilmanyi et al.

3.3 Monitoring patients with heart failure
(Case CARDIO)

As in the previous cases, the healthcare process
related to monitoring patients with heart failure
was carried out by integrating and utilizing smart
devices based on the development of telemedicine
technology. With the introduction of the new
technology, a smart blood pressure monitor, a
smart body weight scale, and telemedicine
software for data transmission, data storage and
data access were conceptualized as new devices.

In this case (Table 3), the care process starts
with identification and registration (Act. 1) in a
dedicated outpatient department. Then, after a
short wait in the waiting room (Act. 2) at the ECG
outpatient department, the ECG examination of the
patient is undertaken (Act. 3) with the assistance of
an ECG assistant and the appropriate IT/medical
infrastructure and equipment. After the ECG
examination and another short waiting period in
the waiting room, 30% of patients undergo an
echocardiogram  scan (Act. 5). The
echocardiogram is undertaken in a specific
examination room by a cardiologist and a
cardiology assistant with specific infrastructure,
medical instruments, and IT equipment. After
another waiting period, patients meet their
cardiologist and their assistant. Again, interaction
between the actors takes place in a dedicated
examination room equipped with the necessary
medical and IT infrastructure and specific
equipment needed for the examination. During the
examination, the patient's demographic data (Act.
7) and medical history (Act. 8) are recorded,
followed by a physical examination (Act. 9),
checking of vital signs (Act. 10), and an assessment
of currently used medications (Act. 11). The
examination also includes an evaluation of the
ECG (Act. 12) and the echocardiogram results
(Act. 13), and the patient's questioning (Act. 14) to
help avoid adverse effects and/or events. The
examination concludes with an agreement on the
patient's home treatment prescription and the
writing of a prescription (Act. 15). Depending on
the examination results, one in five patients must
have a blood test after another waiting room visit
(Act. 17). Following the traditional healthcare
delivery process, after three to six months of home
treatment and follow-ups (Act. 19), the patient
undergoes further control examinations (Act. 20-
33), as described above. This results in discussion
with the patient about the treatment outcome, other
treatment options, and anything further that needs
to be done (Act. 34).
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The introduction of telemedicine technology
has changed the face-to-face healthcare delivery
process in two ways. First, during the identification
of patients, it is necessary to check exclusion
criteria and inform a patient and answer the
patient's questions (Act. 7.1; 7.2). Another change
results from the need to educate patients on the use
of smart devices prior to self-monitoring at home
(Act. 19.1). Other changes include the
implementation of digital data collection and
summarization (Act. 19.2) and the systematic
analysis of digitally available data (Act. 19.3).

Changes in these activities were accompanied
by changes in resources, data, and information
systems used. For example, establishing exclusion
criteria and the task of informing a patient no
longer require the presence of consumables (paper
towels). In the case of the seventh activity (Act. 7),
the commitment of additional human resources,
tools, and facilities is prolonged due to the
observed changes. On the other hand, the start of
the same activities requires recording the exclusion
criteria data and the consent form for treatment as
new data in line with the telemedicine protocol.
Although these are still coded in the traditional way
(on paper and in the existing healthcare
information system), this allows the actors to use
an additional data element (the identification of
patients) in the telemedicine system. Patient
education requires the presence of an additional
human resource (cardiology specialist), the use of
consumables (mask), and office infrastructure
(examination room, rack, table, chair, computer,
monitor, printer, telephone) necessary for their
work, as well as smart devices (smart weight scale,
smart blood pressure monitor, data transmission
unit) necessary for training the patient and home
treatment.

Calculating the measured data also requires the
use of smart devices (smart weight scale, smart
blood pressure monitor, data transmission unit), the
patient's home, and the availability of the necessary
consumables (paper, pen). The data analysis
requires a cardiology assistant, office infrastructure
(nursing station, desk, chair, computer, monitor,
and printer), and office consumables (paper, pen,
mask). As for changes in information, the
application of the telemedicine system was
identified as a new information system for the latter
activities, in which the instructions for home
therapy and the measured data describing the
patient's condition are recorded.
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Table 3 Changes in the protocol ‘Monitoring patients with heart failure’ due to technological change
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The necessary information was (also) recorded.

In the last observed case, telemedicine
technology led to changes in two activities. For
both activities, the set of tasks to be undertaken, the
resources used to carry out these tasks, and the
intensity of their use changed. In parallel, the data
generated by both activities and the number of
information systems that are used also changed.
However, in the present case, only this
abovementioned pattern of change could be
observed.

3.4 Application of peritoneal dialysis
(Case DIAL)

Telemedicine support for the healthcare delivery
process related to peritoneal dialysis included
installing telemedicine software and smart devices
capable of monitoring the characteristics of
patients' dialysis at home.

In this case (Table 4), the patient route in the
context of traditional medicine is carried out in
such a way that apatient, already surgically
prepared for peritoneal dialysis, is admitted by a
nurse to a nursing room at the dialysis center,
where a patient is identified with the help of IT
tools (Act. 1). Patient is then seen by a specialist in
an examination room, who uses the examination
room equipment and IT equipment to record the
patient's demographic data (Act. 2) and medical
history (Act. 3), then examines the patient's
physical characteristics (Act. 4), vital signs (Act.
5), dialysis-related data (Act. 6), and currently used
medication (Act. 7). After the home dialysis
parameters have been established, a patient is
educated by a nephrology nurse on how to perform
dialysis at home (Act. 8). Patient then continues the

Source: authors’ compilation

daily dialysis routine at home (Act. 9). Patients use
their own facilities, kitchen scale, bodyweight
scale, and blood pressure monitor. Finally, patients
record their results on a report sheet provided by
the clinic. The above-described visit to the dialysis
center is repeated monthly, where — after patients
are admitted — a specialist checks their dialysis data
and, if necessary, adjusts the dialysis parameters
(Act. 10-15).

The adaptation of telemedicine technology is
conceptualized by the developers as the integration
of four new resources (tablet, smart devices that
can be connected to a tablet such as kitchen scale,
body weight scale, blood pressure monitor, and
telemedicine software) into the healthcare delivery
process. This transforms three activities in the
process: the recording of demographic data (Act.
2), patient education (Act. 8), and the dialysis
routine at the patient's home (Act. 9). Prior to
recording demographic data, it is necessary to
verify the patient's eligibility for participation in
the telemedicine protocol (Act. 2.1) and to inform
patients and answer their questions about the care
process (Act. 2.2). During patient education,
training about the use of the telemedicine system
and smart devices was a modification compared to
the face-to-face patient route. The home dialysis
routine was changed by the use of smart devices
(Act. 9.1) and the regular clinical analysis of data
(Act. 9.2) and the introduction of interventions in
the case of unexpected adverse events (Act. 9.3)
was a new activity.

The new activities that emerged while
recording demographic data did not require
mobilizing additional resources, but they did
modify the deployment of existing resources.
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Furthermore, this activity resulted in new data
(patient consent form and identification in the
telemedicine system) and the use of a new
information system (telemedicine system). The
change in patient education shows a different
picture. Although the time required for the activity
did not change, new resources (smart kitchen scale,
body weight scale, blood pressure monitor) were
used. New data were not interpreted in this case,
but pre-existing input and output data were
recorded in the telemedicine system. Finally, the
modification of home dialysis involved a change in
the resources (traditional devices were replaced by
smart devices), and the analysis of the data required
the presence of a nephrology nurse with an office
and IT infrastructure. In the case of unexpected
adverse events, the intervention required an
additional resource; the presence of a specialist
physician with an outpatient room and disposable
materials (paper, pen, appropriate clothes, paper
towels) necessary for an examination. These last
two activities require more time than the traditional
protocol. In the case of a change in home dialysis,
the therapeutic suggestion of a change in therapy is
a new data element; furthermore, data already
present in the traditional protocol (data on blood
pressure and body weight) are also included in the
telemedicine system.

This case confirms that in the case of
technology change not only do resources change in
line with the modified activities, but in some cases
the change in technology can result in a change in
the set of resources or the intensity of their use
without changing the activity itself (e.g., Act. 8). In
the present case, however, it is identified that
changes in the set of resources and/or the intensity
of their use and/or the activities carried out are
accompanied by changes in the data and/or
information systems used during the related
activity.

Four patterns of change could be observed in
the peritoneal dialysis protocol supported by
telemedicine technology: (1) Changes in the
activities undertaken and the intensity of use of
resources without changes in the set of resources.
In this case, the information system and data used
during the activity changed (Act. 2). (2) The
activities, the set of resources, and the intensity of
resource use changed with no change in the
information systems and data used (Act. 9). (3)
Only the set of resources changed, with no change
in the activities used or resource-use intensity. The
data employed here remained unchanged while a
new information system was introduced (Act. 8).
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(4) Neither the activities, the set of resources used,
nor the intensity of the resources that were used
changed; only the information system used during
the related activities was supplemented with a new
information system — the telemedicine software
(Act. 13).

Table 4 Changes in the protocol ‘Application of peritoneal
dialysis’ due to technological change
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3.5 Increasing daily physical activity in
patients with peripheral artery disease (Case
PERIPHART)

For the treatment of patients with peripheral artery
disease, the development of telemedicine
technology also led to monitoring patients’ activity
at home using telemedicine software and smart
devices. In this case, smart devices and
telemedicine software were defined as new
resources that support the home-based physical
exercise of patients that are able to measure and
transmit the results of physical exercise.

The process of patient care in the framework of
traditional medicine starts in the outpatient
department (Table 4), where a specialist assistant
identifies and registers a patient through a referral
(Act. 1). After checking the patient's eligibility for
treatment (Act. 2), a specialist (with the help of a
specialist assistant) informs a patient about the
nature of the treatment and answers any questions
that may arise (Act. 3). Then, with the assistance of
the same actors and the help of the outpatient
department infrastructure, 1T, and medical
equipment, the patient's initial assessment is
carried out, involving recording demographic data
(Act. 4), medical history (Act. 5), vital signs (Act.
6), and currently used medication (Act. 7). The
examination includes a physical examination of a
patient: first, a functional examination (Act. 8) is



Vilmanyi et al.

undertaken, then one of objective walking distance
(Act. 9), and the Ankle Brachial Index (Act. 10) is
calculated. The initial examination concludes with
a summary of the therapy and consultation with a
patient (Actions 11-12). Patient then regularly
carries out the therapy-recommended physical
exercises at home, using equipment, and records
the results on a report sheet (Act. 13). After three
and six months, a patient is examined again in the
same way as at the initial examination, and a
physiotherapist participates in the examination
alongside the original practitioners (Act. 15-20).
The follow-up examinations lead to agreement
with a patient regarding the continuation of the
therapy and what further actions should be taken
(Act 21).

Telemedicine technology development resulted in
use of a smart scale, a smart blood pressure
monitor, a smartwatch, a stair climber, a
transceiver, and telemedicine software to support
the patient's home mobility, causing changes in
four activities in the protocol. First, the activity
related to informing a patient (Act. 3) was modified
(the focus changed to explaining the telemedicine
protocol). Further, the therapy suggestion was
(also) recorded in the telemedicine system (Act.
12). Third, the parameters of the patients' home
exercise (Act. 13) were routinely recorded and
transmitted by the smart devices (Act. 13.1) and
then analyzed and reported back to patients by a
cardiology nurse (Act. 13.2). Finally, modification
is recognized in the need to identify patients in the
telemedicine system for further checks; moreover,
their activity-related data becomes available (Act.
15).

Due to the changes in technology, changes in
resources and information occurred in parallel with
changes in activities. In fact, the change in the
information provided to patients involved the
introduction of new input data (meeting selection
criteria) and a new information system (patient
identification in the telemedicine system), which
was accompanied by the completion of a consent
form by a patient. In fact, recording the therapeutic
suggestion in the telemedicine system also
involved the introduction (and use) of the
telemedicine system. Furthermore, changing the
patients' physical exercise routine at home required
smart devices (smart weight scale, smart blood
pressure monitor, data transmission unit, stair
machine, smartwatch). Furthermore, the data
analysis required the additional workload of a
cardiology nurse in the analysis, as well as the use
of office and IT infrastructure (nursing station,
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desk, chair, computer, monitor, printer, telephone)
and consumables (paper, pen, appropriate clothes).
Finally, a new data element (patient identification)
and the telemedicine system were resources
additionally required for the checkups.

Table 5 Changes in the protocol ‘Risk reduction for
patients with metabolic syndrome’ due to technology
change
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The analyses show that, two activities changed
due to the use of telemedicine technology (Act. 3
and Act. 13), while the change in activities was
accompanied by a change in resources in only one
case. Three patterns of change that occurred during
the case could be identified. (1) Change in an
activity that did not cause a change in either the set
of resources or the intensity of their use, but
resulted in new data coded into a new information
system (Act. 3). (2) The set of activities and
resources and the intensity of their use changed.
The set of data that was generated and the scope of
the information systems used also changed (Act.
13). (3) Neither the activities, the set of resources,
nor their intensity of use changed. No change could
be detected in the set of data reported, but there was
a change in the information system used (Act. 12;
Act. 15).

Conclusion

Our research confirms the findings of Basto et al.
(2019) and Déra and Szalkai (2020) that changes
related to activities, resources, and information
pathways are intertwined in healthcare processes.
Our analysis further demonstrates, in line with the
findings of Middleton et al. (2020) and Zanotto et
al. (2020), that the digital platform that is used and
the way information is managed define the
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characteristics of both patient care activities and
resources used.

On the other hand, the results confirm the
correlations identified in previous studies of
resource interaction. According to the latter,
technology is considered more as an interface than
a resource, where changes in interfaces (namely,
interconnections between resources) inevitably
induce  changes in  activities, resource
constellations, or the intensity of resource use
(Baraldi et al., 2012; Prenkert et al., 2019).
However, our findings go beyond these
observations and show that technological change
can be captured through changes in information
systems and the data that is used when digital
technologies (telemedicine, telehealth
applications) are introduced or modified. Changes
in information systems and such data indicate
changes in activities, resource constellations, and
resource-use intensity.

In some cases the technological change
concerned the configuration and exploitation of
digital technology in specific healthcare protocols,
where the introduction of the new technology led
to numerous spill-over effects. These findings are
consistent with both the general experience of
interpreting the effects of technological change
(Hakansson et al., 2009; Hu et al., 2002) and
observations about telemedicine and telehealth
developments (Parikh et al., 2020; Portney et al.,
2020; Bauer et al., 2020; Middleton et al., 2020;
Rodrigues et al., 2021).

In the cases that were studied, the observed
changes in resources as a result of technological
change seemed to occur without any apparent
pattern. In some cases, the new technology
generated new/changed activities, new/changed
resource sets, and — in parallel — a change in the
intensity of resource use. In other cases, only the
resources involved in the activities and the
intensity of resource use changed, while the
activities that were carried out remained
unchanged. Last, we also identified a few cases in
which only the activities undertaken, or the
resource set, or the intensity of resource use
changed. However, for all the cases examined, the
changes not only affected the activities for which
the new tools/resources were introduced, but there
were also spill-over effects. These took many
forms, which shows the nature and characteristics
of the changes (A) that occurred based on the
patterns of change summarized in the analysis of
each case study.
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We can see in all cases, the changes observed
as a result of technological change occurred in
parallel with changes in the data that was used and
the information systems employed. If there is a
change in the data that is used and the information
system at the same time, in all cases there are
changes in the observed characteristics; i.e. in the
activities to be carried out and/or in the resources
used and/or in the intensity of resource use. These
changes may be classified into four groups: all
three observed characteristics changed (activity,
resource composition, resource intensity) (Group
A); the activities and the intensity of resource use
changed (Group B); only the activities changed
(Group C); or only the intensity of resource use
changed (Group D).

It was also discovered that if the change in
technology only leads to a change in the
information system that is used (with no change in
the data used), in some cases there is a change in
the activities, the resources used, and/or the
intensity of resource use, while in other cases there
is no observed change. However, as the
information system changed, there were changes in
the resource set and the intensity of their use in the
ENT protocol (ENT 2). Moreover, changes only in
the resource set in the DIAL protocol (DIAL 3) and
changes only in the intensity of resource use in the
METSY protocol (METSY 3) were detected when
a change in the information system applied was
identified.

Finally, changes exclusively in the data being
used (without modification of the information
system) could not be identified. Furthermore, no
change could be identified when an adjustment was
made to activities and/or in the resource set and/or
the intensity of resource use without a change in
the data or information system.

In our research we sought to answer the
research question of how to identify the extent of
change in resources caused by a technological
change. Our investigation led us to the following
conclusion: we found that a technological change
transforms a business process, and hence value
creation itself, to the extent that its steps (activities)
use new information encoded in a changed
information system.

Our research focused on examining the
emergence of technology induced change and
identifying patterns of change in activities and
resources, and the intensity of resource use in
health service organizations. The research
produced a number of striking results. On the one
hand, our results confirm that in the case of
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telemedicine and telehealth applications, the
impact of technological change is not limited to the
process steps whereby new tools and equipment
are introduced. Instead, spillover effects with
apparently unpredictable patterns are generated,
which may be reflected in changes in the activities
undertaken during different process steps, resource
sets to be used, or the intensity of their use.

Our results also showed that, due to
technological change, changes in information
systems were likely to result, while simultaneous
changes in data used and information systems
together clearly predicted changes in activities,
resources, and the intensity of resource use in the
observed cases. In the case of changes due to
modifications of technology, we found no
examples of changes in activities, resources, or
resource use intensity without changes in data
and/or information systems.

Our research suggests that applying the
TDABC methodology can help trace such changes.
Furthermore, it suggests that TDABC
methodology should be complemented by
systematic monitoring of the information system
and data content, allowing greater localization and
analysis of the scope of changes in the case of
technological change. Our investigations suggest
that monitoring the data and information systems
used to track and implement activities can be used
as predictors of change.

The most significant limitation to generalizing
our findings is the research context itself. Our study
was conducted in the context of healthcare
protocols, where we were able to take into account
a number of specificities (such as the healthcare-
process-specific  context of the TDABC
methodology), and the specific circumstances and
sector-specific characteristics of the healthcare
sector limit the generalizability of our results. A
further limitation is the number of cases that were
observed and the research method itself. We
investigated the consequences of technological
change in the context of five healthcare protocols
within the framework of an organization using
case-study methodology. Although the number of
observations and the chosen research method
allowed us to make in-depth observations, they do
not permit us to make organization- and sector-
independent observations. This suggests the need
for further research, which can also lead to the
opportunity to investigate the effectiveness of
traditional and telemedicine-supported healthcare
delivery processes. Furthermore, it also seems
justified to test TDABC methodology and examine
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its potential added value based on the approach
described in this study.
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