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Uurimus digitaalsete tehnoloogiate voimekusest driprotsesse
parendada

Luhikokkuvote:

Maailm on jarjest enam muutumas digitaalseks. Aina olulisemaks on muutumas
digitaalsete tehnoloogiate kasutamine selleks, et edendada aritegevust. Ettevot-
ted on seetdttu huvitatud digitaliseerimisest, aga vdahe on uuritud seda, kuidas
digitaalsed tehnoloogiad saavad luua arilist vaartust. Selle teose eesmark on
taita lingad teadmuses ja heita valgust sellele, millised on digitaalsete tehno-
loogiate voimekused ning kuidas nad voimaldavad protsesse Uimber disainida.
Selleks, et leida ja anallilsida pariselu juhtumeid, viidi labi stiisteemne kirjan-
duse Ulevaatus. Leitud informatsiooni pohjal koostati nimekiri digitaalsete teh-
noloogiate voimekustest. Liites kokku voimekused ja ariprotsesside imberdisai-
nimise heuristilised meetmed jouti raamistikuni, mis selgitab kuidas digitaalsed
tehnoloogiad vdimaldavad ariprotsesse imber disainida.

Votmesonad:

Digitaalsed tehnoloogiad, digitaliseerimine, digimuutused, ariprotsesside juhti-
mine, protsesside parendamine, protsesside imberdisainimine

CERCS: P175 Informaatika, sisteemiteooria

Exploring How Digital Technologies Can Be Used to Improve
Business Processes

Abstract:

The world is becoming more and more digital. The use of digital technologies to
improve business operations is becoming increasingly important and companies
are interested in embarking on digital transformation journeys, but there is little
research on how digital technologies can be used to bring business value. This
paper aims to fill that gap and shed some light on what the capabilities of digital
technologies are and how they enable process redesign. A systematic literature
review is carried out to identify real-life use cases and extract information. This
information is used to derive a list of digital technology capabilities. A framework
is created by combining the capabilities with process redesign heuristics to ex-
plain how digital technologies enable business process redesign.

Keywords:

Digital technologies, digital transformation, digital innovation, BPM, process im-
provement, process redesign
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1. Introduction

The use of digital technologies to improve different aspects of a company has
become extensively hyped recently [7]. The use of digital technologies to im-
prove an organization’s business operation is often called “digital transfor-
mation”. Digital transformation is often used synonymously with the phrases
“digital innovation” and “digitalisation” and at the core of these efforts is busi-
ness process change. An organization can be thought of as a work system [10]
and business processes are at the core of it, as they define how work is done
[6]. Digitalization affects every aspect of the organization - value creation
model, value proposition model and customer interaction model [1]. In order to
enable business agility and optimize business performance, companies are ever
more interested in embarking on a digital transformation journey [5].

The paper focuses on a narrow aspect of digital transformation, namely the idea
of using digital technologies to redesign business processes.

There are many studies analysing digital transformation from different aspects,
such as how to teach business process change in the context of digital transfor-
mation [3], how to approach digitalization with business process management
(BPM) [2], what are the synergies between business process management and
digital innovation [4]. There are some attempts to list digital technologies
[1][15] and some attempts to capture technology capabilities [1][5][9][15].
Also, there are several frameworks that are used to guide business process re-
design, one of them being Heuristic Process Redesign [6]. Process redesign per-
formance can be measured by Devil’s Quadrangle [6].

However, there is no comprehensive framework that illustrates a cause-effect
relationship between digital technologies and their impact on business pro-
cesses. A comprehensive direct correlation would even be unfeasible, as there
exist many individual technologies. Technologies enable the user to achieve
something and therefore, many serve a similar purpose. This property of a tech-
nology to enable something is in this paper referred to as a digital technology
capability.

The thesis therefore aims to answer three research questions:

e RQ1: What digital technologies have been used to redesign busi-
ness processes?
e RQ2: What capabilities of digital technologies have enabled busi-
ness process redesign?
e RQ3: How can digital technologies enable business process rede-
sign?
To answer these questions, a systematic literature review was carried out to
identify 71 papers that include case studies which discuss how digital technolo-
gies have been used to redesign business processes. From these papers, it was
extracted:

1. The main implemented solution;

2. Which digital technologies enabled the creation of the main solution and
what were the other concurrent digital technologies;

3. How the main solution was technically implemented and how each digital
technology contributed;
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4. How the business processes were changed;

5. The impact of the implementation;

6. Which Devil’s Quadrangle performance effects best characterized the busi-
ness process changes;

7. Which Redesign Heuristics best characterized the business process
changes.

This extracted information was used to create a digital technology capability
framework. First, the list of digital capabilities was derived by analysing earlier
attempts for frameworks and combining them in a way, that they support infor-
mation extracted during the systematic literature review. This resulted in a list
of 16 digital technology capabilities with definitions and example technologies
from the identified literature.

These capabilities were then assigned to all the identified papers. The resulting
information was then used to assemble the final framework, which includes the
digital technology capabilities, the relevant process redesign heuristics, and ex-
amples from identified literature.

This framework can be a tool for business professionals to assist in carrying out
digital transformation. The framework will provide them a reference point to
start the digital transformation journey as it will enable them to explore the
capabilities of digital technologies and how each capability can be used to rede-
sign processes.

The framework could also theoretically be used as an input structure for the
development of an Al-based recommendation tool that helps companies make
better choices with digitalization.

The paper is structured as follows: section 2 contains background information
on important concepts from the perspective of the thesis, in section 3 an over-
view of related work is given, in section 4 the systematic literature review pro-
tocol, results and limitations of the data are discussed, in section 5 the frame-
work creation is discussed and the framework is presented, in section 6 the re-
sults are discussed and in section 7 the work is concluded. In Appendix 1, a list
of papers identified in the systematic literature review is presented.
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2. Background

This section explains some of the important concepts in the paper - business
processes and digital technologies. The first subsection covers business pro-
cesses, their management and business process redesign. The second subsec-
tion cover digital technologies and their capabilities.

2.1. Business processes, management, and redesign

An organization or a business can be thought of as a Work System [10], that at
the core has processes and activities, that use participants, information and
technologies to deliver products and services to customers. A work system is
affected the environment and the organizational infrastructure and strategies.

Business process management roughly falls into the value creation model in the
dimensions of digital transformation [1].

According to Dumas et al. [6] Business Process Management (BPM) is the disci-
pline of managing how work is done in an organization to make sure, that out-
comes of processes are consistent improvement and opportunities are taken ad-
vantage of. The improvement might refer to cutting costs, reducing time spent,
increasing quality, or adding flexibility to processes. A process is made up of
chains of events, activities, and decisions. Processes exist at every organization
and are usually defined by clear starting and end criteria, such as order-to-cash,
guote-to-order, procure-to-pay, issue-to-resolution and application-to-approval.
BPM is a continuous process and the major steps in a BPM lifecycle include iden-
tifying the process architecture and the overall picture, discovering as-is pro-
cesses, analysing any issues with the as-is process, identifying possible improve-
ment areas, implementing the to-be process and monitoring the performance of
improved processes.

Their book gives a comprehensive insight into the fundamentals of BPM. In the
book they give clarify the meaning of a business process, discuss how to identify
business context and process architecture, how to model processes, how to dis-
cover specific processes, how to analyse them both qualitatively and quantita-
tively, how to carry out the redesign of processes, explain what are process-
aware information systems, how to make process models executable, how to
monitor processes and how BPM should be treated as an enterprise capability.

The most relevant part to the thesis is the topic of business process redesign. It
is done to improve the performance of the process. The four previously men-
tioned parameters - time, cost, quality, flexibility - make up what is called the
Devil’'s Quadrangle and lie at the heart of every process redesign effort. An effort
to improve one aspect of the quadrangle might negatively affect another dimen-
sion. For example, automating a process might improve quality through stand-
ardisation and reduce the cost of manual execution, but lose flexibility as any
further small change or deviation to the process might require a new automation
effort.

Process redesign is a complex effort, but there are many related books, articles
and frameworks that provide valuable methods and guidelines. One of the thor-
oughly described approaches is Heuristic Process Redesign. It is a systematic
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consideration of principles, which based on different elements of business pro-
cesses, namely the internal or external customers of the process, the business
process operation view, the business process behaviour view, the organization
structure, the information involved, the technology involved and the external
environment. At the end of the book they bring out 29 different heuristics, which
are categorised based on these elements. 7 of them were identified to be ena-
bled by digital technologies:

1. Integral technology. It is defined as “Elevate physical constraints in a busi-
ness process by applying new technology”;

2. Automation. It is defined as “Consider automating activities”;

3. Control addition. It is defined as “"Check the completeness and correctness
of incoming materials and check the output before it is sent to customers”;

4. Interfacing. It is defined as “Consider a standardized interface with cus-
tomers and partners”;

5. Contact reduction. “"Reduce the number of contacts with customers and
third parties”;

6. Integration “Consider the integration with a business process of the cus-
tomer or a supplier”;

7. Buffering “Instead of requesting information from an external source,
buffer it and subscribe to updates”.

The goal of the thesis is to find and look at use cases where business processes
are redesigned using digital technologies and extract which Devil’s Quadrangle
parameters were improved and which redesign heuristics applied.

2.2. Digital technologies and their capabilities

Many papers talk about digital technologies and using them, but until recently,
there was not a good definition for digital technologies [9]. Some even say that
the phrases “digital technology” and “digital transformation” are just hype words
and build on concepts, that have been around for a long time [7]. Lipsmeier et
al. [9] take a general definition of technology and define digital technology as
“something that is made up of knowledge, skills and know-how for the creation,
processing, transmission and use of digital data as well systems and procedures
for practical implementation”. Simply put, digital technology is any technology,
that at its core has digital data. An important distinction is to be made between
a digital technology and an application of a digital technology. For example, vid-
eoconferencing or videotelephony is a digital technology, but an implemented
solution, like Zoom [93] or Skype [94], is an application. Also, to implement a
solution, other technologies are used as well. For example, to implement RFID,
a tag is needed to store the identity information, a reader is needed to read the
information and radio waves are used to transmit the information [26].

Digital technologies are hard to understand in real life use cases, as 2 important
aspects were observed during the effort to identify their effects on business pro-
cesses:

o Digital technologies are not a thing of itself and build up on other technol-
ogies and concepts. For example, in a case [19], where a digital twin was
implemented in a petrochemical factory to achieve the emergent property
of real-time overview and control of the manufacturing operations, it was
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made up of different technologies, like sensors, PIMS, MES, LIMS to cap-
ture data, industrial IoT to collect and transfer data over a network, a real-
time database and a historical database to store this information, different
analytical tools to process and clean the data, machine learning algorithms
to train models and extract knowledge from the data and a dashboard to
display this information to users and a DCS which uses the data and input
from operators to control the operations.

e Inreal life applications, digital technologies do not usually exist in isolation
and a positive business effect is achieved through the application of differ-
ent technologies. For example, to create an automatic control and real-
time monitoring system for humidity management of trucks in dam con-
struction [40], RFID was used to uniquely identify a watering truck, GPS
and GIS to locate the trucks and visualise them on a map, PDAs were used
to collect field data and provide warning information to engineers, GPRS
was used to communicate information in the field environment and infor-
mation was stored in a database and visualised in a monitoring PC via a
software app.

Digital data in digital technology can be treated as information in a Work System
and therefore it can be “used, created, captured, transmitted, stored, retrieved,
manipulated, updated, displayed, and/or deleted by processes and activities”
[10]. Based on what the digital technology does with the data, Lipsmeier et al.
[9], classify digital technologies into 4 categories: Creation - the technology
creates output data, Processing - the input and output data are different and
therefore are processed, Transfer — the input and output data are not changed,
but merely transferred, Application - the technology only takes input data and
therefore uses it for functional purposes. Furthermore, digital technologies can
be categorized based on where the data input is from and to what medium the
output is to — either human, physical, or digital. Also, if data is transformed by
the technology, then it can be transform based on time, meaning temporary
storing, location, meaning moving over physical distances, or state, meaning
new information is generated. The authors say that these make up the technol-
ogy characteristics of a digital technology.

What are digital technology capabilities? Capability is defined by Cambridge Dic-
tionary as “the ability to do something” [92]. Therefore, a digital technology
capability tries to answer the question - what does the technology enable the
user to do? Taking the example of the automatic control and real-time monitor-
ing system for humidity management of trucks in dam construction [40], RFID
enabled to automatically identify trucks, GPS enabled to track the location of
trucks, GIS enabled to virtually represent the trucks, PDA enabled mobility for
the engineers, GPRS enabled to connect components over a network and trans-
fer data, database enabled to store the information and a software app enabled
to visualise the information. For example, RFID could have been replaced with
QR codes as both enable Automatic Identification, PDA could have been replaced
with a smartphone as both enable Mobility and GPRS could have been replaced
with 4G as both enable Connectivity.

The aim of the thesis is to identify how these digital technology capabilities can
enable business process redesign.
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3. Related work

This section gives an overview of the state-of-the-art in the world of digital tech-
nologies and their relationship to business process management.

The most relevant paper found during the literature review of the state-of-the-
art is a conference paper entitled “Technology Impact Types for Digital Trans-
formation” [1]. What makes it important, is that it tries to answer similar re-
search questions as the thesis.

The paper provides a generic model, which helps understand the relationships
between the use of digital technologies and how they affect a company. The
outcome of the paper is threefold: it proposes a systematic categorization of
digital technologies, the impact types of digital transformation and a model
which combines the technologies, causes and impact types of digital transfor-
mation. The authors classify digital transformation into three dimensions - cus-
tomer interaction, value creation and value proposition.

To reach the result, they first carried out a literature review to understand the
state of the art. The main findings were that there are many proposed ways to
conceptualize digital transformation, but it is commonly referred to as a change
process that companies go through due to the emergence of new technologies.
They found that in research papers there is little knowledge on the potential
impact of digital transformation processes on companies. When analysing the
empirical contributions, they found that these are usually very context-specific
and only handle certain sectors. During the literature review the authors found
that there is not a general framework that handles digital transformation in a
comprehensive way and covers the causes, impacts and potentials of the digital
transformation process in a structured manner.

To understand how digital transformation affects a company, the study in [1]
uses a three-step approach. Digital technologies are systemised based on exist-
ing literature and structured in a hierarchical manner, then a case-study is con-
ducted on 75 companies and finally the impacts of digital transformation are
aggregated into more general impact types. The identified technology instances
were further aggregated to a “characteristic” level by using a morphological box
methodology. These characteristics somewhat resemble digital technology ca-
pabilities.

To gain an understanding of how these technologies can be used for digital trans-
formation, the authors carried out a concept-oriented case-study analysis. They
analysed 75 companies of different sizes and from different industries. As a re-
sult, they identified 60 different impacts and aggregated them into 10 impact
types.

The authors believe that future research could focus to further improve upon
their impact types or try to find correlations between the digital technologies
and the impact types.
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The paper “Approaching Digitalization with Business Process Management” [2]
touches upon the digitalization challenges of small and medium-sized enter-
prises, as they frequently fail to apply digital transformation at its full potential.
The authors seek answers to the questions "What are the requirements of digi-
talization journeys”, "How is BPM related to requirements and challenges of dig-
italization in SME-s?” and “"What capabilities do SME-s need to cope with the
requirements and how can BPM be used to increase the feasibility of digitaliza-
tion?”.

They conducted a systematic literature review, from which they collected 225
requirements that are related to digitalization, which they reduced to nine sum-
marizing concepts. They analysed whether BPM could address these require-
ments and concluded that it is a good starting point. They proposed a “Process
and Enterprise Maturity Model for Digitalized Organizations” framework which
could serve as a starting point for companies to approach digital transformation.
They found that the necessary capabilities needed to approach digitalization in-
clude digital strategy, digital awareness, mindset, and security. The authors also
claim that digital transformation remains an emerging topic and requires further
research.

The paper by A. Léffler and colleagues [3] tries to find an answer to the question
“how to teach business process change in the context of digital transformation?”
To carry out their research, they conducted a literature review and focus groups
with education experts from different fields. The main identified requirements to
carry out a simulation game to teach business process change consist of soft
skills, such as working together, making decisions and collaboration, but also
knowledge about business process management and knowledge about how to
implement a business process in an information system.

The authors mention that further research should develop detailed teaching sce-
narios.

The paper by A. Van Looy [4] analyses how organizations apply BPM to realize
Digital Innovation (DI) and which problems and obstacles companies face when
implementing BPM for DI. The author uses the phrase Digital Innovation synon-
ymously with Digital Transformation, by saying that DI is an innovation that
brings along business transformations and uses IT to accomplish that. Even
though the author examines different frameworks for Digital Innovation, the
common finding is that DI brings along transformations in business processes
and work environments.

To carry out the research the author conducted 19 interviews with industry ex-
perts related to BPM and DI. The experts were from different sectors and had
various experience in terms of seniority. The author analysed the most important
synergies between BPM and DI by combining generic critical success factors and
strategic dimensions. He observed that the approach of combining BPM and DI
is dependent on the profiles of the organization and the person carrying out the
task. The author also found that a common obstacle is that the business and the
IT are not usually well aligned.
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The paper entitled “The shape of Digital Transformation” [5] approaches the
digital transformation from a more generic viewpoint and tries to understand its
nature. The authors found that digital transformation is usually only viewed from
the aspect of technological innovation, but it affects all the parts of the organi-
zation. They discuss questions like what digital capabilities are affected by digi-
talization and how the process affects business models, operational processes
and user experience.

The authors conduct a systematic literature review and as result they find an-
swers to their initial questions:

1. Digital capabilities impacted by digital transformation are:
a. Digitization / dematerialization;
b. Internet technologies;
c. Analytics;
d. Mobility;
e. Social network;
f. Knowledge and skills.
2. Digitalization transforms business models in the areas of:
a. Extending market;
b. Focusing on customer value propositions;
c. Reshaping existing business model due to market imperatives.
3. Digitalization transforms operational processes in the areas of:
a. Supplier relationship;
b. Customer relationship;
c. Knowledge management;
d. Marketing;
e. Delivery;
f. Sales / Engagement.
4. Digitalization transforms user experience in the areas of:
a. Digital natives & user maturity;
b. Collaboration;
c. Interactions.

They found that the research on how digitalization impacts business models,
operation processes and user experience should be deepened.

The paper by Ahmad [12] discusses an approach for conducting PhD research.
The research questions and the aim of the study is similar to this paper. Their
research questions are "What is the state of the research regarding the link be-
tween BPM and IT/technologies?”, *"How do organizations adopt the best fitting
technologies for specific business processes, given the organization’s business
context?” and “"How can a decision tool be build and tested that selects the best
fitting technology/-ies for specific business processes, given an organization’s
business context? ™. Ahmad aims to identify process characteristics, technology
characteristics, environmental factors, organizational performance, best fitting
technology adoption, ambidextrous BPM Characteristics and 8 relationships be-
tween them. The goal of this thesis though, is to only research process and
technology characteristics and the relationship between.
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Mendling et al. [13] discuss about how digital innovation and business process
management have so far been researched by different communities and under
different assumption, but argue that it is possible to combine them. The authors
say try to examine their characteristics and how the different assumptions in
these practices could be converged. They say that processes, technologies, and
products are intertwined and therefore should be investigated together.

As a result of the state-of-the-art analysis, it was determined that currently there
is no comprehensive framework that describes a cause-effect relationship of dig-
ital technologies and their effect on business processes. The findings also indi-
cate that there is a need for it.

Pousttchi and colleagues [1] propose a framework for digital technologies and a
framework for impacts of digital transformation and call for further research to
investigate their correlations. The authors of [3] say that the main focus of
teaching business process change should be on how digital technologies affect
business processes of an enterprise. A key problem brought out in digitalization
by Van Looy [4] is business-IT alignment. Henriette and colleagues [5] say that
a research focused on digitalization impacts would be interesting, especially one
that considers IT aspects. Ahmad [12] is also aiming to research among other
things the relationship between process and technology characteristics.
Mendling et al. [13] argue that currently the research into digital innovation and
BPM is divergent but should be combined.
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4. Systematic literature review

This section gives an overview of the systematic literature review. The first sec-
tion describes the protocol for the Systematic Literature Review, capturing how
it was carried out. The second section provides an overview of the data captured
in Systematic Literature Review. The third section describes limitations of the
data extracted.

4.1. Protocol

The systematic literature review was conducted following the guidelines given
by Kitchenham et al. [14]. The literature review can be separated into 6 distinct
phases - planning of the study, initial search, scanning based on title and ab-
stract, analysing paper contents and extracting information, extracting capabil-
ities and finally, framework generation. The data extraction protocol is described

in Table 1.

Table 1. Data extraction protocol

Identifier Unique id of the paper Number Phase 2
Title Title of the paper Free text Phase 2
Source From which database the paper infor- 1 discrete value Phase 2
mation was exported
Start page Starting page of the article Number Phase 2
End page Ending page of the article Number Phase 2
Abstract Abstract of the paper Free text Phase 2
Page numbers  Number of pages in the article. Used to Number Phase 2
filter out papers that are 1-4 pages
long.
Relevance Defines how is the paper relevant. 0 OR 3 OR4 ORR Phase 3
Used to capture if matches IC3, IC4 or
is related work.
Result Defines if the final paper was valid, in- Valid OR Invalid OR Inac- Phase 4
valid, or inaccessible. cessible
Main Tech The main implemented solution 1 discrete value Phase 4
Other Techs Which digital technologies enabled the 1..15 discrete values semi- Phase 4
creation of the main solution and what comma separated
were the other concurrent digital tech-
nologies
Tech Descrip- How the main solution was technically Free text description Phase 4
tion implemented and how each digital
technology contributed
Process How were the business process Free text description Phase 4
Change changes discussed in the paper
Impact How was the impact of the implemen- Free text description Phase 4
tation discussed in the paper
Sector/indus- In which sector or industry was the use 1 discrete value Phase 4
try case from
Time Was the business process improved re- 0 OR 1 Phase 4
garding time
Quality Was the business process improvedre- 0 OR 1 Phase 4
garding quality
Flexibility Was the business process improved re- 0 OR 1 Phase 4
garding flexibility
Cost Was the business process improved re- 0 OR 1 Phase 4
garding cost
Heuristic Which Redesign Heuristics best charac- 1..7 discrete values semi- Phase 4

terized the business process changes

comma separated
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Capability Which digital technology capabilities 1..11 discrete values semi- Phase 5
were discussed in the papers comma separated

Phase 1 - Planning of the study

First part of the study included identifying state-of-the-art literature to under-
stand what has been done and which areas are not studied yet. The aim was to
find any papers that capture any interplay of digital technologies and business
process redesign. The state-of-the-art analysis concluded that there are some
papers that focus on the digital technologies and their general impact on busi-
ness, some papers investigate how digital transformation and BPM is related.
However, it was identified that there is no comprehensive framework that illus-
trates a cause-effect relationship between digital technologies and their impact
on business processes.

The thesis therefore aims to answer three research questions:

e RQ1: What digital technologies have been used to redesign busi-
ness processes?

e RQ2: What capabilities of digital technologies have enabled busi-
ness process redesign?

e RQ3: How can digital technologies enable business process rede-
sign?

To goal was to find papers that include digital technologies, capture process
redesign, and present a case study. The following search string was used to
identify the initial set of papers:

((digital AND technology) AND (process AND (improvement OR redesign OR
change OR optimization OR innovation OR disruption OR transformation))) AND
(case AND study)

To do get meaningful information from the papers, 4 exclusion criteria were
identified:
e EC1: Is the full-text version digitally accessible? (I)
EC2: Is the study in English? (I)
EC3: Is the study less than 5 pages? (E)
EC4: Is the study a duplicate? (E)
EC5: Is the older than 20117 (E)

The first 2 criteria are to ensure that the paper can be accessed and understood.
Papers that are open access or accessible via the University are considered ac-
cessible. Papers that are in any other language cannot be understood and are
therefore left out. Third criterium excludes papers that have less than 5 pages
as they most likely do not contain enough information for analysis. The fourth
criterium excludes any papers that were exact duplicates, as several digital li-
braries were used to compile the initial list and some papers are present in mul-
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tiple libraries. As the technology landscape is shifting fast, the digital technolo-
gies used before 2011 are not as relevant in carrying out digital transformation
today, and therefore the fifth criterium excludes these papers.

To understand if the papers are relevant to the research questions, 4 inclusion
criteria were identified:
e IC1: Does the paper include an actual case study?
e IC2: Does the paper include the use of digital technologies?
e IC3: Does the implementation of digital technologies transform the pro-
cesses in any way?
e IC4: Does the paper discuss how digital technologies was used to redesign
the processes?

The first inclusion criterium filters out papers that do not discuss any certain
case studies, because the goal is to find papers that discuss real life scenarios.
This leaves out for example theoretical frameworks that have not been tested in
practice.

The second inclusion criterium filters out papers that have not used digital tech-
nologies in a use case. This leaves out any technologies that do not have digital
data at its core, for example, electrical, mechanical, hydraulic technologies,
physical mechanisms, production techniques, management methods. It ensures
that RQ1 can be answered.

The third inclusion criterium filters out papers that have not used the digital
technology to transform a process. For example, a digital technology can be
used to change the qualities of a product, increase employee satisfaction, or
enable a new business strategy.

The fourth inclusion criterium filters out papers that have not discussed how the
digital technologies were used to redesign the process. For example, a paper
might say that they carried out digital transformation and achieved some busi-
ness value, but if the implementation of the technologies is not discussed, digital
technology capabilities cannot be extracted and linked to redesign heuristics.
The last 2 inclusion criteria ensure that RQ2 and RQ3 can be answered.

The initial papers were acquired from 3 different digital libraries — IEEE Xplore,
Scopus, and Web of Science.

Phase 2 - Initial search

The search started with extracting the papers from the digital libraries. For each
digital library, the search string had to optimised and if possible, exclusion cri-
teria were added to the initial search string.

Search string for Scopus was the following:

“TITLE-ABS-KEY ( ( ( digital AND technology ) AND ( process AND ( im-
provement OR redesign OR change OR optimization OR innovation OR
disruption OR transformation ) ) ) AND ( case AND study ) ) AND ( LIMIT-
TO ( LANGUAGE , "English" ) ) AND ( LIMIT-TO ( PUBYEAR , 2020 ) OR
LIMIT-TO ( PUBYEAR , 2019 ) OR LIMIT-TO ( PUBYEAR , 2018 ) OR LIMIT-
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TO ( PUBYEAR , 2017 ) OR LIMIT-TO ( PUBYEAR , 2016 ) OR LIMIT-TO (
PUBYEAR , 2015) OR LIMIT-TO ( PUBYEAR, 2014 ) OR LIMIT-TO ( PUBYEAR
, 2013 ) OR LIMIT-TO ( PUBYEAR, 2012 ) OR LIMIT-TO ( PUBYEAR, 2011

) )II
It resulted in 929 papers.

Search string for Web of Science was the following:

(TS=(((digital AND technology) AND (process AND (improvement OR redesign
OR change OR optimization OR innovation OR disruption OR transformation)))
AND (case AND study))) AND LANGUAGE: (English)

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH
Timespan=2011-2020

It resulted in 572 papers.

Search string for IEEE Xplore was the following:

((digital AND technology) AND (process AND (improvement OR redesign OR
change OR optimization OR innovation OR disruption OR transformation))) AND
(case AND study)

Additionally, courses and digitally unavailable papers were excluded via filtering.
It resulted in 353 papers.

The three search results were exported from these digital libraries and added
into a single Excel file. These 3 data sources were then combined into a single
spreadsheet and data captured was Identifier, Title, Source, Start page, End
page, Abstract.

It resulted in 1854 papers.

To satisfy EC4, duplicate papers are then removed:

e Title-based duplicate removal reduced 342 papers.

e Abstract-based duplicate removal reduced 19 additional papers.
It resulted in 1493 papers.

To satisfy EC3, duplicate papers are then removed:
e Total page numbers were calculated using start and end page numbers.
e Papers that had length 1-4 pages were removed.

It resulted in 1327 papers.

Phase 3 - Scanning based on title and abstract
As there was no feasible way to reduce the papers further in large numbers, a
semantic scanning approach was next based on the defined inclusion criteria.
The aim of this phase was to manually go through each papers’ title and abstract
and identify if they are relevant to the thesis. The results were collected into a
field “Relevance”.
The values were assigned accordingly:

e Value “"0” meant that based on information in title and abstract, the paper

clearly did not satisfy some of the inclusion criteria;
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e Value “3” meant that based on information in title and abstract, it was
clear that IC1, IC2 and IC3 were satisfied, but it was not clear if the paper
actually discussed the implementation, and satisfied 1C4;

e Value “4” meant that based on information in title and abstract, it seemed
that the papers satisfy all criteria;

e Value "R” meant that the paper did not satisfy inclusion criteria but might
be interesting as related work.

This meant, that papers with value 0 were excluded and other papers needed to
be accessed to identify if they are valid.

The results of this phase were the following:
e 157 papers with value “3”;
e 163 papers with value “4”;
e 24 papers with value “R”.

It resulted in 344 papers.

Phase 4 - Analysing paper contents and extracting information
The second semantic analysis phase included actually looking inside these pa-
pers and extracting information shown in Table 1. During the data extraction,
the following information was identified:
e What was the main implemented solution;
e Which digital technologies enabled the creation of the main solution and
what were the other concurrent digital technologies;
e How the main solution was technically implemented and how each digital
technology contributed;
How the business processes were changed;
The business sector / industry;
The impact of the implementation;
Which Devil’s Quadrangle performance effects best characterized the busi-
ness process changes;
e Which Redesign Heuristics best characterized the business process
changes.

In addition to extracting contents, papers were assigned an additional field called
“"Result” to indicate whether:
e the paper is “Valid”, meaning data can be extracted or paper can be used
as related work;
e the paper is “Invalid”, meaning it does not satisfy some of the inclusion
criteria or;
e the paper is “Inaccessible”, meaning the full-text version of the paper
could not be accessed.

The results of this phase were the following:
e 71 “Valid” papers;
e 78 “Inaccessible” papers;
e 171 “Invalid” papers;
e 7 “Valid” relevant papers.
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It resulted in 71 final papers.

The final list of identified papers is described in Appendix 1.

Phase 5 — Extracting capabilities
In phase 5, the information from phase 4 was analysed to create a list of digital
technology capabilities. The creation of this list is described in detail in section

5.1.

Once the digital technologies capabilities were derived, the 71 papers were again
analysed to understand which capabilities apply. This resulted in a semi-comma
separated list of capabilities for each paper.

Phase 6 - Framework generation
The final phase of the systematic literature review included analysing the co-
existence of digital technology capabilities and process redesign heuristics. As a
result, a framework was created, that is described in section 5.2.

4.2. Results
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Diagram 1. Systematic literature review extracted data class diagram.

Applies to.

The information in the final list of papers was quite varied and follows a complex

structure, which is demonstrated on Diagram 1 and discussed below:

18 /50



. Each academic paper discussed one or more use cases, where a main

application was implemented.

The main application was realised by one or more enabling digital tech-
nologies and was usually implemented into a context, where some crucial
concurrent digital technologies existed beforehand.

. Both enabling and concurrent digital technologies are instances of digital

technologies and each digital technology has 1 or more digital technology
capability.

. Also, one digital technology capability applies to several digital technolo-

gies.

The use cases capture the implementation of 1 or more process redesigns
and each process redesign is characterized by 1 to 3 Devil’'s Quadrangle
positive performance effects and 1 or several redesign heuristics.

. The process redesign is affected by both enabling and concurrent digital

technologies and any other external factors.

. The digital technology capabilities enable the process redesign and 1 to 5

redesign heuristics were identified to correlate with a single capability.

. The paper might or might not discuss the presence of every element and

relationship.

For example, in an implementation of BIM-AR solution [36], the following infor-
mation was captured:

1.
2.
3.

=20 ®ONO

= OoO-

Main Tech - BIM-AR

Other Techs - BIM; AR; Web app; Mobile app; Dashboard; Smart device
Tech Description - BIM refers to a combination or a set of technologies
and organizational solutions that are expected to increase inter-organiza-
tional and disciplinary collaboration in the construction industry and to im-
prove the productivity and quality of the design, construction, and mainte-
nance of buildings

. Process Change - Quality control process was enhanced with AR tech-

nology which gets information from the BIM and displays the planned
building information in real life via mobile. Allows for defects reduction,
resulting in less rework

. Impact - Improved understanding of the design, access to information,

overview of the quality status of the project, reduction in defects and re-
working, improved and quicker response and decision-making. BIM ap-
proach allows the project team and the stakeholders to share information
and to be constantly aware about the project. Adding AR allows to visually
retrieve the BIM information.

Sector/industry - Architecture, Engineering, Construction

Time -1

Quality -1
Flexibility - 1
Cost -1

Heuristic - Control Addition; Integral technology
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12. Capability - Real-time; Virtualisation; Coordination; Analytics; Vis-
ualisation; Interactivity; Collaboration; Ubiquitous access; Mobility; Sens-
ing
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Diagram 2. Main technologies word cloud.

As can be seen from Diagram 2, there are a variety of ways that the main tech-
nology / solution has been called in the papers. The main technology can be a
single technology like BIM or an ambiguous complex solution, such as Digital
Platform. The most common ones are Digital Twin, BIM, BIM-GIS, Digital Plat-
form, IoT, RFID, 3D Scanning, Photogrammetry and CAD/CAM.
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Diagram 3. Enabling and concurrent technologies word cloud.

There is also a great variety of enabling and concurrent technologies among the
papers as can be seen from Diagram 3. The most common ones are Smart De-
vices, Web apps, CAD, Machine Learning, Simulation, Cloud computing, Photo-

grammetry, and digital image processing.
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Technology capabilities

Presence of technology capabilities in papers

& &

70%

60%

50%

40%

30%

20%

10%
0

X

[
Q:‘)

IIIIII.I
¢ &

S Q e N o &
RS
RN \ : o o o
Q (,'04 ] S ] X ‘0 \;0 & o(b (’}\ @g\ ‘0\ ) ,sg\ . /5\‘\ {\’b &8
P U NN CARNSS O & & & @
LG R R FFE T8 & E S
\ RS O (4 O
AN ¥ @ N <&@ 'é\b Q (?;0
4 & N
&
&

Diagram 4. Presence of technology capabilities in papers.

Diagram 4 shows the presence of digital technology capabilities in the papers.
The most common being Analytics, Interactivity and Virtualisation and least
common Automatic identification, H2M Interface, and Location tracking.

The capability presence is only captured if it is discussed in the paper. Therefore,
a capability like Storage, which is most likely present in almost every solution is
only discussed 24% of the times, because it is probably taken for granted.
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Diagram 5. Sector/industry distribution of papers.

Diagram 5 shows that the most common industries in the papers were Architec-
ture, Engineering, Construction, Healthcare and Manufacturing
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Process performance metrics

Presence of performance metrics
80%
70%

60%

50%
40%
30%
20%
10%

0%

Time Quality Flexibility Cost

Diagram 6. Presence of technology capabilities in papers.

Diagram 6 shows that introducing digital technologies most frequently resulted
in @ quality increase and least frequently in the saving of costs.

Redesign heuristics
Presence of redesign heuristics in the papers
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Diagram 7. Presence of technology capabilities in papers.

Diagram 7 shows that every paper’s process redesigns exhibit the integral tech-
nology heuristic, which makes sense, as the goal of SLR was to capture only
papers, where a digital technology is used to redesign a process. Automation,
Control addition and Interfacing are also common, each being present in approx-
imately 20% of the papers and Buffering was only present in 4% of the papers.
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4.3. Limitations of literature review data

During the Systematic Literature Review, several problems were identified,
which constrain from creating a simple “digital technology-to-process redesign
impact” framework. These issues are illustrated on Diagram 1 and described

below:

1. It is hard to capture quality information, as the information is inconsistent
among papers:

a.

Scholars might interpret similar elements, such as digital technol-
ogy, capability, redesign impact, differently, as there are no widely
accepted definitions nor standards describing them. For example,
concepts AI, machine learning, data analytics, big data, data mining,
SVM might all refer to the same application.

. Authors might not always capture all the related elements in the

papers, e.g. it is not deemed necessary to capture concurrent/obvi-
ous technologies, some process redesign effect or technology capa-
bility is not observed/described. For example, things like the Inter-
net and database technology exist in most use cases, but they are
rarely discussed, because they are so widespread and obvious in a
modern application.

Not all enabling digital technologies and concurrent digital technolo-
gies are described in a use case. Similarly, not all process redesigns
and their impacts are described in a use case comprehensively, as
they are hard to measure, and assessments are usually subjective.

. In the papers digital technologies and their capabilities are usually

described separately from the whole process redesign impacts,
therefore often it cannot be understood how each technology con-
tributed to the impact.

. Digital technologies are not implemented in isolation and it is almost

impossible to assess their singular effect on a business process, be-
cause complex sociotechnical systems contain numerous other ex-
ternal factors, which might affect the process redesign.

Digital technology might not exhibit all of its capabilities in a use
case or the capabilities might not be described in papers compre-
hensively nor homogeneously. For example, BIM by itself exhibits
many capabilities, like collaboration, coordination, ubiquitous ac-
cess, virtualisation, interactivity, storage, but in the context of a
building an “Immersive Virtual Environment”, BIM was only used a
digital data source and most of its inherent capabilities are not rele-
vant [55].

. All use cases exhibit the “integral technology” redesign heuristic.

Some papers do not even exhibit any other heuristics, therefore ex-
tracting redesign heuristics does not provide any valuable infor-
mation in many cases.

2. In a use case, companies almost always implement complex solutions to
achieve intended complex business process redesigns in complex soci-
otechnical systems, therefore there are several complex multiplicities pre-

sent:
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. These complex solutions are made up of different technologies with
different capabilities. Also, when implementing a new solution, there
are usually already other digital technologies present. Both enabling
and concurrent technologies though contribute to the process rede-
sign. For example, in a case [19], where a digital twin was imple-
mented in a petrochemical factory to achieve the emergent property
of real-time overview and control of the manufacturing operations,
many technologies were already present, and many new technolo-
gies were implemented, but all of them together create a digital twin
application.

. Digital technologies might have several capabilities, especially more
complex technologies. As applied digital technologies are realised by
other technologies, their capabilities are dependent on which tech-
nologies are used to realise it in a specific scenario. For example, a
software application might have ubiquitous access capability if it is
realised as a web application, but not if it is realised as a desktop
application. Also, one capability applies to several technologies.

. The paper might contain multiple similar use cases and in one use
case redesign several processes but describe process redesign ef-
fects only from a general viewpoint.

. Similarly, the implemented main application might have several en-
abling and concurrent technologies, which might not be discussed.
Also, if any capabilities are even discussed, they might not be dis-
cussed in relation to specific technologies.

. Even though the papers capture use cases where digital technologies
enable a process redesign, it is not always possible to capture how
each technology and its capability contributed to a process redesign.
Also, several capabilities might enable a single process redesign and
a single capability might enable several process redesigns, produc-
ing another many-to-many relationship.
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5. Digital technology capability framework

This section presents the list of digital technology capabilities and the final
framework.

This first subsection discusses the derivation of digital technology capabilities
from analysing relevant literature and data identified from systematic literature
review. The second subsection discusses the creation of the final framework.

5.1. Deriving digital technology capabilities

This section answers the second research and discusses the derivation of digital
technology capabilities, as no suitable frameworks were identified, that could
comprehensively capture the essence of the digital technologies discussed in the
Systematic Literature Review papers. There were 3 main criteria in creating a
capability list:

1. The capabilities must be able to explain the inherent abilities of all the
technologies identified in the SLR papers;

2. The capabilities must not be overlapping and have to be independent,
meaning that any capability can exist without having to have another
specific one present;

3. The capabilities should be as general as possible, to capture as many
similar technologies as possible, but detailed enough to not become triv-
ial.

There are several sources [9][1][15][11][5] that in some way classify digital
technologies or describe their capabilities, but each by themselves do not satisfy
these 3 criteria. These sources are analysed and combined into a final list in
Table 6. For each of the source, it is brought out what was the limitations and
how their classification fits into the final list.

Lipsmeier et al. [9] have identified 8 different digital technology classes - con-
nectivity, storage, analytics, fabrication, visualization, interactivity, H2M inter-
face and sensing (initially named sensoring). They aggregate these classes to
match the digital data operations, with an addition of Interaction:

Creation covers H2M interface and sensing;

Processing covers analytics;

Transfer covers connectivity and storage;

Application covers visualisation and fabrication;

Interaction combines H2M interface and visualisation and covers interac-
tivity.

These technology classes can be thought of as technology capabilities, but as
they are based on digital data operations, they only capture the essence of en-
abling digital technologies. As complex real-life solutions, that were identified in
the papers, exhibit many other capabilities, these technology classes are not
sufficient to satisfy the first criteria. All 8 of these classes were used to describe
the functional technology capabilities.
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Pousttchi et al. [1] have identified a long list of technologies, which they cate-
gorized into 22 characteristics. It is quite a good characterisation, but there
some limitations, which makes in unsuitable to be used fully - some character-
istics are not capabilities in the sense, that they do not express “an ability to do
something”, e.qg. it is actually just a technology or technology group, and some
characteristics could be captured with a more general capability. Also, there
were no definitions for the characteristics, just some examples. The character-
istics are shown in Table 2, where each characteristic is either classified into final
capabilities or given a justification if it is not applicable.

Table 2. Digital technology characteristics. Adapted from [1].

Characteristic

Final capability/justification
Connectivity

Mobile communication sys-
tems

Auto-identification systems Automatic identification
Positioning

Additive manufacturing
Computer architecture
Operating systems

Application software

Location tracking
Fabrication

Not a capability
Not a capability
Not a capability

Mobile devices Mobility
Stationary devices Not a capability
Ubiquitous computing Mobility

Human-computer interface

Technical augmentation of
human body and mind

Robotics
Mobility
Internet of Things

Established database tech-
nologies

New database technologies
IT infrastructure

Data analytics

Big Data

Artificial intelligence
Information security

Interactivity / H2M Interface
H2M Interface

Fabrication

Mobility

Not a capability (Virtualisation / Connectivity / Sens-
ing)

Storage

Storage
Ubiquitous access
Analytics
Analytics
Analytics
Coordination

Cearley et al. [15] define technology capabilities in the context of describing
autonomous things and therefore only focus on a specific application and capture
a very narrow set of capabilities. The characteristics are shown in Table 3, where
for each original capability it is described how it is captured by the final capabil-
ities.

Table 3. Autonomous things capabilities. Adapted from [15].
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Perception The ability to understand the physical space Sensing / analytics / real-time
in which the machine is operating. This in-
cludes the need to understand the surfaces
in the space, recognize objects and their
trajectories, and interpret dynamic events
in the environment

Interaction The ability to interact with humans and Sensing / analytics / real-time / interactivity
other things in the physical world using a
variety of channels (such as screens and
speakers) and sensory outputs (such as
light, sound and haptics).

Mobility The ability to safely navigate and physically Mobility
move from one point to another in the space
through some form of propulsion (such as
walking, cruising/diving, flying and driving).
Manipulation The ability to manipulate objects in the Fabrication
space (such as lifting, moving, placing and
adjusting) and to modify objects (for exam-
ple, by cutting, welding, painting and cook-
ing).
Collaboration The ability to coordinate actions through co-  Collaboration
operation with different things and to com-
bine actions to complete tasks such as mul-
tiagent assembly, lane merges and swarm
movements.

Autonomy The ability to complete tasks with a mini- Coordination
mum of external input, and to respond to a
dynamically changing space without re-
course from cloud-based processing or
other external resources.

Silva et al. [11] identified 24 key factors that firms should consider when imple-
menting digital factoring in the context of Industry 4.0. This included 12 Critical
Success Factors belonging to Technical category. Even though they are not pre-
sented as technology capabilities and no definition is provided, they capture im-
portant digital technology capabilities. The critical success factors are shown in
Table 4, where for each critical success factor it is described how it is captured
by the final capabilities.

Table 4. Technical critical success factors. Adapted from [11].

Critical success factor

Data management interoper- Connectivity
ability related to tools and
systems integration

Final capability/justification

Infrastructure, operating Not a capability
system speed and ease soft-

ware configuration (comput-

ers, networks)

Real-time data Real-time
Connectivity Connectivity

Ability to transform Big Data Analytics
into knowledge and decision-
making

System architecture that Sensing / Storage / Connectivity
support data from IoT

Advanced robotics Fabrication
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Critical success factor

Final capability/justification

Cybersecurity Coordination
Traceability Coordination
Logistic automation Coordination
Technical support for DM Not a capability
tools

Availability of collaborative Collaboration
tools

Henriette et al. [5] carry out a systematic literature review to identify which
digital capabilities are impacted by the digital transformation. Their capabilities
capture some important aspects, but do not describe enough of the

Table 5. Digital capabilities. Adapted from [5].

Digital capability Final capability/justification

Digitization / dematerializa- Virtualisation

tion

Internet technologies Connectivity
Analytics Analytics
Mobility Mobility

Social Network Collaboration
Knowledge and skills Not a capability

To create a final technology capability list, Table 6 was assembled. It was as-
sembled by analysing the classifications described in this section and digital
technology descriptions and terminology in the extracted SLR data. A total of 16
capabilities were identified, that satisfy the 3 criteria. The capabilities have two
distinct purposes - to provide functionality regarding digital data or provide busi-
ness value. These capabilities are given a definition and some example technol-
ogies are presented from the identified frameworks and Systematic Literature
Review papers.

Table 6. Description of digital technology capabilities.

Purpose Technology - —r T .
- capability Capability description/definition Example technologies

Connectivity enables the technology to send 5G, 4G, General Packet Radio
and receive digital data [9]. Service (GPRS), Bluetooth,
ZigBee, Near-field Communica-
tion (NFC), Wi-Fi, Application
Programming Interface (API),
) : Electronic Data Interchange
Functionality (EDI), Internet of Things (IoT),
OPC UA

Storage enables the technology to store digital Cloud storage, Database tech-

data without changing it [9]. nology, Knowledge base, Geo-
graphic Information System
(GIS)

Connectivity

Storage
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Purpose Technology - . - -
- capability Capability description/definition Example technologies

Analytics enables the technology to perform Artificial Intelligence (AI), Big
evaluations and analyses with digital data [9]. Data Analytics, Machine Learn-

Analytics It also enables the user to extract useful infor- ing, Process Mining, Optical
mation from the data and therefore make bet- Character Recognition (OCR),
ter decisions. Digital Image Processing

Fabrication enables the technology to create a Additive manufacturing (3D
physically measurable output, e.g. creating a printing), CNC machine, Indus-
Fabrication material object, controlling physical move- trial Robotics, remote detonat-
ment, initiating explosion [9]. ing, Computer-assisted manu-
facturing (CAM)

Visualisation enables the technology to make it Augmented Reality (AR), Virtual

Visualisation visually available to people [9]. Reality (VR), Diagrams, Anima-
tion
Interactivity enables the technology to simul- Smart devices, Distributed Con-
taneously create and use digital data [9]. trol System (DCS), Supervisory
Interactivity Control and Data Acquisition
(SCADA), Graphical User Inter-
face (GUI)
. H2M interface enables the technology to create Brain-computer interface, eye
H2M inter- L ; - S -
f digital data based on information that is ini- tracking glasses
ace . . ;
tially available in humans [9].
Sensing enables the technology to generate 3D scanning, Light Detection
digital data based on the presence or changes And Ranging (LiDAR), Radio
Sensing in something [96]. Detection And Ranging (Radar),

sensors, Unmanned Aerial Vehi-
cle (UAV), satellite, photogram-
metry, IoT

Real-time enables the technology to communi- Real-time computing, Digital

cate, show, present etc. at the same time as Twin, DCS, SCADA, videote-
Real-time events actually happen [97]. This is usually lephony

present in complex systems that want to con-

trol critical business operations.

Virtualisation enables technologies to change GIS, Building Information Man-
something that exists in a real form into a vir- agement system (BIM), Com-
tual version [98] (e.g. a building, a product, a puter-assisted design (CAD),
machine, a landmark, a worker). Simulation is Computer-assisted engineering
a special form of virtualisation, as it enables (CAE), Digital Twin
technologies to create a model of a real activity

for the purposes of training or solving a prob-

lem [99].

Coordination enables technologies to organise Digital Twin, Enterprise Re-
separate things so that they work together source Planning system (ERP),
[100]. This capability is usually exhibited by Manufacturing Execution Sys-
. complex technologies in the context of a busi- tem (MES), Customer Relation-
Business ness organization and the things organised are ship  Management  system
value crea- coordination different resources, such as people, clients, (CRM), Supply Chain Manage-
tion suppliers, machines, processes, projects, fi- ment system (SCM), Product
nances etc. Lifecycle Management system
(PLM), BIM, DCS, Robotic Pro-
cess Automation (RPA), Indus-

trial robotics

Virtualisation

Mobility enables technologies to provide their Smartphone, tablet, smart
services on smart devices, while travelling watch, UAV

Mobility from place to place, without being connected

by wires [101].

Ubiquitous access enables technologies to be Cloud computing, web app, mo-
Ubiquitous accessible from everywhere [102]. This is bile app
access made possible with networks, such as the In-

ternet.

Collaboration enables technology users to work  Office technology (e-mail, word

together to create or achieve the same thing processing, spreadsheets etc.),

[103]. collaboration platform, videote-
lephony

Collaboration
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Purpose Technology - . = .
- capability Capability description/definition Example technologies

Automatic identification enables technology to QR codes, bar codes, radio fre-

Automatic automatically recognize and name someone or quency identification (RFID), bi-

identification something [104]. ometrics, optical character
recognition (OCR)

Location tracking enables the technology to Global Positioning System
wirelessly locate the position of an item any- (GPS), Bluetooth, RFID, Indoor
where in a defined space (local/campus, wide positioning

area/regional, global) at a point in time that is,

or is close to, real time [105].

Location
tracking

5.2. Correlating capabilities to redesign heuristics

The final framework was created to find an answer to the third research question
of how digital technologies can enable business process redesign. It was assem-
bled by listing the identified digital technology capabilities and adding to them
any redesign heuristic that was simultaneously identified. The framework there-
fore captures every capability-heuristic pair found in the papers.

In the framework it is described how a capability enables the redesign heuristic.
For each capability-heuristic pair 1-2 technologies with use cases are brought
out to exemplify the real scenarios of how the technology exhibiting that capa-
bility enabled redesign and how the process was redesigned. The results are
shown in Table 7. Definitions for technology capabilities can be found in Table 6.

Table 7. Digital technology capability and redesign heuristic framework.

Rede- e How the process was
Technp_logy sign I-!ov_v capability enables the heu- | Technology redesigned using the
capability heuristic ristic example technology
Integral Introducing a digital technology en- Bluetooth A hospital scenario im- [24]
technol- ables to elevate the physical con- plemented a blood
ogy straints and exchange data digitally pressure telemonitor-
within a process / organization. ing solution to where

Bluetooth was used to
transfer data from a
medical device to a
smart device.

Interfac- Connectivity capability enables a EDI For a port to gain a [35]
ing technology to create a standardized standardized way to ex-
interface with the customers and change documents with
partners. other participants in the
supply chain, they im-
Connectiv- plemented an EDI
ity based Port Community
System.
Automa- Connectivity enables to automati- Digital Twin / To gain real-time over- [19]
tion cally exchange information within a IoT view of factory shop-
process/organization. floor status, a petro-

chemical factory imple-
mented a Digital Twin /
IoT solution to collect
information from sen-
sors, terminals, and
other software solu-

tions automatically
without any human in-
put.
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Technology

capability

Storage

Analytics

Rede-
sign
heuristic

Buffering

Contact
reduction

Integral
technol-

ogy

Integral
technol-
ogy

Control
addition

Automa-
tion

How capability enables the heu-
ristic

Connectivity enables a technology
to obtain updates from an external
source.

Connectivity enables a digital tech-
nology to reduce the number of
physical contacts by exchanging in-
formation digitally.

Introducing a digital technology
with storage capability enables to
elevate the physical constraints and
store data digitally within a process
/ organization.

Introducing a digital technology
with analytics capability enables to
elevate the physical constraints and
analyse data digitally within a pro-
cess / organization.

Analytics enables to check the com-
pleteness and correctness of a pro-
cess (or its components) by analys-
ing data.

Analytics enables a technology to
automatically extract useful infor-
mation from data and act on that in-
formation.

Technology
example

OPC UA

Internet

Knowledge
base

GIS

Data mining

Motion
ture

Cap-

Al

How the process was
redesigned using the
technology

A manufacturing com-
pany created a Digital
Twin virtual model for
the assembly process
and used an OPC UA
protocol to provide
real-time updated in-
formation to it from
Sensors.

A hospital scenario im-
plemented a blood
pressure telemonitor-
ing solution to where
blood pressure infor-
mation from the patient
was sent over the inter-
net to the physician,
without having to phys-
ically make contact.

An agriculture group
created a digital plat-
form that includes a
knowledge base using
ontology of precision
farming, which allowed
to digitalize and formal-
ize required knowledge
for use in automatic de-
cision-making.

A web-based GIS plat-
form was created to
store historical aerial
photographs in an in-
teractive way.

An energy company im-
plemented a web-based
enterprise information
system, where they
used data mining to ex-
tract comparative sta-
tistics from energy us-
age data and therefore
providing decision mak-
ing support.

A manufacturing com-
pany implemented mo-
tion capture technology
to analyse the workers
actions in a packing
process to understand
if is done ergonomically
correctly.

A financial institution
implemented an Al-
based data driven-deci-
sion-making system to
automate the decision
making in credit appli-
cation process.
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Rede-

Technology | _.
P sign
capability heuristic
Integral
technol-
ogy
Fabrication
Integral
technol-
ogy
Visualisa- Control
tion addition
Integral
technol-
ogy
Interactiv-
ity
Integral
technol-
ogy
H2M inter-
face
Integral
technol-
ogy
Sensing

How capability enables the heu-

ristic

Introducing a digital technology
with fabrication capability enables
to elevate the physical constraints
and produce physical output using
digital data.

Introducing a digital technology
with visualisation capability enables
to elevate the physical constraints
and make information visually avail-
able using digital data.

Visualisation enables to check the
completeness and correctness of a
process (or its components) by vis-
ualising digital data.

Introducing a digital technology
with interactivity capability enables
to elevate the physical constraints
and make it possible to interact with
digital data, i.e. simultaneously cre-
ate and use data.

Introducing a digital technology
with H2M interface capability ena-
bles to elevate the physical con-
straints and make it possible to cap-
ture digital data from humans.

Introducing a digital technology
with sensing capability enables to
elevate the physical constraints and
make it possible to capture digital
data from the presence or changes
in something.

Technology
example

Additive man-
ufacturing

Dashboard

BIM / AR

Digital Twin /
DCS

Digital form

Eye tracking

ODK Scan

Photogram-
metry

How the process was
redesigned using the
technology

In the process of re-
verse engineering and
fabrication of historical
artifacts, additive man-
ufacturing was used to
create a physical replica
of the initial artifact.

A government agency
built a dashboard to
visualise open data
about city management
in order to envision in-
formation in a simpler
and more efficient
manner.

To carry out quality
management a con-
struction company im-
plement a BIM-AR solu-
tion, where building
models were taken
from BIM and superim-
posed at real construc-
tion site using AR to
identify if something is
built wrong.

A petrochemical factory
implemented a Digital
Twin solution of shop-
floor production line
and used DCS to pro-
vide information to op-
erators and allow them
to control mechanisms.

In a hospital a digital
form was created to
transition from a paper
to a digital checklist in
the process of carrying
out a trauma resuscita-
tion.

In the process of prod-
uct usability assess-
ment eye-tracking
technology was used to
capture the eye move-
ments of test partici-
pants.

A hospital implemented
an ODK Scan solution
which consisted of a
special physical form
from where digital in-
formation can be cap-
tured simply by taking
a picture.

In the process of re-
verse engineering and
fabrication of historical
artifacts, photogram-
metry was used to cap-
ture a 3D representa-
tion of the artifact.
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Rede-

Technology sign

capability

Automa-
tion

Integral
technol-
ogy

Buffering

Control

Real-time addition

Integral
technol-
ogy

Virtualisa-
tion

heuristic

How capability enables the heu-
ristic

Sensing enables to automatically
capture digital information within a
process/organization

Introducing a digital technology
with real-time capability enables to
elevate the physical constraints and
achieve something in a digital form
real-time.

Real-time enables the technology to
have information available and up-
dated in near real-time.

Real-time enables the technology to
check completeness and correct-
ness of a process (or its compo-
nents) in near real-time.

Introducing a digital technology
with virtualisation capability ena-
bles to elevate the physical con-
straints and make it possible to cre-
ate a virtual version of a real entity
with digital data.

Technology
example

Digital Twin /
IoT / sensors

Videoconfer-
encing

Digital Twin

Digital Twin /
IoT / DCS

Simulation

BIM / AR

CAD

How the process was
redesigned using the
technology

To gain real-time over-
view of factory shop-
floor status, a petro-
chemical factory imple-
mented an IoT solution
to collect information
from sensors, termi-
nals, and other soft-
ware solutions auto-
matically without any
human input.

A university used vide-
oconferencing to give a
lecture in real-time dig-
itally to students.

A manufacturing com-
pany created a Digital
Twin virtual model for
the assembly process
and assembled part and
updated it with real-
time operational data.

A petrochemical factory
implemented a Digital
Twin solution to control

shop-floor production
line in real-time
through implementing

a complex IoT solution,
that gathers and anal-
yses information in
real-time and gives
feedback to operator
via DCS allowing them
to check completeness
and correctness at all
times.

In a hospital a virtual
system based on event
modelling enabled to
understand and test the
effects of system
change without actually
carrying it out.

A construction com-

pany implemented a
BIM-AR  solution in
quality management

process, where BIM en-
abled to create a virtual
version of the construc-
tion site and AR was
used to superimpose
the virtual version to
real life.

In the process of re-
verse engineering and
fabrication of historical
artifacts, CAD software
used to represent a 3D
representation of the
artifact.
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Technology

capability

Coordina-
tion

Mobility

Ubiquitous
access

Rede-
sign
heuristic

Control
addition

Integral
technol-

ogy

Automa-
tion

Integral
technol-

ogy

Integral
technol-
ogy

Contact
reduction

How capability enables the heu-
ristic

Virtualisation enables the technol-
ogy to check completeness and cor-
rectness of a process (or its compo-
nents) in a virtual form.

Introducing a digital technology
with coordination capability enables
to elevate the physical constraints
and support the coordination of a
system using digital data.

Coordination enables a technology
to automate the coordination of a
system.

Introducing a digital technology
with mobility capability enables to
elevate the physical constraints and
makes it possible to be easily
moved between physical locations.

Introducing a digital technology
with ubiquitous access capability
enables to elevate the physical con-
straints and makes it possible to be
easily accessed from anywhere.

Ubiquitous access capability enables
a digital technology to reduce the
number of contacts with a customer
or a third party by making a ser-
vice/product available everywhere.

Technology
example
Digital Twin /
Simulation
BIM

Digital plat-
form

Smart device

GIS / Web
app
Web app

Chatbot / So-
cial media

How the process was
redesigned using the
technology

In a petrochemical fac-
tory a virtual Digital
Twin of production line
was created using sim-
ulating systems (APC,
RTO) to compare with
real production line
data and check for
completeness and cor-
rectness.

BIM was implemented
during the construction
of a complex airport
and it was used to coor-
dinate quality control
and assurance activi-
ties, materials delivery,
jobsite planning and lo-
gistics, crew tracking,
and safety monitoring.

An agriculture group
created a digital plat-
form that employs digi-
tal agents to automati-
cally carry out agricul-
ture coordination tasks
instead of farmers, e.g.
forming, coordinating,
and monitoring plan for
Ccrop processing.

An agriculture group
created a digital plat-
form and introduced
tablets and
smartphones to provide
access to farmers while
they are moving
around.

A government organi-
sation created a web-
based Geographical in-
formation system to
provide its citizens ac-
cess to various infor-
mation.

A church created a web
app to enable to reach
the religious workers
anywhere and enabled
to give prayers from
afar

A financial institution
implemented a chatbot
in Facebook to accept
their credit applications
without direct contact.
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Technology

capability

Collabora-
tion

Automatic
identifica-
tion

Location
tracking

Rede-
sign
heuristic

Integral
technol-

ogy

Integra-
tion

Integral
technol-

ogy

Control
addition

Automa-
tion

Integral
technol-

ogy

Control
addition

How capability enables the heu-
ristic

Introducing a digital technology
with collaboration capability enables
to elevate the physical constraints
and makes it possible to work to-
gether in an environment based on
digital data.

Collaboration capability enables a
digital technology to integrate a
customer or a supplier into a busi-
ness process.

Introducing a digital technology
with automatic identification ena-
bles to elevate the physical con-
straints and makes it possible to
identify an entity based on digital
data.

A digital technology with automatic
identification enables to check com-
pleteness and correctness of a pro-
cess (or its components) via entity
identification.

A digital technology with automatic
identification enables to automate
entity identification.

Introducing a digital technology
with location tracking capability en-
ables to elevate the physical con-
straints and capture the location of
a physical entity using digital data.

A digital technology with location
tracking enables to check complete-
ness and correctness of a process
(or its components) via location
tracking.

Technology
example

BIM

Digital  Plat-

form

Barcode

RFID

RFID

GPS

GPS / GIS

How the process was
redesigned using the
technology

BIM was implemented
during the construction
of a complex airport
and it was used to for
all participants in the
construction value
chain to work in the
same environment, en-
suring quick and error-
free information ex-
change between par-
ties.

A port created a digital
platform called “Port
Community  System”
where supply chain par-
ticipants were able to
submit documents by
themselves and access
information relevant to
themselves.

In the context of imple-
menting an IoT solution
in manufacturing, bar-
code scanners were
used to identify prod-
ucts and therefore, pro-
vide information about
status of orders.

A hospital introduced
RFID by attaching chips
to surgical equipment
to ensure real-time
overview of instru-
ments and to avoid ac-
cidentally leaving one
in a patient.

A construction com-
pany a solution for au-
tomatic truck-watering
and wused RFID to
uniquely identify a wa-
tering truck and cap-
ture the arrival and
leaving times.

During the mining pro-
cess, GPS allows to im-
port “as drilled” or “as
designed” hole coordi-
nates into blast design
software.

A construction com-
pany during the build-
ing of a dam used GPS
to identify truck’s loca-
tion and display it in a
GIS app to ensure pro-
cess was carried out
correctly.
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6. Discussion

This section discusses the results of the conducted study, explains the usefulness
and describes further research areas.

Introducing a digital technology to a business context can have all kinds of pos-
itive effects on business processes. They can be used to reduce time spent, in-
crease quality, enhance flexibility, or decrease costs. Usually not all of these
aspects can be improved with a single change. For example, automating a pro-
cess helps save time, money and increase quality, but results in less flexibility
in the process, as automation requires standardisation. Introducing a technology
can also increase flexibility, as digitizing data makes handling it much more flex-
ible, but turning data digital takes an extra effort and might result in additional
costs and time spent. Another example, how digital technologies can increase
flexibility is introducing additive manufacturing as it enables to easily switch be-
tween creating different products and therefore also save time [80], but usually
is more expensive than traditional manufacturing methods.

Business processes can be redesigned in numerous ways, but Process Redesign
Heuristics [6] are a good way to capture the essence of it, as it provides a finite
set of heuristics. These heuristics also provide a good way to investigate the
correlation between the digital technologies and business process redesign ef-
fects. Out of the 29 total heuristics, 7 were identified to be directly enabled by
digital technologies.

Digital technologies are often abstract concepts that are made up from other
enabling technologies. For example, a Digital Twin usually consists of simulation
and an IoT solution and an IoT solution usually consists of sensors, a network,
a storage solution, and a software application [19][25][75]. Also, in real life
applications, digital technologies are almost never in isolation and are used along
with other technologies to provide business value.

Digital technologies have capabilities, meaning they enable the user to do some-
thing. For example, a Graphical User Interface enables the user to interact with
a computer, a Digital Twin enables to create virtual replica of an actual entity, a
database enables to store data, Internet enables to transfer data, RFID enables
to automatically identify an entity, GPS enables to track the location of an entity.
These capabilities are shared with other similar technologies. A total of 16 unique
digital technology capabilities were identified, that were able to comprehensively
capture the essence of 121 different digital technologies found in 71 papers.
These 16 technology capabilities all can enable business process redesign. Digi-
tal technology capabilities can either be functional, meaning they describe han-
dling of digital data or they provide distinct business value. It was observed that
every digital technology exhibits at least one functional capability and complex
real-life solutions usually exhibit at least one or more business value-oriented
capabilities. Also, many functional capabilities of digital technologies are usually
taken for granted and not discussed in the papers.

38 /50



Combining the digital technology capabilities and redesign heuristics a frame-
work was assembled, where for each capability related to redesign heuristics
and examples from the real-life use case cases were given.

This framework can be a tool for business professionals to assist in carrying out
digital transformation. The framework will provide them a reference point to
start the digital transformation journey as it will enable them to explore the
capabilities of digital technologies and how each capability can be used to rede-
sign processes.

The framework could also theoretically be used as an input structure for the
development of an Al-based recommendation tool that helps companies make
better choices with digitalization.

The results could also be used in further academic research. The framework
could be expanded to include the effects of other organisational and environ-
mental factors to be able find the best fitting technology adoption, as is at-
tempted by Ahmad [12]. Also, it could be further studied what other factors are
necessary to carry out digital transformation, such as digital maturity level, re-
quired competences, transitional management practices, economic viability. Fur-
thermore, it could be studied how digital technologies can affect other aspects
of a business [10], such as business service/product design, business
model/strategy design, culture, compliance, information security.
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7. Conclusions
This section gives an overview of what was accomplished in the study.

The goal of the thesis was to look at digital transformation from the perspective
of BPM and find answers to three research questions — what digital technologies
have been used to redesign business processes, what capabilities of digital tech-
nologies have enabled business process redesign and how can digital technolo-
gies enable business process redesign.

First, the most important concepts were explained. A section was dedicated to
clarifying what are business processes and digital technologies.

Then, related work was analysed to identify state-of-the-art in the world of dig-
ital technologies and their relationship to business process management.

To answer the research questions, a systematic literature review was carried
out. It consisted of six distinct phases - first 4 were used to reach a list of
papers, that provide information about the research questions. Phases 4 and 5
included information extraction, to answer research questions 1 and 2. Phase 6
consisted of analysing the extracted information to answer research question 3.
The results of the literature review were discussed and visualised with several
diagrams.

The extracted information was used to create a digital technology capability
framework. Initially, a list of 16 digital technology capabilities was created along
with definitions and example technologies from the identified literature, which
answered the first and second research question. These capabilities were then
combined with process redesign heuristics to create a framework, that explains
how the capabilities enable process redesign and exemplifies it with real-life use
cases, answering the third research question.

40 / 50



8. List of references

[1] K. Pousttchi, A. Gleiss, B. Buzzi and M. Kohlhagen, "Technology Im-
pact Types for Digital Transformation," 2019 IEEE 21st Conference on
Business Informatics (CBI), Moscow, Russia, 2019, pp. 487-494.

[2] Imgrund, Florian & Fischer, Marcus & Janiesch, Christian & Winkel-
mann, Axel. (2018). Approaching Digitalization with Business Process
Management.

[3] Loffler, Alexander & Prifti, Loina & Knigge, Marlene & Kienegger,
Harald & Krcmar, Helmut. (2018). Teaching Business Process Change in
the Context of the Digital Transformation: A Review on Requirements for
a Simulation Game.

[4] Van Looy A. (2018) On the Synergies Between Business Process
Management and Digital Innovation. In: Weske M., Montali M., Weber 1.,
vom Brocke J. (eds) Business Process Management. BPM 2018. Lecture
Notes in Computer Science, vol 11080. Springer, Cham

[5] Henriette, Emily; Feki, Mondher; and Boughzala, Imed, "The Shape
of Digital Transformation: A Systematic Literature Review" (2015). MCIS
2015 Proceedings. 10.

[6] Dumas M., La Rosa M., Mendling J., Reijers H.A. (2018) Fundamen-
tals of Business Process Management. Springer, Berlin, Heidelberg

[7] Tomat, Luka & Trkman, Peter. (2019). Digital Transformation-The
Hype and Conceptual Changes.

[8] N. M. Ochara et al., "Digital Transformation of Enterprises: A Tran-
sition Using Process Modelling Antecedents," 2018 Open Innovations Con-
ference (OI), Johannesburg, 2018, pp. 325-331,

[9] L. Andre, B. Michael, R. Daniel and K. Christian, "Framework for the
identification and demand-orientated classification of digital technologies,"
2018 IEEE International Conference on Technology Management, Opera-
tions and Decisions (ICTMOD), Marrakech, Morocco, 2018, pp. 31-36.

[10] Alter, Steven, "The Work System Method: Systems Thinking for
Business Professionals" (2011). Business Analytics and Information Sys-
tems. Paper 32.

[11] Elias Hans Dener Ribeiro da Silva, Jannis Angelis, Edson Pinheiro de
Lima, In pursuit of Digital Manufacturing, Procedia Manufacturing, Volume
28, 2019, Pages 63-69, ISSN 2351-9789,

[12] Ahmad, Tahir. (2019). The Impact of New IT Adoption on Business
Process Management

[13] Mendling, Jan & Pentland, Brian & Recker, Jan. (2020). Building a
Complementary Agenda for Business Process Management and Digital In-
novation. European Journal of Information Systems

[14] Kitchenham, B., Charters, S.: Guidelines for performing Systematic
Literature Reviews in Software Engineering. Engineering. 2, 1051 (2007).

[15] Cearley, D., Jones, N., Smith, D., Burke, B., Chandrasekaran, A.,
Lu, C. (2019) “Top 10 Strategic Technology Trends for 2020”, Gartner

[16] Erboz, Gizem. (2017). How To Define Industry 4.0: Main Pillars Of
Industry 4.0.

41 /50



[17] Hadjitchoneva, Juliana. (2019). Efficient Automation of Decision-
making Processes in Financial Industry: Case Study and Generalised
Model. 2413. 42-52.

[18] Qin S. (2019) Using a Virtual Hospital for Piloting Patient Flow De-
congestion Interventions. In: Li J., Wang S., Qin S., Li X., Wang S. (eds)
Advanced Data Mining and Applications. ADMA 2019. Lecture Notes in
Computer Science, vol 11888. Springer, Cham

[19] Qingfei Min, Yangguang Lu, Zhiyong Liu, Chao Su, Bo Wang, Machine
Learning based Digital Twin Framework for Production Optimization in Pet-
rochemical Industry, International Journal of Information Management,
Volume 49, 2019, Pages 502-519, ISSN 0268-4012

[20] Skobelev P., Larukchin V., Mayorov 1., Simonova E., Yalovenko O.
(2019) Smart Farming - Open Multi-agent Platform and Eco-System of
Smart Services for Precision Farming. In: Demazeau Y., Matson E.,
Corchado J., De la Prieta F. (eds) Advances in Practical Applications of
Survivable Agents and Multi-Agent Systems: The PAAMS Collection.
PAAMS 2019. Lecture Notes in Computer Science, vol 11523. Springer,
Cham

[21] Kulp, Leah & Sarcevic, Aleksandra & Cheng, Megan & Zheng, Yinan
& Burd, Randall. (2019). Comparing the Effects of Paper and Digital Check-
lists on Team Performance in Time-Critical Work. Proceedings of the
SIGCHI conference on human factors in computing systems. CHI Confer-
ence. 2019. 1-13. 10.1145/3290605.3300777.

[22] Lohmeyer, Quentin & Schneider, Andreas & Jordi, Christoph &
Lange, Jakob & Meboldt, Mirko. (2019). Toward a new age of patient cen-
tricity? The application of eye-tracking to the development of connected
self-injection systems. Expert  Opinion on Drug Delivery.
10.1080/17425247.2019.1563070.

[23] Roman A. Vila, Elsa Estevez, and Pablo R. Fillottrani. 2018. The de-
sign and use of dashboards for driving decision-making in the public sec-
tor. In Proceedings of the 11th International Conference on Theory and
Practice of Electronic Governance (ICEGOV ’18)

[24] Omboni, S., Caserini, M. & Coronetti, C. Telemedicine and M-Health
in Hypertension Management: Technologies, Applications and Clinical Evi-
dence. High Blood Press Cardiovasc Prev 23, 187-196 (2016)

[25] Xuemin Sun, Jinsong Bao, Jie Li, Yiming Zhang, Shimin Liu, Bin
Zhou, A digital twin-driven approach for the assembly-commissioning of
high precision products, Robotics and Computer-Integrated Manufactur-
ing, Volume 61, 2020, 101839, ISSN 0736-5845

[26] Ciarapica, Filippo Emanuele et al. ‘Business Process Re-engineering
of Surgical Instruments Sterilization Process: A Case Study’. 1 Jan. 2016
: 1 - 29.

[27] Ali, S.M.; Powers, R.; Beorse, J.; Noor, A.; Naureen, F.; Anjum, N.;

Ishaqg, M.; Aamir, J.; Anderson, R. ODK Scan: Digitizing Data Collection
and Impacting Data Management Processes in Pakistan’s Tuberculosis
Control Program. Future Internet 2016, 8, 51.

[28] John Kaufman, Allan EW Rennie, Morag Clement, Single Camera
Photogrammetry for Reverse Engineering and Fabrication of Ancient and

42 / 50



Modern Artifacts, Procedia CIRP, Volume 36, 2015, Pages 223-229, ISSN
2212-8271,

[29] Isa Baud, Dianne Scott, Karin Pfeffer, John Sydenstricker-Neto, Eric
Denis, Digital and spatial knowledge management in urban governance:
Emerging issues in India, Brazil, South Africa, and Peru, Habitat Interna-
tional, Volume 44, 2014, Pages 501-509, ISSN 0197-3975,

[30] Nylén, Daniel & Holmstrom, Jonny. (2018). Digital innovation in con-
text: Exploring serendipitous and unbounded digital innovation at the
church of Sweden. Information Technology & People.

[31] Rego-Monteil, N. & Suriano, M. & Crespo-Pereira, Diego & del Rio
Vilas, David & Rios-Prado, Rosa & Longo, Francesco. (2013). A data col-
lection methodology to perform DHMS-based ergonomic analysis of man-
ufacturing tasks.

[32] V. Nikolopoulos, G. Mpardis, I. Giannoukos, I. Lykourentzou and V.
Loumos, "Web-based decision-support system methodology for smart pro-
vision of adaptive digital energy services over cloud technologies," in IET
Software, vol. 5, no. 5, pp. 454-465, Oct. 2011

[33] D. Mourtzis, N. Milas, K. Vlachou and I. Liaromatis, "Digital transfor-
mation of structural steel manufacturing enabled by IoT-based monitoring
and knowledge reuse," 2018 5th International Conference on Control, De-
cision and Information Technologies (CoDIT), Thessaloniki, 2018, pp. 295-
301

[34] K. Pisutova, R. C. Rogers and J. Mercer, "Engaging Students at a
Distance: Advantages and Pitfalls of Video-Conference use in Teaching,"
2018 16th International Conference on Emerging eLearning Technologies
and Applications (ICETA), Stary Smokovec, 2018, pp. 431-438

[35] Di Vaio, Assunta & Varriale, Luisa. (2019). Digitalization in the sea-
land supply chain: experiences from Italy in rethinking the port operations
within inter-organizational relationships. Production Planning & Control

[36] Mirshokraei, Mehrdad & De Gaetani, Carlo & Migliaccio, Federica.
(2019). A Web-Based BIM-AR Quality Management System for Structural
Elements. Applied Sciences

[37] Koseoglu, Ozan & Nurtan-Gunes, Elif. (2018). Mobile BIM implemen-
tation and lean interaction on construction site: A case study of a complex
airport project. Engineering, Construction and Architectural Management

[38] Krleza, Palmira & Behaim, Jelena & Kranjec, Ivor & Jurkovic,
Miljenko. (2018). Recreating Historical Landscapes: Implementation of
Digital Technologies in Archaeology. Case Study of Rab, Croatia.

[39] Abrate, Matteo & Bacciu, Clara & Hast, Anders & Marchetti, Andrea
& Minutoli, Salvatore & Tesconi, Maurizio. (2013). GeoMemories—A Plat-
form for Visualizing Historical, Environmental and Geospatial Changes in
the Italian Landscape. ISPRS International Journal of Geo-Information

[40] Liu, Donghai & Cui, Bo & Liu, Yugang & Zhong, Denghua. (2013).
Automatic control and real-time monitoring system for earth-rock dam
material truck watering. Automation in Construction

[41] Kara, Sami & Adamson, William & Reisz, William & Trousselle, Raph-
ael. (2014). The Latest Generation of the Electronic System Enhanced
Safety and Productivity. Procedia Engineering.

43/ 50



[42] Szostak, Marta & Wezyk, Piotr & Tompalski, Piotr. (2013). Aerial Or-
thophoto and Airborne Laser Scanning as Monitoring Tools for Land Cover
Dynamics: A Case Study from the Milicz Forest District (Poland). Pure and
Applied Geophysics

[43] Stampe Vinther, Kathrine & Miller, Sune. (2018). The Imbrication
of Technologies and Work Practices: The Case of Google Glass in Danish
Agriculture. Scandinavian Journal of Information Systems.

[44] Yang, Wun-Bin & Ye, Y.. (2017). PLANNING BY USING DIGITAL
TECHNOLOGY IN THE RECONSTRUCTION OF CULTURAL HERITAGE SITES
— A CASE STUDY OF QIONG-LIN SETTLEMENT IN KINMEN AREA. ISPRS -
International Archives of the Photogrammetry, Remote Sensing and Spa-
tial Information Sciences.

[45] Abrate, Matteo & Bacciu, Clara & Hast, Anders & Marchetti, Andrea
& Minutoli, Salvatore & Tesconi, Maurizio. (2013). GeoMemories—A Plat-
form for Visualizing Historical, Environmental and Geospatial Changes in
the Italian Landscape. ISPRS International Journal of Geo-Information.

[46] Russo, Michele & Manferdini, Anna Maria. (2014). Integration of im-
age and range-based techniques for surveying complex architectures. IS-
PRS Annals of Photogrammetry, Remote Sensing and Spatial Information
Sciences.

[47] Mirshokraei, Mehrdad & De Gaetani, Carlo & Migliaccio, Federica.
(2019). A Web-Based BIM-AR Quality Management System for Structural
Elements. Applied Sciences.

[48] Mirarchi, Claudio & Pavan, Alberto & Marco, Francesco & Wang,
Xiangyu & Song, Yongze. (2018). Supporting Facility Management Pro-
cesses through End-Users’ Integration and Coordinated BIM-GIS Technol-
ogies. ISPRS International Journal of Geo-Information.

[49] Bottaccioli, Lorenzo & Aliberti, Alessandro & Ugliotti, Francesca &
Macii, Enrico & Osello, Anna & Patti, Edoardo & Acquaviva, Andrea. (2017).
Building Energy Modelling and Monitoring by Integration of IoT Devices
and Building Information Models.

[50] Liu, Donghai & Cui, Bo & Liu, Yugang & Zhong, Denghua. (2013).
Automatic control and real-time monitoring system for earth-rock dam
material truck watering. Automation in Construction.

[51] Talamo, Cinzia & Bonanomi, Marcella. (2020). The Impact of Digi-
talization on Processes and Organizational Structures of Architecture and
Engineering Firms.

[52] Zhan, Jian & Ge, Xin & Huang, Shoudong & Zhao, Liang & Wong,
Johnny & He, Sean. (2019). Improvement of the inspection-repair process
with building information modelling and image classification.

[53] Ismail, Mohd & Mohd Ishak, Siti Salwa & Osman, Mokhzal. (2019).
Role of BIM+GIS checker for improvement of technology deployment in
infrastructure projects. IOP Conference Series: Materials Science and En-
gineering.

[54] Koseoglu, Ozan & Keskin, Basak & Ozorhon, Beliz. (2019). Chal-
lenges and Enablers in BIM-Enabled Digital Transformation in Mega Pro-
jects: The Istanbul New Airport Project Case Study. Buildings.

44 / 50



[55] Jansson, Gustav & Mukkavaara, Jani & Olofsson, Thomas. (2018).
Interactive Visualization for Information Flow in Production Chains: Case
Study Industrialised House-Building.

[56] Tang, Llewellyn & Chen, Chao & Tang, Shu & Wu, Zhuogian & Tro-
fimova, Polina. (2017). Building Information Modeling and Building Perfor-
mance Optimization.

[57] Shi, Zixiao & Abdelalim, Aly & Attar, Ramtin & Akiki, Philippe & Gra-
ham, Katie & Waarden, B. & Fai, Stephen & Tessier, A. & Khan, Azam.
(2015). Digital campus innovation project: Integration of Building Infor-
mation Modelling with building performance simulation and building diag-
nostics. Simulation Series.

[58] He, Bao-Jie & Ye, Miao & Yang, Li & Fu, Xiang-Ping & Mou, Ben &
Griffy-Brown, Charla. (2014). The combination of digital technology and
architectural design to develop a process for enhancing energy-saving:
The case of Maanshan China.

[59] Ramon Morte, Alfredo & Rodriguez-Hidalgo, A. & Navarro, J.T. & Za-
ragozi, Benito. (2013). A methodology for evacuation route planning inside
buildings using geospatial technology. WIT Transactions on Information
and Communication Technologies.

[60] Mutula, Stephen. (2012). Library automation in sub Saharan Africa:
Case study of the University of Botswana. Program: electronic library and
information systems.

[61] Gorter, Anne & Koert, Rutger & Tames, Ismee & Klijn, Edwin &
Scherer, Marielle. (2019). From Tribunal Archive to Digital Research Facil-
ity (TRIADO): Exploring ways to make archives accessible and useable.
DATeCH2019: Proceedings of the 3rd International Conference on Digital
Access to Textual Cultural Heritage.

[62] Zhang, Jin & Wen, Chang. (2017). The university library manage-
ment system based on radio frequency identification.

[63] Song, Min. (2019). The application of digital fabrication technologies
to the art and design curriculum in a teacher preparation program: a case
study. International Journal of Technology and Design Education.

[64] Kjellsdotter, Anne & Sofkova Hashemi, Sylvana. (2015). Design and
Redesign of a Multimodal Classroom Task — Implications for Teaching and
Learning.

[65] Pieterse, Heloise. (2017). Assisting Digital Forensics Investigations
by Identifying Social Communication Irregularities.

[66] Amini, Sasan & Gerostathopoulos, Ilias & Prehofer, Christian.
(2017). Big data analytics architecture for real-time traffic control.

[67] Barnett, Amy & Winning, Michelle & Canaris, Stephen & Cleary, Mi-
chael & Staib, Andrew & Sullivan, Clair. (2018). Digital transformation of
hospital quality and safety: Real-time data for real-time action. Australian
Health Review.

[68] Sturesson L, Groth K. Clinicians’ Selection Criteria for Video Visits in
Outpatient Care: Qualitative Study J Med Internet Res 2018.
[69] Laurenza, Elena & Quintano, Michele & Schiavone, Francesco &

Vrontis, Demetris. (2018). The effect of digital technologies adoption in

45/ 50



healthcare industry: a case based analysis. Business Process Management
Journal.

[70] Brasil, Lourdes & Gomes, Marilia & Miosso, Cristiano & Amvame-Nze,
Georges. (2015). Web platform using digital image processing and geo-
graphic information system tools: A Brazilian case study on dengue. Bio-
medical engineering online.

[71] Mans, Ronny & Reijers, Hajo & Wismeijer, Daniel & Genuchten, Mich-
iel. (2013). A process-oriented methodology for evaluating the impact of
IT: A proposal and an application in healthcare. Information Systems.

[72] Stolk-Vos, Aline & Steen, Jolet & Drossaert, Constance & Braakman-
Jansen, Louise & Zijlmans, Bart & Kranenburg, Leonieke & De Korne, Dirk.
(2018). A Digital Patient-Led Hospital Checklist for Enhancing Safety in
Cataract Surgery: Qualitative Study. JMIR Perioperative Medicine.

[73] Lin, Ching-Heang & Chou, Hsin-I & Yang, Ueng-Cheng. (2018). A
Standard-driven Approach for Electronic Submission to Pharmaceutical
Regulatory Authorities. Journal of biomedical informatics.

[74] Ciarapica, Filippo & Bevilacqua, Maurizio & Mazzuto, Giovanni & Pa-
ciarotti, Claudia. (2016). Business process re-engineering of surgical in-
struments sterilization process: A case study. International Journal of RF
Technologies.

[75] Ying, Liu & Zhang, Lin & Yang, Yuan & Longfei, Zhou & Ren, Lei &
Wang, Fei & Liu, Rong & Pang, Zhibo & Deen, M.].. (2019). A Novel Cloud-
Based Framework for the Elderly Healthcare Services Using Digital Twin.

[76] Frastia, Marek & LiS¢ak, Pavel & Zilka, Andrej & Paudits, Peter &
Bobal, Peter & Hroncek, Stanislav & Sipina, Slavomir & Ihring, Pavol &
Marcis, Marian. (2019). Mapping of debris flows by the morphometric anal-
ysis of DTM: a case study of the Vratna dolina Valley, Slovakia.

[77] Bio, A. & Bastos, Maria & Granja, Helena & Pinho, José & Gongalves,
José & Renato, Henriques & Madeira, Sérgio & Magalhdes, A. & Rodrigues,
Daniel. (2015). Methods for coastal monitoring and erosion risk assess-
ment: Two Portuguese case studies. Journal of Integrated Coastal Zone
Management

[78] Anusha, N. & Varadharajulu, Bharathi. (2019). An overview on
Change Detection and a Case Study Using Multi-temporal Satellite Im-
agery.

[79] Urbina, Pedro & Lynn, Roby & Louhichi, Wafa & Parto, Mahmoud &
Wescoat, Ethan & Kurfess, T.. (2018). Part data integration in the Shop
Floor Digital Twin: Mobile and cloud technologies to enable a manufactur-
ing execution system. Journal of Manufacturing Systems.

[80] Paoletti, Ingrid. (2017). Mass Customization with Additive Manufac-
turing: New Perspectives for Multi Performative Building Components in
Architecture. Procedia Engineering.

[81] chen, Erheng & Cao, Huajun & He, Qinyi & Yan, Jiahao & Jafar, Sal-
man. (2019). An IoT based framework for energy monitoring and analysis
of die casting workshop. Procedia CIRP.

[82] Mathur, Pravesh & Rao, C Koteshwar & Pathak, Swapnil & Gowda,
Rudra & K.V.Govinda,. (2011). A Novel Measurement Technique for the

46 / 50



Alignment of Satellite Reflectors and Feeds: from Subsystem to Spacecraft
and up to final RF testing.

[83] Haffner, Oto & Kralova, Zdenka. (2015). Simulation analysis of a
real small production process. Carpathian Control Conference (ICCC),
2015 16th International.

[84] Zhang, Hao & Liu, Qiang & Chen, Xin & Zhang, Ding & Leng, Jiewu.
(2017). A Digital Twin-Based Approach for Designing and Multi-Objective
Optimization of Hollow Glass Production Line.

[85] Forkan, Abdur & Montori, Federico & Georgakopoulos, Dimitrios &
Jayaraman, Prem Prakash & Yavari, Ali & Morshed, Ahsan. (2019). An In-
dustrial IoT Solution for Evaluating Workers' Performance Via Activity
Recognition.

[86] Xu, Yan & Sun, Yanming & Liu, Xiaolong & Zheng, Yonghua. (2019).
A Digital-Twin-Assisted Fault Diagnosis Using Deep Transfer Learning.
[87] Kao, Yung-Chou & Liu, Yung-Ping & Wei, Chen-Lung & Hsieh, Shang-
Heng & Yu, Chi-Yuang. (2018). Application of a cyber-physical system and

machine-to-machine communication for metal processes.

[88] Viswanathan, J. & Harrison, W. & Tilbury, D. & Gu, Fangming.
(2011). Using hybrid process simulation to evaluate manufacturing system
component choices: Integrating a virtual robot with the physical system.
Proceedings - Winter Simulation Conference.

[89] Eckhardt, Andreas & Laumer, Sven & Maier, Christian & Weitzel, Tim.
(2014). The Transformation of People, Processes, and IT in E-Recruiting :
Insights from an Eight-year Case Study of a German Media Corporation.
Employee Relations.

[90] Nylén, Daniel & Holmstrom, Jonny. (2018). Digital innovation in con-
text: Exploring serendipitous and unbounded digital innovation at the
church of Sweden. Information Technology & People.

[91] van Son, Rob & Jaw, Siow Wei & Yan, Jingya & Khoo, V. & Loo, R. &
Teo, S. & Schrotter, Gerhard. (2018). A Framework for Reliable Three-
Dimensional Underground Utility Mapping for Urban Planning.

[92] Capability. In Cambridge Dictionary. https://dictionary.cambridge.org/dic-
tionary/english/capability (Retrieved 8.05.2020).

[93] Zoom Video Communications, Inc. https://zoom.us/ (Retrieved
10.05.2020).

[94] Skype. https://www.skype.com/ (Retrieved 10.05.2020).

[95] Andrei, Adam & Cosma, Cristian & Alexandru, Comsa & Adrian, Pop.
(2015). Redesigning a Product Using Modern CAD-CAM Software. Procedia

Technology.

[96] Sensor. In Cambridge Dictionary. https://dictionary.cambridge.org/diction-
ary/english/sensor (Retrieved 8.05.2020).

[97] Real-time. In Cambridge Dictionary. https://dictionary.cambridge.org/dic-
tionary/english/real-time (Retrieved 8.05.2020).

[98] Virtualization. In Cambridge Dictionary. https://dictionary.cam-
bridge.org/dictionary/english/virtualization (Retrieved 8.05.2020).

[99] Simulation. In Cambridge Dictionary.  https://dictionary.cam-

bridge.org/dictionary/english/simulation (Retrieved 8.05.2020).

47 / 50


https://dictionary.cambridge.org/dictionary/english/capability
https://dictionary.cambridge.org/dictionary/english/capability
https://zoom.us/
https://www.skype.com/
https://dictionary.cambridge.org/dictionary/english/sensor
https://dictionary.cambridge.org/dictionary/english/sensor
https://dictionary.cambridge.org/dictionary/english/real-time
https://dictionary.cambridge.org/dictionary/english/real-time
https://dictionary.cambridge.org/dictionary/english/virtualization
https://dictionary.cambridge.org/dictionary/english/virtualization
https://dictionary.cambridge.org/dictionary/english/simulation
https://dictionary.cambridge.org/dictionary/english/simulation

[100] Coordination. In Cambridge Dictionary. https://dictionary.cam-
bridge.org/dictionary/english/coordination (Retrieved 8.05.2020).

[101] Mobility. In Cambridge Dictionary. https://dictionary.cambridge.org/dic-
tionary/english/mobility (Retrieved 8.05.2020).

[102] Ubiquitous. In Cambridge Dictionary. https://dictionary.cam-
bridge.org/dictionary/english/ubiquitous (Retrieved 8.05.2020).

[103] Collaboration. In Cambridge Dictionary. https://dictionary.cam-
bridge.org/dictionary/english/collaboration (Retrieved 8.05.2020).

[104] Identification. In Cambridge Dictionary. https://dictionary.cam-
bridge.org/dictionary/english/identification (Retrieved 8.05.2020).

[105] ISO/IEC 24730-1:2006. Information technology — Real-time locat-
ing systems (RTLS) — Part 1: Application program interface (API)
https://www.iso.org/standard/38840.html (Retrieved 8.05.2020).

48 / 50


https://dictionary.cambridge.org/dictionary/english/coordination
https://dictionary.cambridge.org/dictionary/english/coordination
https://dictionary.cambridge.org/dictionary/english/mobility
https://dictionary.cambridge.org/dictionary/english/mobility
https://dictionary.cambridge.org/dictionary/english/ubiquitous
https://dictionary.cambridge.org/dictionary/english/ubiquitous
https://dictionary.cambridge.org/dictionary/english/collaboration
https://dictionary.cambridge.org/dictionary/english/collaboration
https://dictionary.cambridge.org/dictionary/english/identification
https://dictionary.cambridge.org/dictionary/english/identification
https://www.iso.org/standard/38840.html

Appendix 1. Final list of identified papers categorised by sectors

Agriculture

Archaeology

Architecture, Engineering, Construction
Archives, libraries, museums
Chemical industry

Education

Finance

Forensics

Government

Healthcare

Land surveying
Manufacturing

Mining

Ports

Professional services
Religion

Utilities

[20][42] [43]

[28][38][44][45] [46]
[371[471[48]1[49]1[50][51][52][53][54]1[55][561[571[58][59]
[60][61][62]

[19][63]

[34]1[631[64]

[17]

[65]

[23][29][66]
[18][21][22][24][27][67][68]1[691[701[71][72][731[74](75]
[761[771[78]
[25][31][33][791[801[81][82][83][84]1[85][861[871[881[95]
[41]

[35]

[89]

[90]

[32][91]

49 / 50



Lihtlitsents 10putoo reprodutseerimiseks ja iildsusele kittesaadavaks
tegemiseks

Mina, Steven Leego,

1. annan Tartu Ulikoolile tasuta loa (lihtlitsentsi) minu loodud teose
“Uurimus digitaalsete tehnoloogiate voimekusest ariprotsesse parendada”,
(I6putdé pealkiri)

mille juhendaja on Dr. Fredrik Payman Milani,
(Jjuhendaja nimi)

reprodutseerimiseks eesmargiga seda sadilitada, sealhulgas lisada digi-
taalarhiivi DSpace kuni autoridiguse kehtivuse 16ppemiseni.

2. Annan Tartu Ulikoolile loa teha punktis 1 nimetatud teos lildsusele kéat-
tesaadavaks Tartu Ulikooli veebikeskkonna, sealhulgas digitaalarhiivi
DSpace kaudu Creative Commonsi litsentsiga CC BY NC ND 3.0, mis lubab
autorile viidates teost reprodutseerida, levitada ja Uldsusele suunata ning
keelab luua tuletatud teost ja kasutada teost arieesmargil, kuni auto-
ridiguse kehtivuse I16ppemiseni.

3. Olen teadlik, et punktides 1 ja 2 nimetatud digused jaavad alles ka auto-
rile.

4. Kinnitan, et lihtlitsentsi andmisega ei riku ma teiste isikute intellektuaalo-
mandi ega isikuandmete kaitse digusaktidest tulenevaid digusi.

Steven Leego
15.05.2020

50/ 50



