UNIVERSITA
DEGLI STUDI
DI CAGLIARI

Ph.D. DEGREE IN
Economics and Business

Cycle XXXVII

TITLE OF THE Ph.D. THESIS

Process Mining Applications for Corporate Process Excellence

Scientific Disciplinary Sector(s)

P-07/A
Ph.D. Student: Serena Racis
Supervisor Prof. Alessandro Spano

Final exam. Academic Year 2023/2024
Thesis defence session: March 2025



Abstract

Today’s private and public organizations live in a dynamic, evolving, and uncertain
world that urges them to constantly adapt to generate value and satisfy consumers’ and
citizens’ needs. In such a context, governing processes is fundamental: Process Mining
(PM) represents a valuable tool to provide organizations with an increased process
transparency that supports the decision-making process regarding a variety of

organizational choices.

Due to its functionalities and potential benefits for improving process performance and
the overall organizational results, numerous organizations all over the world have
already adopted PM to run their processes more effectively and better satisty consumers’
needs. However, little emphasis has been devoted to understanding how PM can
generate value to different kinds of organizations and end-users: the aim of this Doctoral
thesis, structured along four chapters, is to identify the benefits and the challenges
deriving from PM adoption and use by public and private organizations and suggest the

best way to introduce it, from both an organizational and a managerial perspective.

Through a systematic literature review on the PM state-of-the-art and business
applications we identified the benefits and the challenges organizations face when using
PM, which must be considered at all the stages of PM implementation. We also found
that PM has little been applied in the public sector, which led us investigating PM
adoption and use in public sector organizations, by administering a survey to civil
servants from different public sector areas and by conducting a case study within a

specific public sector organization.

We first adopted Business Process Management and digital innovation fields of research
to investigate PM adoption by public organizations to understand if it can be
successfully implemented in the public sector and contribute to undergoing the digital
transformation. Then, we employed Information Systems (IS) theory to examine civil
servants’ attitude towards using PM, aiming to identify in advance those factors that can
be stressed for its successful implementation. Finally, we conducted a case study where
PM techniques, supported by in-depth discussions with process experts, have been

applied to an Italian Civil Court to identify the critical elements that primarily affect the



trials’ duration and suggest the best practices to enable their more efficient execution,

reduce their duration and, consequently, create public value.

We found out that PM is generally positively perceived by civil servants and that PM
can accelerate the digital transformation of public sector organizations, but it is
fundamental to clearly communicate its use, benefits, and critical elements to ensure a
thorough understanding of this technology and promote a broader acceptance. In
addition, our results highlight how innovative tools like PM can revolutionize the
judicial system, despite many issues, especially related to the little spread data culture

and process-oriented approach, must be adequately dealt with.
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“A process is thus a specific ordering of work activities across time and space, with a beginning

’

and an end, and clearly defined inputs and outputs: a structure for action.’

(Thomas Davenport, Process Innovation: Reengineering work through information technology,
1993)

“To KaAov 10D Aydvog 10 Epyov”

(ITivéapog, 518 —438 a.C.)



Introduction

Public and private organizations worldwide are facing unprecedented and continuous challenges that
require new ways of thinking, producing, and delivering goods and services (De Vries et al., 2018)
to satisfy citizens’ and consumers’ needs and survive in today’s competitive market. In such a
scenario, private and public organizations are urged to digitalize their services and processes and act

in a more sustainable way.

Process analysis is fundamental to understand how processes are performed in order to fix
and improve them, deliver higher quality goods and services, and generate value. Governing business
processes is, in fact, essential for every kind of organization: empirical studies show that process-
oriented organizations (organizations that focus on improving their processes when organizing and
managing their work to reach efficiency and better satisfy their customers) perform better than the

non-process-oriented ones (Dumas et al., 2013).

Since well-executed business processes are key for successful performance improvement,
transparent corporate governance, responsible risk management and good compliance with rules and
standards, organizations all over the world have already introduced (or are considering introducing)
Process Mining to run their processes more effectively and better satisfy consumers’ and citizens’

needs (Kerremans and Srivastava, 2021; Global Process Mining Survey 2021, Deloitte).

Process Mining is a quite new discipline that lies between computational intelligence and data
mining on the one hand and the analysis and modelling of processes on the other (van der Aalst et
al., 2012). It uses tools and techniques to extract data and information about the actual (not assumed)
process performance from the organizations’ Information Systems (IS), which collect and store data
related to events, activities, and resources (van der Aalst, 2016). Starting from event logs, which are
sequences of recorded events that refer to a unique case and a specific activity (van der Aalst ef al.,
2007), Process Mining allows to discover, monitor, and improve or re-engineer actual business
processes and improve organizational performance (van der Aalst, 2022). As almost every business
process in modern organizations is supported or enabled by software and IS, it is now possible to
collect and analyse data and information from them in a faster and more objective way with respect
to the past, when process mapping and interviews to employees were used to gain insights on the

execution of specific business processes.

Process Mining thus enables to overcome the problem of limited and biased information,

which characterised previous process analyses and modelling (based on interviews and observations),



and provides meaningful insights into how a particular process really performs (Grisold et al., 2021).
Moreover, Process Mining allows to inspect processes from different perspectives according to the
user or the specific purpose of the analysis (Wang et al., 2014), such as the ‘time’ one to analyse
timing among activities (van der Aalst et al., 2012), or the ‘social network/organizational’ one to

discover roles and relationships among resources (Turner et al., 2012).

Despite Process Mining has already proved to help organizations from different sectors fully
reach their potential and generate competitive advantages, showing undoubtful substantial managerial
implications (Zerbino et al., 2021), it has mainly been studied from a technical perspective,
uncovering numerous techniques, tools, software, and algorithms (Turner et al., 2012; Rubin et al.,
2007; Van der Aalst and Weijters, 2004): little emphasis has been devoted to the value-added it can
generate for organizations and end-users if successfully implemented, especially in the public sector.
Moreover, though Process Mining is claimed to push digital transformation (Kerremans and
Srivastava, 2021), it is still unclear which are the barriers and drivers that public organizations face
for its introduction, and if and how it could enhance the public sector digital transformation. This
topic is extremely relevant right now, as EU country members must pursue objectives indicated in the
Next Generation EU package to recover from the coronavirus crisis and make Europe greener, more

digital, healthier, stronger, and more equal.

This Doctoral thesis aims to explore and develop the extant knowledge on Process Mining
from both an organizational and a managerial perspective to identify benefits and limitations deriving
from Process Mining adoption and use by public and private organizations and suggest the best way

to introduce it, considering contingent factors.

A particular focus is devoted to understanding workers’ and management’s perceptions of
Process Mining’s introduction and use in the organizations and to the impact Process Mining has on
the organizational structure and culture. As a matter of fact, organizations can be described as
complex socio-technical systems (Bostrom and Heinen, 1977) where the adoption of new
technologies has substantial impacts not only on the technical system, but above all on the
organizational and social spheres (Venkatraman, 1994; Tangi et al., 2021). Moreover, if Process
Mining is claimed to standardize, optimize, and automate business processes, the role of human
beings in this context is still paramount: not only Process Mining must be firstly accepted by workers,
but then the outputs provided must be examined by process analysts and managers to give insightful
meanings and identify the best solutions to improve business processes and offer higher quality

products and services.



This Doctoral thesis, structured along four chapters involving both qualitative and quantitative
methods to guarantee the highest level of comprehension and completeness, adopts a
multidisciplinary approach, where economics and business administration knowledge and
competencies are supported and integrated by data science and behavioural sciences contributions. In
addition, socio-technical lenses are used to investigate how the adoption of Process Mining could

influence operational as well as organizational processes.

The first chapter is devoted to a systematic literature review on the Process Mining state-of-
the-art and business applications to identify benefits, limitations, aims, and requirements for its
implementation by different organizations. We found out that Process Mining comes with relevant
improvements for organizations, as well as troublesome aspects that must be considered before and
during its implementation. We also found out that Process Mining has already been successfully
applied in different economic sectors and in different countries all over the world: according to our
systematic literature review, Europe is the continent with most organizations adopting Process
Mining, while the sector in which it is mostly applied is the healthcare one. Contrariwise, we found
few PM applications in the public sector, which led us to further investigate Process Mining

introduction and use in this sector.

The second chapter thus concentrates on understanding whether Process Mining can be
successfully adopted in the public sector to contribute to digitalizing and simplifying its processes
and undergoing the digital transformation. Digital transformation is fundamental for public
organizations, which must adopt IT not to merely digitalize their processes, but mostly to
institutionalize and embed them in their structure and culture (Mergel ef al., 2019; Tangi et al., 2021)
to enhance their processes and achieve overall organizational success (Dremel et al., 2017). By
administering questionnaires to civil servants from different public sector areas, we considered the
perspectives of those actively involved in public sector processes, which provided useful insights on
how to successfully introduce Process Mining to achieve the expected benefits from digital
transformation. As previous studies already emphasised the need to adopt a Business Process
Management (BPM) approach to pursue digital transformation in governments (Fischer ef al., 2020;
Weerakkody et al., 2011), we jointly adopted BPM and digital innovation research fields to
investigate how civil servants perceive Process Mining benefits and challenges prior to its adoption.
Our results show that Process Mining is generally positively perceived by civil servants, who mostly
attribute Process Mining opportunities to governance and technical related elements, while challenges
to people and structure related aspects. Also, Process Mining can accelerate the digital transformation

of public sector organizations, by complementing digitalization projects and enhancing process



automation. However, it is essential to clearly communicate its use, benefits, and critical elements
throughout the entire organization to ensure a thorough understanding of this technology and promote

a process-oriented approach.

The third chapter employs IS research to examine civil servants’ attitude towards using
Process Mining, aiming to identify in advance those factors that can be stressed for its successful
implementation. A critical aspect to consider for a successful implementation of digital technologies
is in fact how individuals perceive them (Gil-Garcia and Flores-Zuniga, 2020): civil servants’
acceptance and attitude towards using Process Mining is thus fundamental to better understand how
to introduce this tool in public sector organizations to fulfil digital government projects and public
policies more effectively. Despite numerous studies have devoted great attention to individuals’
acceptance, adoption, and use of new technologies (Davis, 1989; Rogers, 1995; Venkatesh and Davis,
2000; Venkatesh et al., 2003), only few have concentrated on the public sector (AlAwadhi and Morris,
2008; Carter and Belanger, 2003; Dadayan and Ferro, 2005; Dimitrova and Chen, 2006; Hung et al.,
2006; Titah and Barki, 2006; Gil-Garcia and Flores-Zufiiga, 2020), and mostly from a citizens’
perspective. Research on how civil servants perceive the adoption of ICT (Ahmad et al., 2020;
Decman, 2015; Oschinsky et al., 2021; Wirtz and Piehler, 2016) is still missing, especially concerning
Process Mining. We found out that Process Mining needs to be perceived as useful, easy to use, and
compatible with civil servants’ existing values, needs, and experiences to be positively accepted. In
addition, Process Mining needs to be perceived as the least challenging as possible not to generate

feelings of apprehension and anxiety for using it and promote a more favourable acceptance.

After analysing Process Mining adoption, benefits, and limitations in the literature and in a
pre-adoption phase, the fourth chapter delves into the implementation phase, as it is dedicated to a
case study on Process Mining use in a particular public sector organization. Specifically, we applied
Process Mining techniques, supported by in-depth discussions with process experts, in an Italian Civil
Court to identify the critical elements that primarily affect the trials’ duration and suggest the best
practices to enable their more efficient execution, reduce their duration and, consequently, create
public value. In fact, little research has devoted attention to the Process Mining potential to enhance
the judiciary. Our results highlight how innovative tools like Process Mining can revolutionize the
judicial system by providing judges with objective trials’ data that can support and facilitate the entire
trials’ definition. Nevertheless, many issues, especially related to the little spread data culture and
process-oriented approach into courts are highly present, leading to data inconsistencies and

subsequent difficulties in trials’ analysis and interpretation.






Chapter 1 What’s Process Mining for? A systematic literature

review on Process Mining applications!

Abstract

Process Mining (PM) is a recent discipline within the broader field of Business Process Management,
which allows organizations to better understand their processes and make sounder decisions.

Due to its potential, many organizations have already introduced PM to better manage their processes,
which contributed to increasing performance and generating competitive advantages. However, its

value-added and how this can be achieved are still scarcely investigated in the scientific literature.

Through a systematic literature review of PM applications in different economic sectors, this article
highlights the benefits and the challenges organizations face when using PM.

We found out that PM comes with relevant improvements for organizations and troublesome aspects
that must be considered before and during its implementation. In addition, more research is needed

further to investigate the role of PM in different kinds of organizations and in the public sector.

1. Introduction

The primary scope of both private and public organizations is to satisfy people’s needs. Nowadays,
individuals and organizations are subject to rapid and continuous changes and transformations that
impose fierce competition and the need to stay updated. In this context, process analysis is
fundamental to improving processes’ performance and offering higher quality goods and services

thanks to better management of resources.

Analysing data and processes to make better decisions is not new in human history, as
rationality is innate in human beings. Traditionally, process analysis has been performed primarily by

hand, but now things are changing. New digital technologies allow for fast and accurate analysis of

! This chapter is an amended and more detailed version of a previous manuscript that has been awarded as the best paper
at the first BICAB Conference in 2022 and published as a book chapter: Spano, A., Racis, S., & Cocco, S. (2023). Process
Mining as a Tool for Corporate Value Production. In Data-driven decisions in enterprises—implications for business

education and cases (pp. 17-37). Bristol, UK, Peter Lang.



massive amounts of data from multiple sources, offering significant advantages to organizations that

can smartly use data and get meaningful insights (Agostini and Spano, 2021).

Process Mining (PM), a recent discipline within the broader field of Business Process
Management (BPM) (van der Aalst, 2016), exploits data readily available in organizations’
Information Systems (IS), providing objective insights into how business processes are really
performed and allowing the identification of areas for automation and optimization to support the
decision-making process. PM thus represents a valuable tool that can effectively help both private
and public organizations to better understand business processes, thanks to tools, software and
techniques that allow gaining deep knowledge of the actual execution and performance of business
processes. In addition, PM can single out inefficiencies and bottlenecks and suggest improvements

through an automatic and comprehensive analysis and an easy visualisation of processes’ workflows.

Due to its potential, an increasing number of firms from different sectors have already started
to use PM to efficiently manage their processes, particularly in areas such as business and process
improvement (32%), auditing and compliance (23%), process automation (21%) and digital
transformation (17%) (Kerremans, 2019). In addition, an increasing number of companies are
expected to start adopting PM in the following years and the global PM software revenue is expected
to grow to $2.3 billion by 2025 (Mehta et al., 2021). This growth is primarily driven by the
organizations’ need to keep pace with the new advancements in technologies, changing consumers’
habits and rising concerns on sustainability, which require increased process transparency and

efficiency.

Though PM has undoubtedly substantial managerial implications (Zerbino et al., 2021), it has
mainly been studied from a technical perspective, uncovering numerous techniques, tools, software,
and algorithms (Turner et al., 2012; Rubin et al., 2007; Van der Aalst and Weijters, 2004). However,
little emphasis has been devoted to the value-added it can generate for different kinds of organizations

and end-users if correctly implemented.

This article aims to identify benefits and challenges organizations face when using PM, by
conducting a systematic literature review on PM applications across the globe and economic sectors

to identify peculiar patterns.

This article is structured as follows: in Section 1, we introduce the research context and the
aim of our study; in Section 2, we provide a description of the PM discipline; in Section 3, we present
the methodological approach we followed; in Section 4, we present our findings, which are discussed

in Section 5, which present both theoretical and practical implications, as well as our study’s



limitations; in Section 6, we conclude, emphasising the need to further investigate PM adoption in

the public sector.

2. Process Mining

At the beginning of the PM history, when many of the existing functionalities had not been developed
yet, Business Analytics techniques such as Data querying, Data Mining and BPM could suffice to
analyse business processes (da Silva, 2014). However, PM software and techniques have substantially
evolved since then, becoming an indispensable tool for data-driven and process-oriented
organizations willing to optimize their processes and generate value. In addition, today available
technologies allow companies to gather and store vast amounts of digital data and extract digital logs

from the events recorded in the IS.

PM exploits both computational intelligence and data analysis, on the one hand, and process
modeling and analysis, on the other, to discover, monitor, and improve real processes (van der Aalst
et al., 2012). By (automatically) extracting knowledge about a given process from the digital traces
(event logs) recorded in organizations’ IS (van der Aalst, 2016), PM allows to objectively and
immediately reconstruct the actual (not assumed) process execution, allowing multiple analyses to
identify inefficiencies and bottlenecks to improve or reengineer it (van der Aalst, 2022). For example,
PM can analyse the sequence of activities to identify all possible process variants (control-flow
perspective); the resources, human and non-human, involved in a process, to identify activities
performed by each actor and the relationships between them (organisational perspective); the specific
properties of a case (case perspective); the time and frequencies of activities, to identify bottlenecks

and extreme values (time perspective) (van der Aalst et al., 2012).

Data extraction is thus a fundamental part of PM, which requires logs available in XES
(eXtensible Event Stream) format (van der Aalst, 2016). More in detail, logs contain traces, traces
contain events, and each of them has its own attributes (van der Aalst, 2016). Specifically, each event
is related to a specific case (i.e., a process instance) and refers to an activity (i.e., a specific process
step) that happened in a specific moment in time (i.e., timestamp) (van der Aalst, 2012). Each event
and case must be univocally identified and may also have additional properties, such as resources
involved, costs, and quantities (van der Aalst, 2016). Table I shows an example of event logs from a
‘Purchase to Pay’ process, where each line corresponds to an event, the case ID refers to a unique
process instance, and the activity, timestamp, human resource (pseudonymized) and cost of each

event are reported.



Table 1.I. An example of event log from a ‘Purchase to Pay’ process

Case ID Activity Timestamp Resource Cost
1033752 ‘Create Purchase Requisition Item’ | 10-08-2022:11.04 | 4G3T6H3V9EBB7 | 75
1033752 ‘Release Purchase Requisition’ 22-09-2022:14.47 | 9G581E738Q1P04 | 75
1033752 ‘Create Delivery Order Item’ 03-10-2022:08.55 | 9G581E738Q1P04 | 50
1033752 ‘Release Delivery Order’ 11-10-2022:17.09 | 8D6AFUK5290B9 | 100
1127168 ‘Create Contract’ 29-06-2022:09.38 | 370BZAJDITBP1 120
1127168 ‘Release Request for Contract’ 15-07-2022:16.32 | 370BZAJD9TBP1 80
1140925 ‘Create Purchase Requisition Item’ | 30-01-2023:11.26 | 8D6AFUK5290B9 | 75
1140925 ‘Create Delivery Order Item’ 15-02-2023:15.18 | 8D6AFUK5290B9 | 50
1140925 ‘Release Delivery Order’ 02-04-2023:17.51 | 8D6AFUK5290B9 | 100
1140925 ‘Record Goods Receipt’ 28-04-2023:09.45 | 8D6AFUK5290B9 | 200

Source: Authors own work, based on van der Aalst (2016)

PM does not only allow to (automatically) discover the ‘as-is’ process, that is, how the actual process
performs (process discovery), but also to compare an existing process model (normative, declarative,
descriptive) with an event log of the same process to check for deviations (conformance checking),
and improve and enrich the existing process model with the results of the performed analyses (process
enhancement) (van der Aalst et al., 2012). In addition to these primary PM types, it is also possible
to deploy social network/organizational mining (van der Aalst et al., 2012), which allows to get a
deeper understanding of the human resources involved in the process and their relationships (Song
and van der Aalst, 2008), discover how they really work (Turner et al., 2012), and detect workarounds
or unexpected behaviours (van der Aalst, 2014). New developments in this field also integrate PM
with Machine Learning (ML) and Business Intelligence (BI) sciences, which allows to perform real-

time, predictive and prescriptive analyses, and to run simulations (van der Aalst, 2022).

PM can thus help public and private organizations understand how their business processes
really preform, where bottlenecks, inefficiencies, and deviations are, which are their root causes, and
how to improve them with the appropriate countermeasures (De Weerdt ef al., 2013), as every time a
new transaction linked to a specific process occurs, the analysis of that process is automatically
updated in real-time. It can also help them enhance transparency and knowledge-sharing among
actors (Eggers et al., 2021), fostering a process-oriented culture and a continuous process

improvement approach (Grisold et al., 2020).

3. Methodology

Previous research has already focused on PM applications either in different kind of contexts, or in
specific economic sectors, in particular the healthcare (Arias et al., 2020; Duma and Aringhieri, 2020)
and the financial (Jans et al., 2013) ones. However, mostly concentrating on the technological
perspective (Rojas et al., 2016; Thiede et al., 2018; Dakic et al., 2018): only few studies have focused



on the potential value generated by PM adoption (Eggers and Hein, 2020; Zerbino et al., 2021;
Grisold et al., 2021; Martin et al., 2021).

For this reason, we conducted a systematic literature review on the implications deriving from
the adoption and use of PM within organizations, particularly focusing on related benefits and

challenges, complementing the latter line of research.

3.1 Systematic literature review on PM applications within organizations

To conduct our systematic literature review, we adopted the Preferred Reporting Items for Systematic
Review and Meta-Analysis (PRISMA) methodology (Page et al., 2021), which provides useful
guidelines on how to conduct the literature search and report the results.

To guide our search, we formulated two research questions:

1. What are the PM applications within organizations?

2. Which benefits and challenges were faced by organizations when using PM?

3.1.2 Literature strategy

To search for the primary studies of our review, we defined the keywords to be used and the databases

to be searched. Then, we formulated inclusion and exclusion criteria and the selection procedures.

To perform our search, we used the Web of Science database, together with the web search

engine Google Scholar to increase the variety’s documents’ width. The primary keywords used for

99 ¢¢ 9% ¢

the search included “Process Mining”, “benefit*”, “advantage” “application*”, “case study”, “sector”,

“limitation*”. By iteratively testing them in the databases, we chose to use the string “Process Mining”
AND “benefits” OR “application” OR “sector”, as it provided the best balance between results’

quantity and quality.

The search query was limited to title, abstract and keywords for Web of Science, while to the
title only for Google Scholar, which does not provide the previous option (Ghasemi and Amyot, 2016).
After a first exploratory search, we narrowed our search query to journal articles published in peer-

reviewed journals and in English language only.

We opted not to consider either conference proceedings, nor book chapters or business reports:
the first ones, as they are usually shorter and less detailed than journal articles; the second ones, as
there are already many books reporting on real-life applications of PM within organizations:
particularly worth mentioning for our research is Reinkemeyer (2020), who reports on PM use cases,

implications, benefits and challenges; the last ones, as they are usually really concise and mainly



report on successful stories, while omitting drawbacks or project failures. In addition, we did not
exploit available PM applications databases, as they would put together both scientific and non-
scientific works. Since the aim of our literature review is to identify and investigate both benefits and
challenges deriving for PM use within organizations, the scientific angle adopted in journal articles

seemed to us the best viable option to reach our goal.

The documents were extracted and selected based on title and abstract relevance, assessed by
applying the inclusion and exclusion criteria reported below. Duplicates and documents without
extended abstract or full text access option available were removed. Selected articles were read and
assessed in their entirety by applying again the defined inclusion and exclusion criteria and only the

relevant ones to address our research questions were retained for analysis and synthesis.

To be included, papers had to:
e |IC1: report on real-life applications of PM within organizations;
e |IC2: report on empirical studies of PM applications within organizations, including
experimentations (field experiment) and sector-specific methodology’s validation;

e |IC3: report both benefits and challenges deriving from using PM.

On the other hand, papers were excluded if:
e ECI: reporting on case studies based on artificial event logs;
e EC2: reporting reviews’ findings, based on literature reviews or surveys:

e EC3: PM having a marginal contribution;

EC4: focusing on technical aspects of PM implementation, such as algorithm or techniques

validation:;

EC5: focusing on developing or testing a not sector-specific PM methodology, either

integrated with other technologies or not.

3.1.2 Document extraction

We performed our literature search in February 2022, without setting any temporal limitations to
cover all the published works. The first search provided 498 results in Web of Science and 195 results
in Google Scholar. We decided to narrow our search query to journal articles published in peer-
reviewed journals and in English language only, which returned 54 articles in Web of Science and 23

articles in Google Scholar.

At this stage, we screened each article’s title and abstract based on the inclusion and exclusion

criteria and removed duplicates, obtaining 63 eligible articles to be full text analysed. Before



assessing them, we conducted a second check to verify that they effectively reported on PM empirical
studies, obtaining a final sample of 48 articles. We read all these articles in their entirety and removed
those not answering the research questions (n = 5). The full text assessment let us include in our

analysis 43 articles.

We extracted meaningful information such as the sector of application, the selected process,
the aim of the application, the PM software tool used, the PM algorithms and techniques adopted, and
the benefits and troublesome aspects deriving from PM adoption. In Figure 1 we report our extraction

and selection process.

Figure 1.1. Flow diagram showing the PRISMA review process
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4. Results

We analysed the included papers on PM applications in real contexts, identifying aims, benefits and
challenges, as well as bibliometric data and other relevant information such as the business process,
the economic sector, the geographical area, and the PM software, algorithms and techniques adopted.
In Table Il we report the included studies clustered per economic sector to classify specific patterns

related to the identified benefits and challenges.

Table 1.I1. Studies included in the systematic literature review’s analysis, clustered per economic

sector
Sector  Authors Year  Process Benefits Challenges
Amantea 2020  Patient « Support healthcare * Poor Process Aware
etal. admission professionals in the real Information System (PAIS)’s
process of the understanding of the process,  adoption by hospitals;
Hospital-at- not only by discovering the * a large part of hospital
Home service process but also performing information systems actually is
assessments for enabling the not well equipped for process
application of Value based analysis;
healthcare; « data can be difficult to extract
* derive information about and of low quality
patients’ workflow in an
automated way from not well-
structured data
Araghi et 2018 Patient's * Save of time: healthcare * Current PM techniques are not
al. pathways in the experts do not need to spend adequately capable of dealing
department  of time in designing a model for  with unstructured processes
Nutrition  and patient’s processes, since such as those in healthcare;
Dietetics of a indoor real-time location * need of processing data and
hospital system can provide a real time  transforming event logs;
monitoring of patients, staff * social challenge of tracking
and medical instruments, the staff
[ .
= which can be used to
e automatically generate a
s model of patients' pathways
T through PM;
* easy to visualize and analyse
a process;
* higher efficiency;
* higher safeness;
* detection and analysis of
bottlenecks;
* possible to monitor the
clinical pathways to detect
even small but clinically
important changes in the
patients’ processes
Ariasetal. 2020 Emergency » Map patients’ experiences; * Healthcare processes are often
Room process: e guide the creation of key challenging due to their
customer indicators to improve the complexity, dynamics, and ad-
journey of patients’ satisfaction, based on  hoc nature and multiplicity of
patients ~ with multiple identified touchpoints  disciplines involved;
Pneumonia and during a specific healthcare * data configuration procedure
patients ~ with process; to generate a proper data model;
Acute * study healthcare processes + find the most effective method

using data routinely stored in

to measure the patient’s



Duarte

2020

Myocardial
Infarction

Healthcare
equipment
regulatory
processes,
focusing on the
ultrasound and
magnetic
resonance
imaging
equipment of a
diagnostic
imaging
industry

the electronic health records
(EHRs) and improve them;

* provide information on
executed activities, their
sequence, duration, and
resources involved;

* process ‘As-Is’
representation;

* recognize time constraints;
« identify process bottlenecks;
* perform an organizational
analysis (resource
perspective);

* detect process deviations;

* reduce process complexity;
« visual display of the actual
process using real data helps
to monitor the process more
effectively and enables the
implementation of
improvement measures;

* help clinicians and
administrators to identify
where the changes are
required, to proactively test
them and to assess the impact
of those changes, and to
determine the most effective
ways to improve patient care,
operational efficiency and
enhance process outcomes;

* understand how processes
variants (paths) and
touchpoints may affect the
patients’ experience

* Precise and simple process
model of the overall structure
of the healthcare equipment
regulatory process;

« capture the perspectives and
activities of the studied
processes and make it possible
to identify relationships
between perspectives;

« collection and analysis of
healthcare equipment data and
of planned action based on
respectively elicited process
maps may contribute to
affordability, cost-
effectiveness and broader
patient accessibility goals in
healthcare

experience in order to link it
with specific process paths

* Raw data and derived data
have to be adjusted and filtered;
* healthcare processes are highly
dynamic and complex,
increasingly multidisciplinary
and often performed in ad hoc
ways;

* Regulated processes are not
always well known;

* compliance is often subject to
the relatively hermetic
assessment of specialists



Duma and
Aringhieri

Erdogan
and Tarhan

2020

2018

Management of
the Emergency
Department
patient flows in
a hospital

Surgery process
of a university
hospital

* Exploit data collected by
Emergency Departments and
provide an accurate view on
healthcare processes, ensuring
their understanding and higher
efficiency and quality;

* identify bottlenecks;

* suggest policies to alleviate
the overcrowding

« Identification and assessment
of crucial bottlenecks,
compliance problems and
deviations for ad-hoc
interventions or possible
adjustments to the surgery
process;

« discovery of process flows
automatically from event logs;
« identify performance and
waiting times in processes;

* better management of
resource allocation;

* broad overview of processes
in a short time;

« fully understand and
visualize the process in a
quick manner;

* process variants are analysed
to visualize the most common
paths and outliers;

* extend an existing model
with data related attributes;

« discover social network, find
relationships between roles or
organizations;

* analyse and visualize the
most complicated or time
consuming cases to identify
the potential risks;

* harmonization of two or
more process variants to
reduce costs or complexity;

* suggested interventions can
minimize cost, reduce average
stay time and use of resources,
maximize services and
outcomes of the process and
the quality of care

* Not all PM techniques perform
well in capturing the complex
and ad hoc nature of clinical
workflow, especially that of the
Emergency Department where
patients with a wide variety of
diseases and different urgency
are admitted, which require the
execution of different activities
involving human and medical
resources;

* Emergency Department
processes have a spaghetti
model structure;

« the high complexity and
variability of the patient paths
force to make significant
assumptions in modeling

* Healthcare processes are
complex, variable, dynamic,
multi-disciplinary and ad hoc
(spaghetti like models);

* need to exploit domain
knowledge from domain
experts, end users, customers
and management in order to
define the project scope, project
goals and questions related to
these goals;

* data preprocessing;

« use of different PM tools



Ibanez-
Sanchez et
al.

Mans et al.

2019

2013

Emergency
process: cl
processes

inical
for

stroke patients

Effects of digital

dentistry o
implant
chain

n the
value

* Highlight the differences
between the flow of stroke
patients compared with that of
other patients in an
emergency;

« facilitate health
professionals’ understanding
of the real clinical process of
emergencies;

quick view of the process;

* better understanding of the
clinician through the simple
visualization of the models;

* evaluate the impact of a
policy on an organization by
comparing the identified base
process with the process
discovered after the
application of the policy;

» compare the actual process
with existing knowledge-
driven clinical evidence and
with the gold standards;

* show the chain-value of the
process to the patient;

* emphasizes personalized
care and better patient health;
« evaluate the quality of the
care delivered to patients but
also detect anomalous
readmissions and provide
support for case-by-case
assessments by health
professionals

* Detailed knowledge of the
‘prosthesis' business process
from automatically stored
factual execution data;

* objective view on how
processes are really executed,
with respect to workflow,
resources, time and
organizational roles;

« throughput times of the
business process with respect
to the patient, the dentist and
the dental lab technician;

* quantitative insights about
the process;

« via discrete event simulation
based on PM results, the
impact of different digital
technologies can be analysed
and compared before being
implemented, in order to
understand if the benefits from
introducing new technologies
are superior to costs

* Identification of key processes
in the clinical domain;

* assumptions needed;

* human behaviour is variable

* System must produce event
logs, thus recording (parts of)
the actual behaviour;

* need of additional software
algorithms



Naeem
al.

Pereira
al.

Perimal-
Lewis
al.

et

et

et

2017

2020

2016

Hepatitis
patients’ data of
an academic
hospital

Exam’s analysis
process of the
Clinical
Analysis
Laboratory Unit

Patient’s
journey in
Emergency
Department  at
Flinders

Medical Centre

* Provide different ways to
extract business processes
using knowledge management
techniques without need of
any background understanding
of subject organization;

* extract biomedical processes
from biomedical data using
automatic process generation
techniques;

« visualize processes,
deviations and inefficiencies;
« identify main process and
sub-processes;

« visualization of resources
executing business activities
and their responsibilities using
social network mining

* Higher efficiency (cutting
costs, treat patients within a
short time, improve resource
productivity, increase
processes transparency),
which translates into a good
quality of service offered to
patients, a good level of
satisfaction of the hospital
staff, and an optimum use of
the available healthcare
facilities;

* use of visual representation;
« detection of bottlenecks and
suggestion of solutions

* Discovery and visual
representation of the actual
process;

* detection of deviations,
inefficiencies and non-
conformances;

* investigate abnormalities at a
process level and at a data
level;

e greater transparency on
processes;

* based on PM results, process
improvement can be targeted,;
« time-based performance
measurements in ED can
contribute to process
improvements when
unrecognised gaps are
identified and measures taken
to improve the underlying
process

* Bio-medical processes are
twisted, unstructured and based
on time series making it
difficult to do proper process
modeling for them due lack of
internal knowledge and code
sequences;

* thousands of biomedical
experiments taken on patients
on regular basis;

* due to large size of data,
generating an event log is not an
easy task as it causes computer
memory and application heap
size problems in tools;

* querying takes lot of time for
generating event logs that are
not handled properly in
mentioned tools

* Strong presence of highly
complex and cross-functional
processes associated with the
large variety and amount of
information exchanged between
the processes;

* develop a PM project is too
complex and laborious due to a
lacking of standard PM
procedures and systematisation;
* need to involve stakeholders to
combine the process knowledge
of process specialists;

* need to train the project’s team
about the data-processing and
the project’s phases;

* lack of studies focused on the
standardisation of the PM
application process

* Derive event logs is complex;
* raw data can be misleading;

* poor data quality;

« get Ethics approval for the use
of data;

« for meaningful analysis, it is
necessary to filter the event log
according to a specific scope to
produce interpretable model;

* need of domain experts
collaboration;

* need to raise staff awareness
of the consequence of
inaccurate data to make a more
concerted effort to ensure fields
used for analysis are correctly
completed;

* PM techniques and tools are
case specific



Education

Rebuge 2012  Care flows of «]Identification of regular * Not all PM techniques perform
and emergency behaviour, process variants, well in capturing the highly
Ferreira patients, and and exceptional medical cases; dynamic, complex, increasingly
activities * automatic extraction of multidisciplinary and ad hoc
comprising the process knowledge from nature of clinical workflow;
triage, systems; * incompleteness and noise of
treatments, * less time to perform clinical event logs;
diagnosis, analyses; « deal with outliers (extreme
medical exams, <knowledge of real execution  medical cases that should not be
and forwarding processes; disregarded);
of patients e« insights to improve actual * nUMerous process variants
(example of processes;
radiology * provide insight into the flow
workflows) of healthcare processes, their
performance, and their
adherence to institutional
guidelines
Baykasogl 2018  Computerized * Instructors can easily access ¢ Data preprocessing;
uetal. examinations of and store data over ERP « difficult to implement in non-

ERP course of
the  Industrial
Engineering
Department

system and can automatically
generate student's grades;

* automatically evaluate
students’ performance by
discovering their process
flows in achieving a given
business scenario during
examinations;

* discovering and mapping the
workflow;

* uncovering transactions of
each student from the event
logs recorded throughout the
exam;

* automatic exam evaluation
using discovered process
models and transaction
sequences;

* extraction of raw event logs
from ERP system;

* automated marking process
offers a more detailed and
reliable assessment process
that avoids mistakes and
subjective evaluation;

* help students and instructors
in taking corrective actions

computer-aided courses



Salazar-
Fernandez
et al.

Salazar-
Fernandez
et al.

2021

2021

Educational
trajectories  of
the first four
courses of the
curriculum  of
engineering
students

Educational
trajectories  of
undergraduate
students in a
medium-sized
university

* Detect situations where
curricular trajectories carried
out (actual trajectories) by
students deviate from the
curricular trajectories
proposed (ideal trajectories)
by academic institutions and
understand why they happen
to support better decision-
making at the curricular level
(e.g., what courses students
are expected to take in the
same semester, prerequisite
courses and humber of
available vacancies to be
offered in a course);

* automatically generate a
model of the curricular
trajectories;

« visual representation of
educational trajectories;

* analysis of the most frequent
variants;

* carry out timely
interventions that allow the
retention of students at risk of
dropping out;

* PM tools, combined with
domain models, provide a
powerful instrument to obtain
a deeper understanding of the
dynamic behaviour of students
and prevent early dropouts

* Process-centric approach;

* more holistic comprehension
about the educational
trajectory (process) using
graphical and analytical tools;
« graphic representations of
the educational trajectories of
the students facilitates visual
cognition;

* model educational
trajectories based on academic
records;

* help to understand the
complex nature of enrolment
patterns from a longitudinal
perspective, and this
knowledge can lead to
improvements in the
curriculum and follow-up
mechanisms used to increase
student retention

* Results largely depend on the
accuracy and completeness of
the information used;

« results are not generalizable

PM results depend on data used
and on the

accuracy and completeness of
the information used



Sedrakyan
etal.

2016

Complex
problem solving
(object-oriented
domain
modeling)  as
part of enterprise
modeling and
the  cognitive
learning process
such as self-
regulation
within the task
completion
process in the
“Architecture
and Modeling of
Management
Information
Systems course
(final year
master level
students  from
the Management
Information
Systems
program at KU
Leuven)

* Identify modeling patterns of
novices that can be associated
with worse/better learning
outcomes;

« In contrast to statistical tools,
PM techniques make it easier
to observe processes at
different levels of granularity;
* data analysis at different
abstraction levels;

* process discovery maps to
visualize and investigate
sequential aspects of modeling
and validation activities;

* observe novices modeling
process and synthesize
modeling patterns of novices
that are indicative for learning
outcomes;

« identification of patterns
allows demonstrating the
applicability of PM techniques
in observing cognitive
learning processes, while also
providing insights for process
oriented guidance in teaching
conceptual modeling courses;
* reveal that the validation
process pattern (how
validation of models is
performed) in terms of
intended target (general test
vs. targeted test of a specific
behaviour) can potentially
lead to differences in learning
outcomes (not detectable
using purely descriptive
statistics);

* process statistics
demonstrate how PM
techniques can be informative
about learning processes by
suggesting/identifying
perspectives that can be of
further interest to identify
feedback needs and develop
feedback strategies;

» PM techniques can be useful
in suggesting points of interest
for further focus and/or
identifying feedback needs by
making it visually easier to
extract relevant information
from learning process data;

* “zoom” on specific parts of a
process;

* suggest guidelines to
improve teaching practices
and provide process-oriented
guidance for modeling courses
that adopt multi-view
modeling methodologies

the PM and analysis part was
mainly done manually



Sonnenber 2019  Follow-up * Discover models from * No standards and guidelines
g and learning task events' sequences ; for self-regulated learning
Bannert without » consider the sequential settings that would help to
instructional structure of observed better assess the conformance
support behaviour; metrics;
« all events are taken into « Petri net is deterministic;
account to generate an end-to- < high variability of learning
end process model; sequences between subjects: the
* higher level of abstraction; higher the variability in the
* enable to predict future event log, the more challenging
behaviours; it is for a PM algorithm to
« explicitly deals with noise in  generate a single model
the data and helps researchers  describing the observed
to concentrate on the main behaviour;
relations among learning * need to interpret PM patterns
events; with respect to theoretical
* identify process models assumptions;
automatically from event logs, < need of domain expertise
even if large volumes of data
are stored,
« allow to take into account the
sequential structure of
learning events and their
frequency distribution;
* Conformance Checking
indicates which patterns are
transferred, and which
deviations between models
and event logs occurred;
* the output of Conformance
Checking allows a more
detailed view on the
mismatches of the model-log
comparison
Jansetal. 2011  Procurement * Mitigation of internal * PM tools are available but
process (in transaction fraud (fraud quite premature;
particular ~ the detection and fraud + find the balance between
creation of prevention); objectivity and auditor's
purchasing « visualize actual process and  expectations about a specific
orders) deviations; fraud
« monitor internal controls;
* objective and agnostic data;
« identify bottlenecks;
* help the auditor to detect
fraud or other flaws in a much
5 earlier stage
<:(; Jansetal. 2014  Procurement * Identify anomalous * Need to identify a benchmark
process in a transactions not identifiable for the value added of PM;
leading global with conventional audit « ensure cost-benefits criteria;
bank procedures; * gain cooperation and access to

* meta-data recorded
automatically and objectively;
* new forms of analytical
procedure tests;

* reveal as-is processes and
social networks;

« focus on specific deviations

confidential data of the bank



Rodriguez
-Quintero
etal.

2021

Fraud auditing

In

hotel

management:

point of
(restaurant)

sale

* Pattern discovery and
analysis;

» anomalies’ identification;

« extraction and visualization
of useful information from
event logs of the available
system;

* increased audits’
effectiveness;

* provide timely information
to decision makers;

« the entire population is
audited,;

« fraud patterns that were not
detectable using traditional
techniques are discovered,;

* consumption of resources is
reduced;

* no need of a priori model;

« visual inspection to identify
missing and exceptional
activities, and irregular
sequences;

« discover organizational
structure and visually identify
the degree of involvement and
the possible role of the
different originators within the
network containing suspicious
activity;

* identify irregularities
referring to operations
performed outside service
hours and a high incidence of
exceptional product
elimination activities;

« identify workers who
frequently operated outside
service hours and who tended
to execute multiple product
elimination for each check

* Current audit approaches
present shortcomings as regards
the use of the visual capabilities
that support PM techniques;

« it must be possible to associate
sequences of activities that
make up the event log with
instances of the process;

* the auditor must have minimal
knowledge of the business
domain so to make inferences
about the behaviour of the
audited process;

* data preprocessing;

« for unstructured processes, the
visual identification of irregular
behaviours can be difficult



Werner et
al.

2021

Procurement
process in a
world’s leading
audit firms

* Analyse business processes
in an automated manner from
data retrieved in IS;

« increase the reliability of the
audit conclusions;

simprove the robustness of
audit evidence by replacing
manual audit procedures;

» make it possible to process
millions of daily transactions;
* higher speed, accuracy,
objectivity;

* the relationship between
processes and specific
financial accounts can be
visualized and analysed
quantitatively to get an
understanding of how the
balance sheet and income
statement accounts are
composed;

* identify deviations from the
process and analyse the
variants;

« identify the relevant risks of
material misstatements in
financial statements thanks to
reliable information about the
business processes in the
audited entity, their
characteristics and potential
weaknesses;

* operational effectiveness of
internal controls can be re-
performed for all relevant
transactions automatically,
without having to inspect
prepared source documents
manually or to check the
actual implementation of this
control in the source system,
which would require highly
specialized proprietary
knowledge;

* help to evaluate identified
exceptions quantitatively,
identify material weaknesses
and assess the control risk;
*help to determine the impact
on the nature, timing and
extent of further audit
procedures;

* root causes for identified
deviations can be analysed

* The availability of suitable
data for PM analyses is a
critical prerequisite;

* institutional barriers in the
audit profession that impede
innovation;

* uncertainty about whether
novel data analytics and their
application comply with
contemporary audit regulations
is a major concern for decision
maker;

« little guidance related to how
PM techniques can be
conceptually embedded into
financial statement audits and
how this can be done to meet
the requirements of
contemporary audit standards;
* only transactions and internal
controls which have been
recorded in the source systems
can be inspected via PM;

« algorithms used to discover
processes models meet different
quality criteria;

* generation of the event log



Zerbino et 2018  Freight export e« Depth of analysis: collection ¢ Need to combine PM outputs
al. process from a and analysis of the entire with other data sources for a
Port Community population data without any complete and full
System (PCS) sampling need and in a quasi-  understanding;
automatic and less invasive « difficult to interpret
way; unstructured and highly
* casier automation; variables processes;
* detection of process' * need to have full knowledge
deviations and non- about the process and IS before
conformances applying PM;
+ exclusion of potential outliers;
« online IS audits through PM
are not mature yet;
« still need of manual work
Birketal. 2021  Manufacturing * Higher efficiency and * Deal with real and complex
process of effectiveness; processes with many
pneumatic * transparency on process interdependencies and different
solenoid valves  execution; levels of automation;
* holistic analysis of the * preparing the data of the
interlinked processes and sub-  process structure;
processes; * need of cooperation with
* detection and location of process experts for a full
bottlenecks at machine level understanding of the process
by analysing the statistics of and to reach full potential from
the execution times of the PM results;
manufacturing process; » the standardized XES log does
« discover actual process; not allow adequate
* check the conformance of representation of multi-level
the chronological execution interlinked process structure;
sequence between the * PM algorithms are not able to
superordinate and subordinate  analyse all chronological
process levels interdependencies of the
interlinked process structure at
2 its execution;
= » considerable effort and lots of
‘g process knowledge are required
5 for integrating data from several
G data sources at different
= organizational levels into the
event log;
* PM approaches lack
appropriate means to represent
interdependencies between
(sub-)processes within event
logs
Lee et al. 2013  After-assembly  « Automatically extract the » Domain experts' interpretation

block
manufacturing
process  at
shipbuilding
company

a

most frequent task flows from
transport usage histories;

* graphical representation of
the process;

* define a process design
objectively and in a faster and
automated manner;

« detect irregularities;

* automatically capture ‘‘what
is really going on’’ in the
process

is required to determine whether
the output is meaningful;

* blocks that cover various parts
of a ship are obviously
heterogenous and require
different process designs
according to their
characteristics;

* PM results depend on the
assumptions made



Energy and Materials

Ruschel et 2020  Production * Reduction of costs, * Lack of standardization for
al. process in a resources, waste (of time and each specific case;
lathe (CNC  materials); * need the automation of some
machining) * provide objective knowledge  tasks;
installed in  of process behaviour, process ¢ transform increasingly
a plant of the deviations, cycle times and generated data into useful
automotive related costs; information;
industry * continually feeding the « for systems with high
models with new data allows variability and short cycle times,
for a much more dynamic it is necessary to re-feed the
visualization of the process models at short intervals so that
and of its results; new values can be calculated
* PM results are used to periodically for the intervals
establish better intervals between maintenance
between cost-based inspections;
maintenance inspections and « the manual collection and
availability functions, registration of process data may
enabling managers to become impracticable, and
independently check the automation of these tasks is
impact on each function, given expressly required
that the integration of these
functions is performed at a
later stage to reduce costs and
time in connection with
production losses
Greyling 2017  Maintenance * Discovery, exploration and * Gather and extract data;
and Jooste process within a analysis of the actual process; e« need to consider criticality or

petro-chemical
industry

« discovery, exploration and
analysis of inefficiencies and
deviations;

« identify root-causes of
deviations;

* better understanding of real
process;

* no need of data outside the
Information System's event
log data;

* easy visualization of process;
» KPI analysis;

* provide useful insights for
process's improvement;

« shows the time domain
within which processes are
executed, and how activities
and deviations influence the
duration of these processes

importance of activities;

* need of efficient technology;
* need to identify the scope of
analysis



Park et al.

Park et al.

2016

2018

Main  Control
Room crews
exposed to
simulated  off-
normal

conditions in a
Nuclear Power
Plant

Simulated off-
normal

conditions in a
digital main
control room in
a domestic
nuclear  power
plant

* Extract time and spatial
information with respect to a
given workflow;

« visualize information related
to the workflow to be
conducted by Main Control
Room (MCR) crews;

« visualize the order of tasks
performed by the MCR crew
members and which tasks the
processing times are delayed;
« identify which MCR crew
has difficulty in performing a
certain task compared to other
MCR crews;

* clearly identify the catalogue
of response actions with the
associated sequences
illustrating what is done by
MCR crews to cope with the
training scenario;

e visualize the contribution of
each MCR crew member

* Extract key information
needed for the human
reliability analysis in the
digital main control room,
such as the navigation paths of
professional operators, the
number of secondary tasks and
their throughput time;

* identify and visualize more
sophisticated characteristics
such as the strategy of
information navigation with
respect to the competence
level of human operators;

* once the conformity of
information navigation
characteristics is identified, it
is possible to propose a couple
of countermeasures for
improving the associated
information navigation
characteristics, which will be
effective in enhancing the
performance of professional
operators, such as reducing the
amount of secondary tasks to
be imposed on them

« Communication logs are
sequences of communication
records which consist in
timestamps, speakers and their
utterances that must be
processed;

* since the communication logs
also contain natural language,
syntactic analysis may be
required to catch more exact
meaning of its sentences

* Need to corroborate PM
results with other factors that
can affect the information
navigation characteristics of
professional operators;

* secure reliable event logs that
specify how professional
operators actually accomplished
required tasks;

« the use of up-to-date digital
human machine interfaces is the
general tide of the times for the
development of main control
rooms in diverse socio-technical
systems



Pika et al.

2021

Permit to Work
system in an
energy company

* Automatically discover the
actual process from data;

* improvement in data
visualization and
understanding;

« detect inefficiencies,
discrepancies between the
prescribed and actual process
behaviour, risky process
behaviours and employees
associated with them;

* provide actionable insights
for improving occupational
health and safety environment;
« analyse teams' behaviours or
individual employees;

* timely identification of
changes;

* identify process variants;

* identify bottlenecks;

» show how the process
behaviour is evolving

* Lack of standardization for
each specific case;

* investment costs;

« difficult to deal with spaghetti-
like processes;

* the types of PM analyses
performed were tailored to the
characteristics of the process
execution data available

Logistics

Cai et al.

2018

Transportation
logistics service
application in a
cloud platform

» Multi-tenant service
governance could be
continuously archived by
dynamically analysing the
event logs in cloud platforms
automatically;

* provide insights to
dynamically modify strategies
for both operators and
business designers;

* provide insights to improve
both process structure and
execution status;

» comprehensive and visual
models;

* obtain business information
and service execution
information in real time;

* highlight relations between
multiple services

* Data preprocessing before
other tasks to filter and unify
service log collection: PM
technology is dependent on a
log file in a standard format;

« in a cloud environment,
service logs may be extracted
and stored separately because
these services may run on
different servers in a distributed
environment;

* every service simultaneously
generates logs during execution



Knoll et al.

2019

Internal logistics
for a mixed-
model assembly
line

* Identify part-specific and
process-specific root causes;

« discover, analyse and
improve processes with
physical material and
information flow;

« capture the physical logistics
processes and map the event
data created during the
execution of the logistics
process with the logistics
activities automatically;

* the event log enables a long-
term observation;

* higher accuracy;

« the effort to create the
process model is significantly
lower;

« focus on the real behaviour
of the process to identify
potential for improvement;

* identify and prioritize
wasteful processes, transports,
movements, waiting times,
activities and parts for further
and continuous improvements;
* non-standardised activities
and special occurrences could
be identified for further
improvement;

» mapping the activities to the
material flow activities
effectively and efficiently;

« effectively reconstruct value
streams;

 dynamic analysis;

* less effort to record the
processes;

* better decision making

* Data is often not explicitly
recorded as event logs and
significant effort is required to
correlate events and cases to
create event logs;

* existing PM concepts for event
logs, algorithms and
methodologies are not
integrated:;

« a support for a large variety of
individual parts and processes is
missing;

« the task of transforming
logistics event data into event
logs has only be explained for
RFID data;

+ the modelling internal logistics
by automatically mapping event
data to physical logistics
activities is not addressed yet;

« generalised methodologies,
algorithms and concepts within
PM have not been applied yet;

* lack of comprehensive
methodologies for PM in
logistics to support
practitioners;

* data quality and availability



ICT

Wang et 2014 Bulk inward Full insight in the actual * Deal with spaghetti like model
al. cargo handling process executions: order and  processes such as those of
process sequence of activity, logistics services which are
workflow; highly human-centric, flexible,
* logisticians can improve and ~ complex, dynamic;
revise the designed processes; e selection of information on
* logistics process business events;
transparency; * hidden tasks which have no
* PM outputs can improve the  record in the systems (e.qg. a bill
logistics performance and charged manually) might not be
strengthen the internal control ~ monitored;
of the logistics firm; * need of domain experts'
« discover and investigate cooperation both for the
main process flow and selection of performance
subprocesses; indicators and for the
* detect differences between explanations to the analysis
the real and the supposed results before they can be used
logistics behaviour and for decision support;
violations of the logistics * solid logistics process analysis
management policies or requires event logs that meet
regulations; high quality standards;
* view of logistics processes * extracting all the required
from different perspectives activity information for the
and at different level of event log could be challenging
abstraction depending on the for logistics information
scope of analysis; systems without existing
* detection of bottlenecks; specific event logs;
* investigate the impacts of * (data quality and availability
various factors on the logistics  of event logs)
performance;
* duration time for waiting and
loading
Bernardiet 2018 Commercial * Alignment of scenario and * Need of an initial UML-based
al. software system event logs; specification of the system;
(POSIDONIA « calibration and validation of < need of joint experience

OPERATIONS)
, Which is a
customizable
Integrated Port
Operations
Management
System

performance scenario;

* performance predictions of
the impact of a business rule
on the complex event
processing performance in
order to evaluate different
alternative requirements;

* performance assessment:
scalability of the product,
detection of bottlenecks, cost
of a business rule;

* automatic generation of
normative and real models

between engineers and
researchers for clarifying where
to focus the development efforts
for the next releases of
POSIDONIA OPERATIONS;

* PM technigues and tools
require expertise in formal
modeling and analysis;

* need of solutions from the
perspective of software
engineers;

* log pre-processing and trace
filtering are crucial and require
domain knowledge;

« different criteria can be
applied for the filtering;

* ProM main drawbacks in an
industrial setting: limitation of
the size of the logs that can be
fed into and processed by the
tool and lack of documented
API that enable to exploit the
PM solvers as standalone,
without the necessity of the GUI



Huang et 2017  Registration

al. process of a
mobile medical
system

Ozdagoglu 2019  Bug-fixing
and process of a
Kavuncub software product
as1

* Produce adaptive service
composition according to real
execution information;

« discovery of service
composition can enhance
further optimization to
redeploy the services so that
services in the same scene can
be physically deployed in the
same server to reach a better
performance;

« simplify the new process
and the rules defined in
devices;

* service execution relations
can be optimized;

* acceptable time, costs and
flexibility

* Monitor bug-fixing
activities;

* highlights reasons behind
long completion times and
intensities during the bug-
fixing activities;

« detect bottlenecks,
inefficiencies and their root
causes;

* provide insights to cost-
effectively enhance the
process;

* continuously analyse and
visualize workflows of
business operations;

* provide a complete picture of

the actual process
automatically from event logs;
* objectiveness;

* improve organization’s
orientation in BPM standards,
technologies and products;

« results support both
researchers and practitioners
during model and platform
developments for improving
software quality

* Process execution
environment is continuously
changing;

« different versions of
applications are used, making it
difficult to collect data;

* need of data preprocessing;

* privacy issues must be
considered;

* no standard benchmark to
evaluate the performance of
each work, due to the different
focus of area

« Data collection and
preprocessing;

« data extraction in an
applicable format for the
software tools

Automotive

After-sales
customer service
and activities

Bitkowska
et al.

2020

related to
diagnosis, repair
and quality
control of an
authorized
automotive

service station

* Discover and formalize
actual process and its variants;
« identify bottlenecks;

* inspect inefficiencies and
deviations and track them over
time directly;

* enable to manage and
optimize the processes;

« identify the most frequent
variant (happy path);

« analyse the process’s
duration and find outliers

* Need of specific application
software to deploy PM;

* need to integrate PM outputs
with other data for a full
understanding of the process
and for reaching full potential;
* need to have access to the
event logs of specific business
applications



Valerio et 2017

al.

After-sales
process from a
vehicle
assembled by an

* Find out hidden information
on the great amount of data
generated by a multinational
company;

* Previous preparation of data to
use due to low raw data quality;
« the after-sales suffer from a
high reposition cost of parts in

Finance

automotive « discover actual process and dealerships, who do not have a
industry detect deviations and prediction plan of problems on
inefficiencies; vehicles, resulting in an
* provide insights for a better ~ unprepared attendance to solve
preparation and faster a customer’s complaint
response of dealerships when
dealing with a customer
request;
« graphical visualization of the
activities of the process;
* detect most common
problems dealt with by
dealerships in the revisions of
the vehicle and the most
common problems complained
by customers
Beckerand 2019  Compliance * Automatically generate a * Process data must be available
Buchkrem management in process model that reflects the  and exportable in the required
er the risk real-life execution of the format;
management uploaded process; * data privacy regulations must
environmentofa e the real-life execution model  be fulfilled;
financial can be compared to the * planning of PM
institution,  in theoretical process description  implementation;

particular  the
“Annual

Account

Review” (AAR)
process that
regularly control
the accounts of

the credit
customers of
financial

institutions

that is defined in the work
instructions of the institution
to discover potential
discrepancies;

* the user has the opportunity
to select the most suitable
evaluations based on the
purpose of the investigation;
* graphical and easily
understandable representation
of the process;

« discover inefficiencies and
anomalies and investigate
their root causes;

¢ the durations of the
individual process steps can
also be evaluated to discover
potential bottlenecks in the
process chain and suggest
solutions to fix them;

» when discrepancies are
detected, the user can discover
the non-compliant activities
and the responsible persons or
departments;

* data uploaded in real time;

* possible to take immediate
countermeasures

« select the process(es) to be
analysed;
* need to digitalize business
processes



De Weerdt 2013  Back-office * PM techniques are flexible; * Need of cooperation and
et al. process of an e detect inefficiencies, discussion between process
insurance bottlenecks and their root- analysts and organization’s
company causes; experts and management;
« tackle organizational * challenges related to the
challenges by suggesting process-unawareness of the IS
process improvements and that support business processes:
creating a company-wide demanding to extract and
process awareness; convert data to be used for PM
* provide objective insights analysis;
into the actual way of working e difficult to identify the process
of processes and of people by  scope;
data in the event logs; * hard to deal with highly
« foundation on execution flexible and complex
data; environments;
* PM outputs are a valuable * quality of a PM analysis relies
starting point for process on the quality of the input data
improvement or even process
reengineering steps in order to
optimize the business process
at hand,;
* get a complete understanding
of the process by combining
different perspectives;
« internal fraud can be
investigated by making use of
PM techniques
Dogan et 2019  Detection of < Integration of offline and * High variability produced by
al. gender online data; human behaviour (Spaghetti
behaviours in a < discover and analyse effect);
shopping mall customer behaviours from « the usage of Bluetooth
their pathways through data technology to collect data to be
gathered with Bluetooth processed by PM is subject to
technology; some limitations: customers
« generate useful outputs also ~ must allow data sharing with the
for sales and marketing Bluetooth devices;
purposes; * Bluetooth must be pre-
» readily understandable view installed
of the customer paths;
* detect bottlenecks (i.e.
= crowds)
= Hwang 2017  Customer * Provides the topological * Challenging to deal with event
o and Jang pathway structure of the process; logs obtained from human

analysis in a
retail store of a
fashion  brand
using Wi-Fi
signal-capturing
technology

» comprehensive view of the
entire process based on real
events and real time data;

« identify patterns behaviours;
» graphically and logically
present the pathway behaviour
of customers;

* show that the customers’
pathway in the store, sales and
traffic volume can vary by
changing the display

behaviour: highly variable and
complex;

« variation of the Wi-Fi signal
strength may lead to missing
records during data collection,
causing an incomplete event log




Janssenswi 2018  Train rerouting < Require no a priori * Difficult to visually investigate
llen et al. in a Belgian knowledge; all the paths together;
railway network e scalability; « trade-off to select appropriate
« analyses at different level of  abstraction level;
abstraction; * need to discuss with business
« visual representation of the expert for a full understanding
process; of deviations;
S * detect deviations and » extract knowledge from
B investigate their root-causes increasingly generated data it is
‘g and impacts; a complicated task;
& * highlight areas in the railway < each event must be related to
E network where trains have a both a case and an activity
[ higher tendency to diverge
from their allocated route;
* quantify the severity and the
variations of train re-routing;
* PM techniques are
independent on railway
infrastructure, so they can be
reused on new cases
van der 2007 Handling * Identify the main process's * Need to consider realistic
Aalst et al. invoices in one flow and irregularities, characteristics of event logs;
of  the 12 organizational roles and case's < need to interact with people
provincial attributes, suggesting better inside the organization for a

Public sector/administration

offices of the
Dutch National
Public  Works
Department

decision making;

* identify unwanted work
cycles that have a great impact
on the process;

* analyse handling process
from different perspectives for
a full understanding;

* speed up processes

meaningful analysis;

* possible to monitor only
events actually logged;

* people may work around the
system;

* privacy issues;

» most of the PM techniques
make assumptions that do not
hold in practical situations

Source: Authors own work

4.1 Overview of included studies

Research on PM’s applications in real contexts started to increase constantly from 2016 onwards,
reaching a peak in 2018, as shown in Figure 2. This is consistent with previous studies (Emamjome
et al., 2018; Thiede et al., 2018) and may be due to PM’s birth in the late 90’s only and to the fact
that PM has been primarily developed by computer scientists, so that before its concrete adoption
some years of research were fundamental to understand how to implement it fully and develop

improved tools and techniques appealing to different kinds of organizations.



Figure 1.2. PM applications per year
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This influence of PM being born as a computer science discipline at the intersection between data-
science and process-science (van der Aalst, 2016) is also evident in the type of published works: most
articles have been published in the computer science domain, particularly in journals such as “Expert
Systems with Applications” (5), “Applied Sciences” (4) and “Information Systems” (3), as reported

in Table I1I.

Table 1.II1. Number of papers per journal

Journal Papers  Subject area

Applied Sciences 4 Computer Science

Big Data Research 1 Computer Science

Computer Applications in Engineering Education 1 Engineering

Computers in Human Behavior 2 Computer Science

Computers in Industry 1 Computer Science

DEStech Transactions on Engineering and Technology Research 1 Engineering

Empirical Software Engineering 1 Computer Science

Enterprise Information Systems 1 Computer Science

EURO Journal on Transportation and Logistics 1 Decision Science

Expert Systems with Applications 5 Computer Science

Flexible Services and Manufacturing Journal 1 Engineering

Foundations of Management 1 Business, Management and Accounting
Health Information Journal 1 Medicine

IEEE Access 1 Computer Science

IEEE Transactions on Automation Science and Engineering 1 Computer Science
IFAC-PapersOnLine 1 Engineering

Information Systems 3 Computer Science

International Journal of Accounting Information Systems 1 Business, Management and Accounting
International Journal of Advanced Computer Science and 1 Computer Science

Applications

International Journal of Environmental Research and Public 2 Environmental Science

Health

Journal of financial regulation and compliance 1 Business, Management and Accounting
Journal of Intelligent Manufacturing 1 Engineering



Journal of Software: Evolution and Process 1 Computer Science

Journal of Air Transport Management 1 Business, Management and Accounting
Mobile Information Systems 1 Computer Science

Network Modeling Analysis in Health Informatics and 1 Computer Science

Bioinformatics

Procedia CIRP 1 Engineering

Reliability Engineering & System Safety 2 Engineering

Sensors 1 Computer Science

South African Journal of Industrial Engineering 1 Engineering

Studies in health technology and informatics 1 Medicine

The Accounting Review 1 Business, Management and Accounting
Total 43

Source: Authors own work

With the improvement of PM tools and techniques, organizations all over the world have started to
adopt PM to better manage their processes and achieve higher performance levels, primarily through
higher process transparency and efficiency. This is also highlighted by the increasing PM market size,
which is expected to continue to grow till 2030 and actually counts about 40 PM software vendors
(Kerremans et al., 2021). Our analysis reveals that Europe is the continent where PM has been applied
the most (21 papers), followed by Latin America (8), Asia (7) and Australia (2), as reported in detail
in Figure 3.

Figure 1.3. PM applications per country
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Interestingly, we found out that the organization size is hardly specified in the included articles, as it
were considered an uninfluential factor for PM adoption and/or ease of use. As reported in Figure 4,



most PM applications have taken place in large organizations (9), followed by medium (5), SME (2)

and small (1) organizations; however, for the remaining 26 papers there was no specification.

Figure 1.4. PM applications for organizations size
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Regarding the PM software tools adopted, ProM has been the most used one (15), followed by Disco
(12) and their combined use (5). Celonis, though leading the PM market with more than 1,000 clients
and 200 partners (Kerremans, 2019), has been adopted in 3 papers only. Other PM software tools
used are BupaR (2), Palia (2) and PMApp (1), based on the Palia Suite tool. Rebuge and Ferreira
(2012) report on a case that used a PM tool (Medtrix Process Mining Studio) specifically developed
for that case, supported by the use of ProM too, while Werner et al. (2021) report on the use of an
already available proprietary mining tool. For one article we found no explicit software tool’s

information. Figure 5 reports the employed PM software.

Figure 1.5. Adopted PM software
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Concerning the PM algorithms, Fuzzy miner is the most used one (12), followed by the Heuristic
miner (8), the Inductive miner (6) and the Palia algorithm (3). The Alpha algorithm (1) and the Disco
miner (which is a further developed version of the Fuzzy miner) have been used only once each. Other
employed algorithms are the Clustering algorithm (4) and the Directly Follow Graph algorithm (2).

For the remaining studies the adopted algorithm(s) were not specified.

Related to PM tools and algorithms are the PM techniques adopted. Most PM applications focused
on process discovery (40), followed by conformance checking (16), performance analysis (15) and
organizational analysis (15). This is consistent with previous literature and market research reporting
that organizations have implemented PM mostly for process discovery and conformance checking to
improve their processes and better monitor them (Kerremans, 2019; Kerremans et al., 2021). Indeed,
the most striking feature of PM is the discovery of how a business process actually runs in real-time
(van der Aalst, 2022), adopting multiple perspectives such as the control-flow or the case perspective.
In the analysed papers, the most adopted PM perspective is the control-flow one (8), followed by the
case perspective (5) and the time perspective (4). Considering that the resource perspective is implicit
in the organizational analysis, there are 15 papers focusing on this perspective, though not explicitly
saying it. Figure 6 reports the adopted PM techniques in the analysed studies. Other technigues,
applied just once each, are Process Change, Contrast analysis, Dotted chart analysis, and waste

analysis.

Figure 1.6. Adopted PM techniques
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Notes: The Process Discovery is present in all papers, but we considered only those applications where the focus was on Process
Discovery or where it was explicitly mentioned.

4.2 Process mining applications in different sectors

We identified 12 different sectors in which PM has been applied, with the healthcare one leading the
way (12), followed by the audit (5) and education (5) ones. Other sectors where PM has been widely
applied include energy and materials (4), manufacturing (3), logistics (3) and ICT (3). On the other
hand, we found only one PM application in the public sector/administration. Figure 7 reports the

number of papers per economic sector.

Figure 1.7. Number of papers per economic sector
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4.2.1 Healthcare sector

The healthcare sector is the one in which PM has been applied the most, particularly for processes
such as the patients’ journey in Emergency Department (ED) or hospitals to adopt a process-oriented
perspective and perform a thorough healthcare process analysis. For example, PM has been
implemented in an ED (Arias et al., 2020; Duma and Aringhieri, 2020; Ibanez-Sanchez et al., 2019;
Perimal-Lewis et al., 2016; Rebuge and Ferreira, 2012) to discover the patients’ paths served by the
ED and predict the use of the ED resources by each patient. In this way, PM helped to improve
emergency services and assess the quality of time-based ED data sourced from electronic health
records. Also, PM has been applied together with indoor real-time localization systems to analyse
and monitor the patients’ pathways to measure their execution performance level and to shorten the

medical processes’ duration: by using the patients’ distance, healthcare experts were provided with



more visibility on clinical pathways, which contributed to facilitating managerial decisions and

improving healthcare service quality and patients’ satisfaction (Araghi et al., 2018).

PM has been also implemented in sensitive clinical processes: for stroke patients to support
health professionals in the application of Value-Based Technologies and reveal differences in the
treatment of these patients (Ibanez-Sanchez et al., 2019) and for hepatitis patients (Naeem et al.,
2017) to provide an accurate view of the (mostly ignored) biomedical processes and their execution.
Also, PM has been implemented to understand the timeliness of surgery processes from the

management’s viewpoint (Erdogan and Tarhan, 2018) and better manage resources.

In addition, PM has been applied in the patients’ admission process to healthcare services to
evaluate its benefits and extend its adoption to other hospital services (Amantea et al., 2020), mainly
because it allows to perform accurate healthcare process analysis by automatically deriving processes
information from not well-structured data (i.e. “data not registered in standard event log XES

format”), which are actually present in most hospital Process Aware Information Systems (PAIS).

Finally, PM has also been adopted for laboratory tests analyses (Pereira et al., 2020), to
investigate the effects of digital dentistry on the implant value chain (Mans et al., 2013) and to support
the improvement of the diagnostic imaging equipment segment and investigate the benefits of

regulatory compliance with healthcare, financial incentives, and tax-benefit regulations (Duarte,

2020).

4.2.2 Audit sector

PM can be extremely useful in the audit sector, where it can help auditors to gain an objective and
transparent knowledge of the actual processes in real-time and to make better decisions. PM has
proved to help detect, and consequently prevent, deviations, frauds, anomalous transactions and
abuses in the procurement process of leading financial (Jans et al., 2011, Jans et al., 2014) and audit
(Werner et al., 2021) institutions. However, PM has also been implemented in smaller realities, such
as in the fraud mitigation of an hotel management (Rodriguez-Quintero et al., 2021) and in the
process’ deviations and non-conformances detection of a freight export process managed by an
electronic platform for the exchange of information among port stakeholders of a medium-sized port
in the Mediterranean (Zerbino et al., 2018).

4.2.3 Educational sector

PM has found fertile ground in the educational sector, where it has broadly been used to evaluate

students’ performance in learning activities (Baykasoglu et al., 2018) and to support the analysis of



curricular trajectories to prevent students’ drop out (Salazar-Fernandez et al., 2021) and improve
curricula to increase students’ retention (Salazar-Fernandez et al., 2021). In addition, PM has been
implemented to analyse behavioural learners’ data and process-oriented feedback mechanisms to
target feedback needs (Sedrakyan et al., 2016) and investigate the long-term effects of instructional

support on sub-processes of self-regulated learning (Sonnenberg and Bannert, 2019).

4.2.4 Energy and Materials sector

In the energy and materials sector, PM can help better managing resources and reducing costs, but
especially achieving a safer environment for the employees, by reducing the number of incidents and
deaths. For example, PM has been used to investigate the underlying causes behind accidents and
identify patterns that can lead to improve occupational health and safety domain (Pika et al., 2021),
as well as to analyse human operators’ work to identify human errors’ probabilities and incidents to
prevent them and also avoid consequent financial losses (Park et al., 2018). PM has also been used
to assess the work process quality based on communication logs (Park et al., 2016) and to detect and
explore process deviations to seek opportunities for improvement (Greyling and Jooste 2017).

4.2.5 Manufacturing sector

Despite little research on PM applications in the manufacturing sector has been conducted (Birk et
al., 2021), PM can provide substantial benefits to this sector due to the high number of robotic and
automatic activities that can be analysed, tracked, and monitored more accurately and timely. PM has
already been applied to discover the potential for optimising the multi-level interlinked manufacturing
process (Birk et al., 2021), detect and reduce bottlenecks and transportation costs (Lee et al., 2013),
and to reduce production processes’ costs and increase equipment availability and reliability (Ruschel

etal., 2020).

4.2.6 Logistics sector

A relevant sector for PM applications is the logistics one, where it has been used to improve the
internal logistics processes through a continuous recording and evaluation that resulted in a better
management of resources and waste reduction (Knoll et al., 2019). PM has also been adopted to
acquire insights into the dynamics of the actual logistics processes to effectively mitigate the
uncovered risks and create strategic advantages (Wang et al., 2014), as well as to achieve a
comprehensive and continuous service governance in a logistics cloud service platform (Cai et al.,
2018).



4.2.7 ICT sector

The ICT sector can easily benefit from PM adoption, as technology is a common driver of both: in
this context, PM can receive a broader acceptance by the members of the organizations and be rapidly
internalized. PM has been adopted to assess the challenge of new deployments in an intensive
commercial software for ports’ operations (Bernardi et al., 2018), to improve the adaptiveness and
efficiency of the service compositions of mobile medical systems (Huang et al., 2017) and for the
bug-fixing process of a software product for logistics to monitor and improve its quality (Ozdagoglu
and Kavuncubasi, 2019).

4.2.8 Automotive sector

In the automotive sector PM has been primarily used for problems’ detection and prevention. For
example, PM has been used in the after-sales process of vehicles to help dealerships develop a
problem prediction plan and solve it in a shorter time, thanks to the identification of the process
sequences accomplished by customers of a specific vehicle and its related performance (Valerio et
al., 2017). Also, PM has been adopted in activities related to diagnosis, repair and quality control to
explore the passenger car repair process and analyse the repair times concentrating on the type of

repair, the model of the repaired car and the employee repairing it (Bitkowska et al., 2020).

4.2 .9 Financial sector

PM is particularly appealing for the financial sector, where the event logs presence is massive (De
Weerdt et al., 2013. In this sector, PM has been primarily used by insurance companies and global
financial institutions for processes like risk and compliance management to detect compliance with
external and internal regulations (Becker and Buchkremer, 2019), but also for back-office processes
to discover their actual execution (De Weerdt et al., 2013).

4.2.10 Retail sector

PM is highly suitable for the retail sector, as it can provide insights for better and more efficient use
of resources and for strengthening customer relationships through the understanding of consumers’
behaviours and needs. For example, PM has been implemented to investigate customer behaviours
based on gender by using their paths through Bluetooth technology (Dogan et al., 2019) and to
discover shoppers’ pathways by using a Wi-Fi-Base Indoor Positioning System to detect possible
problems (such as overcrowding), improve user experience and offer better quality products (Hwang
and Jang, 2017).



4.2.11 Transportation sector
The transportation sector has been little impacted by PM, where it has been used to explore train re-
routings to support capacity planning decisions and monitoring, improve the punctuality of

operations, satisfy safety requirements and cope with limited capacity (Janssenswillen et al., 2018).

4.2.12 Public sector/administration

Only one article on PM applications in the public sector/administration has been found: van der Aalst
et al. (2007) report on the implementation of PM in the handling invoices process of a provincial
office of the Dutch National Public Works Department to better understand the process’s performance

and identify opportunities to improve it.

4.3 Process Mining benefits and challenges

We found out that PM provides relevant benefits to all kinds of organizations, but troublesome aspects
must be considered before and during its implementation to fully understand and exploit its potential.
In the following paragraphs PM benefits and challenges are reported in detail, while in Table 1V we
report the main benefits and challenges encountered by different organizations, clustered per

economic sector.

Table 1.I'V. Main PM benefits and challenges encountered by organizations, clustered per economic

sector

Sector Main benefits Main challenges

Healthcare Derive accurate and timely Not adequate IS;
information on the patients’ journeys;
Identify and assess critical bottlenecks Difficult to deal with challenging,
and deviations for ad-hoc complex, unstructured, and ad-hoc
interventions healthcare processes

Audit Detect rapidly and objectively Data availability, quality and
deviations, frauds and abuses not preprocessing;
identifiable with conventional audit
procedures;
Higher speed, accuracy, objectivity, Institutional barriers in the audit
depth and reliability of audit analysis; profession that prevent innovation;
Collection and analysis of the entire Little guidance on how PM techniques
population data without any sampling can be conceptually embedded into
need and in a quasi-automatic and less financial statement audits to meet
invasive way contemporary audit standards

requirements
Education Evaluate and compare students’ The high students’ behaviours

performance and behaviours

variability makes it challenging to



Manufacturing

Energy and
Materials

Logistics

Automotive

Retail

ICT

objectively to improve educational
trajectories

Obijective knowledge of process
behaviour, process deviations, cycle
times and related costs;

Continually feeding the models with
new data allows for a much more
dynamic visualization of the process
and of its results;

Reduction of costs, resources and
waste

Detect inefficiencies and
discrepancies between the prescribed
and actual process behaviour, risky
process behaviours and employees
associated with them;

Provide actionable insights for
improving occupational health and
safety environment

Identify and prioritize wasteful
processes, transports, movements,
waiting times, activities and parts for
further and continuous improvements;

Provide insights to both operators and
business designers to dynamically
modify strategies

Discover the actual process and detect
deviations and inefficiencies;

Support capacity planning decisions,
monitoring and safety requirements

Comprehensive view of the process
based on real events and real-time
data;

Generate useful outputs also for sales
and marketing purposes;

Integration of offline and online data

Continuously analyse and visualize
process workflows;

Performance assessment and
prediction;

Simplify and improve the new process
model

generate a single model describing the
observed behaviour;

PM results depend on data accuracy and
completeness

Deal with complex processes with many
interdependencies and different levels
of automation;

PM algorithms are not able to analyse
all chronological interdependencies of
the interlinked process structure at its
execution;

Need of process experts’ cooperation
for a full understanding of the process
and obtain reliable PM results;
Considerable effort to integrate data
from several data sources at different
organizational levels

Need to integrate PM results with other
data and information

Data availability
Lack of standardization for each
specific case

Data is often not explicitly recorded as
event logs and significant effort is
required to create event logs;

Lack of comprehensive PM
methodologies in logistics to support
practitioners

Need of specific application software to
deploy PM;

Need to integrate PM outputs with other
data for a full process understanding

Deal with highly variable and complex
event logs obtained from human
behaviours

Data collection and preprocessing;

No standard benchmark to evaluate the
performance



Finance e Automatically generate a process e  Process data availability, quality, and
model that reflects the real-life exportability in the required format;
process execution; e Data privacy regulations

o Discover inefficiencies, anomalies and
bottlenecks in the process, investigate
their root causes and suggest solutions

to fix them
Transportation e Detect deviations and investigate their e  Trade-off to select the appropriate
root-causes and impacts; abstraction level,
e  PM techniques are context e Process experts’ cooperation for a full
independent, so they can be reused on understanding of deviations
new cases
Public Sector/ e Identify the main process’s flow and e Need to interact with people inside the
Administration irregularities, organizational roles and organization for a meaningful analysis;
case’s attributes, suggesting better e Possible to monitor only events actually
decision making and management of logged;
administrative processes e  Privacy issues

Source: Authors own work

4.3.1 Process Mining benefits

Among the main benefits deriving from PM adoption, 70% of the studies emphasise the possibility
of detecting and analysing process deviations, bottlenecks, inefficiencies, and undesired activities in
real-time and quantifying their impact and responsible persons or departments, thanks to the
discovery of the actual process execution in real-time, highlighted in 58% of the studies. This results
in greater transparency of the executed activities, their sequence and duration, and the human and
material resources involved, providing a complete understanding of the actual processes. Related to
this aspect, 19% of the studies stress the possibility to detect actual processes’ patterns and check if
they agree with the desired process to identify discrepancies or non-conformances, whose root-causes
can be determined and analysed with detailed and objective analyses, as reported in 19% of the
studies. In addition, PM analyses can also help create Key Performance Indicators (KPI) that can be
compared to standard operating procedures, policies, and best practices to improve processes and

achieve higher end-users’ satisfaction.

Another essential feature pointed out in 39% of the studies is the possibility to extract event
logs and process information from raw data routinely stored in the organizations’ IS, which allows to
automatically generate a process model reflecting the real-life execution of the process objectively
and accurately, lowering the effort required to record the process and to create a process model, as
highlighted in 27% of the studies. In addition, 48% of the studies highlight the data visualisation and
process understanding improvement, while 25% mention the possibility to collect and timely analyse
large amounts of data (if not the entire data population) in real-time, which provides great benefits

especially for healthcare and audit processes that entail massive amounts of data. For example, 11%



of the studies state the possibility of analysing and visualising notable occurrences and the most
complicated or time-consuming cases to identify potential risks, resulting in better risk management

and risk reduction, which again is particularly relevant for the healthcare and audit sectors.

Related to it, 17% of the studies highlight the opportunity to continuously and directly monitor
processes in real-time and the consequent benefits of providing insights to dynamically modify
strategies and take immediate and adequate countermeasures (19%). This, in turn, would help to take
corrective actions (17%), identify the potential for improvements and set priorities (25%), thanks to
data-driven and objective decision making (19%) that results in process complexity reduction and
less error-prone and optimised processes. In addition, 19% of the studies emphasize a better
management of resources (human resources, time, materials, costs) and an increased process
efficiency, which translate into more effective processes, costs reduction (13%) and, ultimately, in

better quality processes, goods, and services.

32% of the studies focus on process variants, either for identifying the most frequent ones or
for detecting and comparing all the variants and analysing only the most relevant ones. The possibility
to examine the same process from different perspectives according to the user or the specific purpose
of the study (for example, from an organisational perspective to uncover organisational structures,
roles, and responsibilities, or from a time perspective to analyse throughput times and detect outliers),
or to analyse it at different levels of abstraction, is underlined in 23% of the studies. In addition, 12%
report on the relationships between multiple services, perspectives, and events, thanks to a holistic
analysis of the interlinked processes and sub-processes, while 10% of the studies mention flexibility
as one of the positive aspects of PM techniques, which can adapt to each specific case. For example,
PM can be used with indoor real-time location systems to track customers or patients’ journey, whose
data can be gathered by Bluetooth or Wi-Fi technologies, enabling the integration of offline and online

data and remote diagnostic and servicing, which results in higher customer satisfaction.

Other worth to mention identified benefits, despite being little emphasised in the selected
articles, are the capability of PM tools to allow performance predictions to evaluate the impact of
different alternatives and choose the best one based on accurate and objective data, and the possibility
of encouraging process awareness and digital transformation inside the organization, by improving
the organization’s orientation towards BPM standards, technologies, and products through more
straightforward automation. In addition, PM implementation also provides many organisational
benefits, such as safer working conditions, better communication inside the organization, working

capital optimization, labour productivity increase and higher employees’ satisfaction.



4.3.2 Process Mining challenges

On the other side of the coin, it is necessary to consider some troublesome aspects before and during
PM implementation. 54% of the studies highlight issues related to data quality, availability, and
extraction. As PM relies on event logs that are extracted from organizations IS, the quality of PM
results strongly depends on the quality of these data and on the IS features. In addition, as most real-
time PM analyses are online, the variation of the signal strength or energy interruptions can bias

results and provide incomplete records.

Up to now, most organizations IS are poorly adopted or suitable for performing PM analyses,
which is particularly common into hospitals. In addition, data are often not explicitly recorded as
event logs, so that a significant effort is required to correlate events and cases to create event logs
(Knoll ef al., 2019). Moreover, raw and derived data may be misleading or of low quality, requiring
to be pre-processed (adjusted and filtered) and transformed into event logs before being exported in

a suitable format for PM analyses.

Another data collection related issue regards the IS significant memory that is required to
store vast amounts of data and information to extract knowledge from them (Naeem et al., 2017). A
solution could be to store data in cloud environments; however, this paves the way for another issue,
which is that event logs could be generated simultaneously on different servers and be stored
separately, complicating the data collection and extraction processes (Cai ef al., 2018). One last data-
related limitation highlighted in 10% of the studies regards the noise data and outliers’ treatment: in
some contexts, such as in healthcare, extreme events must be considered and should not be excluded

from the analyses, as they provide extremely relevant information to provide a high-quality care.

An extremely important issue highlighted in 10% of the articles is that only events that are
recorded in the IS can be analysed and monitored with PM: not recorded or non-traceable events can
be left out, affecting the overall results. Consequently, PM outputs must be integrated with other data
sources and experts feedback to get a complete picture of the process, as underlined in 8% of the
papers. In particular, 23% of the studies emphasise the need for cooperation, collaboration, and
discussion between different stakeholders (process experts, process analysts, organization’s
management and workers) to get access to the organization’s data, define the scope of the analysis

and for a complete understanding of the process and a clarification of PM outputs.

42% of the studies emphasise the difficulties in dealing with and interpreting unstructured,
complex, interdependent, highly variable, and sometimes ad-hoc processes that involve a significant
presence of human behaviours and a high number of activities, such as those in healthcare and

logistics. These kinds of processes are also called ‘spaghetti-like’ processes due to their graphical



representation (van der Aalst, 2016), from which identifying all the paths or irregular variants is
extremely challenging. In addition, people inside the organizations may work around the system (van
der Aalst et al., 2007) and some activities still need to be performed manually (Zerbino et al., 2018).
Current PM techniques can neither adequately deal with these processes yet, nor represent and analyse
all the interdependencies among them, so that relevant assumptions must be made, as stated in 8% of

the studies.

In 25% of the studies, the importance and the necessity to carefully plan PM implementation
inside the organization are stressed: according to the scope of the analysis, it is fundamental to select
which process(es) to analyse, which data and information to consider, which techniques to use and
the abstraction level. Implementing a PM project can be arduous, though, since standard PM
procedures, methodologies, and benchmarks are still missing. As stated in 23% of the papers, PM
analyses are case-specific and tailored to the specific process and related data, so that the results
obtained are not generalisable. Practitioners can be confused about how to apply PM tools and
techniques or uncertain whether these comply with current regulations. For example, 6% of the
studies highlight the presence of various and different algorithms, tools, and software for PM analysis,

and 10% of the studies emphasise concerns related to privacy issues and data sharing.

10% of the studies stress that PM tools and techniques require employees to be aware of the
process’s phases and steps and to be trained for correctly applying PM and interpreting its results:
this means that PM is costly in terms of both effort and skills acquisition (Jans et al., 2013), as well
as in terms of investments to digitalise business processes, automatise some tasks and utilize a PM

software, as underlined in 8% of the studies.

5. Discussion and Limitations

5.1 Theoretical implications

With PM discipline development and refinement, an increasing number of organizations worldwide
has started to use PM. Europe is the continent where PM has been applied the most, which can be due
to its birth in the Netherlands with the pioneering work of Prof. Dr. Ir. Wil van der Aalst, godfather
of PM whose research is unvaluable for the development of the PM field. However, PM adoption is
rapidly spreading across the globe and across different kinds of economic sectors, which have mostly
implemented PM for process discovery, conformance checking and performance analysis.

This rapid growth is due to PM potential to discover, analyse, monitor and improve actual

business processes in a more objective and timely manner. In addition, PM allows to identify process



bottlenecks and inefficiencies, as well as their root-causes (Araghi et al., 2018; Birk et al., 2021);
examine the same process from different perspectives according to the user or the specific purpose of
the study (Wang et al., 2014); provide hints to prevent deviations from the best path and optimise the
process (Van der Aalst et al., 2004) and reduce waste of resources (materials, people, time, costs)
(Werner et al., 2021; Erdogan and Tarhan, 2018). It is worth mentioning that organizations from
different economic sectors may benefit more from some PM capabilities with respect to others, as
they involve different kinds of processes and IS maturity. For example, while in the healthcare sector
one of the greatest PM benefits is the possibility to timely and objectively monitor patients’ journeys
through process discovery, for the audit sector one of the most relevant PM benefits is the possibility

to detect frauds and anomalous transactions continuously and identify their root-causes.

However, PM adoption inside organizations also presents some drawbacks, such as the
dependence on data quality and availability (De Weerdt ef al., 2013), the need for cooperation
between different stakeholders (Pereira et al., 2020), the difficulties in dealing with unstructured,
highly complex and variable processes (Wang et al., 2014) and the lack of standard procedures and
methodologies (Pereira et al., 2020). All these challenges must be dealt with to ensure a wider

adoption and a better use of PM techniques.

5.2 Practical implications

In the last decade, PM has started to be increasingly adopted by different kinds of organizations,
revealing as a powerful tool for improved organizational performance and value production.
However, its application has been distinct for each organization, based on the specific level of IS and
process maturity. For example, PM can be extremely beneficial to optimize high impact low maturity
processes (Kirchmer, 2021), while it could be not that relevant for already high mature processes: this
is also suggested by some research papers (da Silva, 2014; dos Santos Garcia et al., 2019; Guzzo et
al., 2021) that state that companies whose processes are explicitly described and supported by existing
IS, but that are complex, flexible and sometimes ad-hoc, like those in the healthcare sector, could

highly benefit from the introduction of PM.

Our results are in line with this consideration, as we found out that PM has been widely
adopted in the healthcare sector, where the highly complex, unstructured, and often ad hoc nature of
healthcare processes is particularly appealing for PM, which can provide a deeper understanding of
them and consequently higher quality care and timely and safer services, with positive impacts on the

healthcare system’s costs and especially patients’ health.



Contrariwise, PM has little been used in the public sector, which could highly benefit from it
thanks to the greater transparency on processes and data-driven and objective decision-making that

could result in better quality services delivery and higher citizens’ satisfaction.

In addition, despite the many benefits PM can provide to organizations, there is still little
guidance on how to apply PM in practice. For example, sectors such as logistics and manufacturing,
whose processes are particularly suitable for PM analyses, have little been investigated yet and lack

standard and tailored methodologies to adopt PM.

Most PM benefits, such as the greater transparency on the actual processes’ execution, the
higher process efficiency, the detection of inefficiencies and bottlenecks, as well as the identification
of potential for process improvement, descend from the possibility to discover and analyse the actual
process in real-time and automatically from the event logs already present in organizations’ IS.
However, this implies that the practical application of PM requires efficient IS and software able to
store data and support business processes. Even though the majority of modern companies have such
kind of systems, many others do not invest in process-oriented management tools: as a matter of fact,
the most used management tools are Enterprise Resource Planning (ERP) systems, which are
accounting-oriented and may be disconnected from other management tools like Workflow
Management (WFM), Customer Relationship Management (CRM), Supply Chain Management
(SCM), Business to Business (B2B) systems, making it difficult to gather from such different data-
sources the data PM needs (da Silva, 2014; Rinderle-Ma and Mangler, 2021). These requirements
may partly explain why PM is still scarcely spread and used mainly by large firms. However, we
found out that the organization size is hardly ever mentioned in the included papers, suggesting it is

not necessarily a critical factor for PM adoption.

5.3 Limitations

This systematic literature review focuses on the implications deriving from PM adoption and use
within organizations, identifying related benefits and challenges. In such a way, it differentiates from
previous research, which mostly concentrated on PM technical features (Rojas et al., 2016; Thiede et
al., 2018; Dakic et al., 2018).

However, some limitations must be mentioned. First of all, we limited our query to Google
Scholar and Web of Science databases only, thus potentially excluding relevant research, despite
Google Scholar being the most comprehensive database. In addition, we narrowed our query to
journal articles only, neglecting practitioners research, business reports and available PM applications

databases. Nevertheless, this is consistent with our research strategy, which aims to identify benefits



and challenges deriving for PM use within organizations, considering either successful or
unsuccessful applications, the last being usually omitted in the abovementioned data sources. This
scientific angle could also explain why we found that commercial tools like Celonis have been little

adopted, contrarywise to academic tools, particularly ProM.

Finally, this literature review has been conducted in 2022, at the beginning of this Ph.D.
project. While potentially outdated, it was the basis to further develop this research.

6. Conclusions and Directions for Future Research

From the systematic literature review, we can conclude that PM comes with relevant benefits for
different kinds of organizations, but also with meaningful challenges that must be dealt with to fully
exploit PM capabilities.

In the following years, PM tools, software, and techniques will continue to develop. At the
same time, PM features will get more recognition, providing a fertile ground for greater PM adoption

in different organizations.

As we found that PM had little been adopted in the public sector, while it could highly benefit
from it due to its potential to analyse and optimise processes more efficiently to better satisfy citizens’
needs, we decided to further investigate this area, exploring PM pre-adoption in public sector

organizations and conducting a case study within a specific public sector organization.

Disclosure statement

The authors report there are no potential conflict of interest to declare.






Chapter 2 Unlocking the promise of Process Mining: shaping

perceptions and impact in the public sector?

Abstract

Worldwide challenges impose public organizations to rethink their processes and satisfactorily meet
citizens’ needs. Process Mining (PM) techniques enable organizations to objectively analyse and
improve their processes, by providing higher process transparency and efficiency. However, extant
literature on PM applications in the public sector reveals there is still limited evidence on the
opportunities and challenges perceived from PM introduction in the public sector, and on PM
potential to enhance public sector digital transformation: this study aims to fill these gaps and it is
among the first attempts to explore PM from civil servants’ viewpoint to investigate their perceptions

of PM opportunities and challenges, as well as the variables that influence these perceptions.

Based on Business Process Management and digital innovation fields of research, we administered a
questionnaire to a sample of Italian civil servants working in different public organizations to
investigate their perceptions of PM opportunities and challenges and the extent to which it can support
public sector digital transformation. A three-level analysis was conducted to inspect findings with
different levels of granularity, and results were analysed both descriptively and quantitatively.

We found a positive attitude towards PM introduction in the public sector, and perceived
opportunities and challenges related to both the technical and the social systems. The triangulation
between close-ended and open-ended questions suggests that PM could be the missing link between
public sector digitalization and digital transformation. These findings can be used by policymakers
to develop the best strategies to introduce PM into public organizations and support its adoption, and

by researchers to further explore PM role in public sector digital transformation.

1. Introduction

Public organizations worldwide are facing unprecedented and continuous challenges that require

them to evolve and adapt quickly to changing conditions and develop innovative approaches to public

2 This chapter has been published as a journal article and can be consulted in its complete and official form here: Racis,
S. and Spano, A. (2024), “Unlocking the promise of process mining: shaping perceptions and impact in the public sector”,
European Journal of Innovation Management, Vol. ahead-of-print No. ahead-of-print. https://doi.org/10.1108/EJIM-10-
2023-0887
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services delivery (De Vries et al., 2018). Especially after the Covid-19 pandemic, institutions globally
acknowledged the need to build a fairer and more resilient economy, which urges public organizations
to digitalize their processes and services to satisfy socioeconomic needs. Digital innovation, which
refers to socio-technical changes due to the use of new digital technologies in businesses (Mendling
et al., 2020), and Information and Communication Technologies (ICT) are critical drivers for

redesigning core processes and developing improved solutions (Navarra and Cornford, 2005).

Digital transformation is tightly connected to digital innovation. It aims at institutionalizing
and embedding new digital technologies into organizations’ daily operations, by changing current
organizational processes, procedures, structures, and services (Vial, 2019). Digital transformation is
thus fundamental for public organizations, which must adopt Information Technologies (IT) not to
merely digitalize their processes, but mostly to integrate them in their structure and culture (Mergel
et al., 2019; Tangi et al., 2021) to achieve overall organizational success (Dremel et al., 2017). In
fact, organizations can be described as complex socio-technical systems (Bostrom and Heinen, 1977),
where new technologies’ adoption has substantial impacts not only on the technical system, but above

all on the organizational and social spheres (Tangi et al., 2021).

However, the introduction of new products, services, processes, and methods allowed by ICTs
in the public sector is not straightforward, as resistance to change, business-as-usual procedures, and
a risk-averse culture are still strongly embedded in public sector entities and workers (Millard, 2013).
Previous studies highlighted that digital transformation’s success in the public sector can be more
likely reached by adequately solving organizational, managerial, IT, and environmental challenges
(Gil-Garcia and Pardo, 2005; Altameem et al., 2006). Public organizations should meet them
considering their internal IT capabilities and resources, their country’s overall IT infrastructure, and
the prevailing IT standards (Osmundsen et al., 2018). In particular, the matching between business
and IT strategies is fundamental for a successful digital transformation journey, together with
elements such as business process re-engineering, leadership support, change management, and
upskilling/reskilling (Legner et al. 2017; Osmundsen et al., 2018). This means that digital
transformation implies a deep redesign of Information Systems (IS), organizational culture,

structures, processes, and people (Nograsek and Vintar, 2014).

As digital innovation, which is intrinsically socio-technical, is changing the way processes are
managed (Mendling et al., 2020), it becomes crucial to understand if Business Process Management
(BPM) methods, tools, and techniques, which combine IT and management research (Dumas et al.,
2018; Vom Brocke and Rosemann, 2015), can be adopted to understand how to govern benefits and

challenges deriving from digital innovation (Mendling et al., 2020). Process Mining (PM) is a BPM



tool that can be used to achieve this goal (Grisold et al., 2020). In fact, PM enables process and
organizational performance improvements through technical changes, but at the same time it concerns
new ways of organizing work, by changes in the organizational structure and culture, processes,
administrative systems, competences, and skills. As such, PM can be the starting point for a well-
designed digital transformation, which implies new technologies and working methods that must be

properly managed and integrated (Sanchez-Segura et al., 2022).

PM has already proved to reduce process complexity and foster digital transformation in a
variety of businesses (Reinkemeyer, 2020). As a matter of fact, PM provides organizations with that
process end-to-end transparency which is fundamental for a successful digital transformation journey
(Henriques, 2020; Reinkemeyer, 2020). First, PM allows to identify process inefficiencies and
understand where and how to intervene to reduce and eliminate them (Badakhashan et al., 2022; van
der Aalst, 2016): this means that potential for process improvement, optimization, digitalization, and
automation become visible. Then, PM supports process changes, both at a technical and
organizational level (Badakhashan et al., 2022). Finally, once processes have been changed, PM
continues to support the organization throughout its digital transformation journey by guaranteeing a
continuous monitoring of these processes, based on objective data (Badakhashan et al., 2022;
Lechner, 2020).

Although PM is only one very specific tool public sector organizations can adopt throughout
their path to digital transformation, it can be synergistically used with other promising technologies,
such as Robotic Process Automation (Geyer-Klingeberg et al., 2018; Reinkemeyer, 2020), and
benefit from artificial intelligence and machine learning advancements (Boenner, 2020). Moreover,
PM features have broader implications. The possibility to analyse processes in a much easier, faster,
and more objective way contributes to changing the way individuals work, as PM allows to verify the
level of conformance of existing with expected processes, singling out where inefficiencies lay and
suggesting areas for improvement (Ferreira, 2020). In addition, PM contributes to increasing
transparency in public organizations, as it helps to highlight where processes are encountering
problems and slowdowns and allows to reconstruct processes starting from objective log data that
show the actual process flow (Cho et al., 2017). Also, such an approach contributes to developing a
“data culture”, which is necessary to feed PM tools and sustain and develop modern public
organizations, for which managing data of various kinds is a strategic asset. As process transparency
and efficiency are two interrelated values obtainable by implementing PM, it is a promising tool to
enhance public sector digital transformation, whose primary objectives include higher process
efficiency and transparency to improve public service delivery and meet citizens’ needs (Mergel et
al., 2019).



For these reasons, we argue that PM could be the missing link between public sector’s
digitalization and digital transformation: to achieve it, public organizations need to thoroughly know
their processes, and PM is meant primarily for this objective. However, digital transformation has
been primarily studied in the private sector: academic literature on how public organizations approach
it is still limited (Mergel et al., 2019), and if and how PM can enhance public sector digital

transformation remains little explored.

This study aims to investigate how civil servants perceive PM benefits and challenges prior
to its adoption to understand in advance those factors that can be stressed for a PM successful
implementation, which is a prerequisite to achieve the expected benefits from digital transformation.
Considering the perspectives of those actively involved in public sector processes provides useful
insights on how to successfully introduce PM and avoid wrong investments and implementation

failures.

By adopting a socio-technical perspective and BPM theory, the present study is led by two
research questions:
RQ1: What opportunities and challenges do civil servants perceive from PM introduction?

RQ2: Can PM help public sector organizations in their digital transformation journey?

Our findings reveal that PM introduction in public organizations is positively perceived by civil
servants, who mostly attribute PM opportunities to governance and technical related elements, while
PM challenges to people and strategic alignment related elements. PM is also believed to support
public sector digital transformation, by mostly optimizing the technical structure of the organization:

this results in improved working conditions and higher quality services delivery.

This paper is structured as follows: in Section 2, we describe the state of the art of innovation,
digitalization, and PM in the public sector; in Section 3, we describe our research design; in Section
4, we present our findings; in Section 5, we provide a general discussion, the implications, and
limitations of this study; in Section 6, we conclude, highlighting our contribution and suggesting the

need for further research.

2. Theoretical Background

Previous studies already emphasised the need to adopt a BPM approach to pursue digital
transformation in government (Fischer et al., 2020), as it focuses on the role of IT to analyse, manage,
monitor, innovate, and redesign business processes (Mendling et al., 2020) to achieve higher

performance levels (Dumas et al., 2018). Governing business processes is essential for every kind of



organization: BPM provides the theoretical and practical methods and tools to achieve higher control,

better performances (Skrinjar et al., 2008), and quickly adapt to changes.

Consistent with contingency theories, which state that good organizational performances
result from the alignment of organizational structure, culture, strategy, people, and technology (Tosi
and Slocum, 1984), to fully benefit from BPM practice it is essential to consider and adequately
combine the six core elements identified by De Bruin and Rosemann (2007): strategic alignment,
governance, methods, IT, people, and culture. These are grounded in academic research (Rosemann
and vom Brocke, 2014) and practice (vom Brocke and Mendling, 2018) and have also been applied

to consider socio-technical changes induced by digitalization (Kerpedzhiev et al., 2021).

Mendling et al. (2020) already spotted the convergence between BPM and digital innovation
research; we argue that the BPM six core elements correspond to those that characterize
organizational transformation in socio-technical systems: process, people, and IS at the technical
level; structure and culture at the social one (Nograsek and Vintar, 2014; Tangi et al., 2021). Table |
reports the convergence between the two streams of research. While the similarity between the two
streams is quite evident for the second part of the table, the BPM elements Strategic Alignment and
Governance are linked to the organizational transformation element Structure because it necessarily
embeds both.

Table 2.I. Convergence between BPM six core elements and organizational transformation

elements
BPM six core elements Organizational transformation elements
(De Bruin and Rosemann, 2007) (Tangi et al., 2021)

Continual tight linkage of
STRATEGIC organizational priorities and
ALIGNMENT enterprise processes enabling
achievement of business
goals.
The organizational structure (level of
STRUCTURE centralization/decentralization of
responsibilities, the hierarchical structure,
and the degrees of flexibility).

It establishes relevant and

GOVERNANCE transparent  accountability
and decision-making
processes to align rewards
and guide actions.




METHODS Approaches and techniques PROCESS The set of activities to transform an input
that support and enable in output and to manage and control the
consistent process actions entire process.
and outcomes.

INFORMATION  Software, hardware, and INFORMATION The technological systems employed for
TECHNOLOGY  information management SYSTEM managing the activities (software,
systems that enable and hardware, and their integration).
support process activities.

PEOPLE Individuals and groups who PEOPLE Employees’ duties, tasks, and
continually enhance and competences needed.
apply their process-related
expertise and knowledge.

CULTURE Collective values and beliefs CULTURE Endorsed values and personal and
that shape process-related collective behaviours.
attitudes and behaviours.

Source: Authors own work, based on De Bruin and Rosemann (2007) and Tangi et al. (2021)

Due to this convergence, we adopted the BPM six core elements to investigate how civil servants
perceive PM opportunities and challenges prior to its adoption and identify its potential to foster
public sector digital transformation, which we believe can be pursued through a process-oriented
approach, together with an effective use of IS and IT. Previous studies on public sector innovation
highlight the strength of IT and process automation to enhance digital transformation (Dremel et al.,
2017; Jonathan, 2020; Kerremans et al., 2020).

However, understanding how processes in organizations are really executed and which ones
can be effectively automated may be challenging. PM helps governing these processes (Kirchmer,
2021), increasing their transparency and visibility (Eggers and Hein, 2020), detecting inefficiencies
and bottlenecks, and identifying potential and priorities for automation (van der Aalst, 2016; Geyer-
Klingeberg et al., 2018; Fernandez et al., 2023). PM can thus sustain digital transformation by
providing a full and objective knowledge of running processes (Reinkemeyer, 2020), which also helps
to identify ownership and accountability, enhance the strategic planning process control function, and

determine and monitor more reliable goals and KPIs (Kirchmer, 2021).

2.1 Digitalization Initiatives in the Public Sector

In recent years, massive investments and initiatives have been made in the public sector to increase
the quantity and quality of services by adopting digital technologies (Alvarenga et al., 2020; Aguilera
Castillo, 2021). Digital transformation enabled by IT initiatives has proved to be successful for those
public organizations that properly changed their strategies, processes, and organizational structures
(Angelopoulos et al., 2010; Nograsek and Vintar, 2014). This choice allowed them to improve their



organizational efficiency, reduce costs, increase productivity, and deliver higher quality services (Gil-
Garcia and Pardo, 2005; Anthopoulos et al., 2016).

However, most digitalization initiatives fail to meet expectations (Anthopoulos et al., 2016;
Jonathan, 2020), as public organizations often lack sufficient funding (Altameem et al., 2006), must
adhere to limited budgetary resources, institutional and legal constraints, political pressures, and
intergovernmental relationships (Damanpour and Schneider, 2009; Altameem et al., 2006), or do not
have the required competencies, skills, organizational structure, and culture (Mergel et al., 2018). In
fact, if on the one hand New Public Management reforms stressed the need for higher competition,
performance standards, monitoring, measurement, flexibility, emphasis on results, and customer-
centricity (De Angelis, 2013), on the other hand they also reduced the capability of many public
organizations to innovate and upgrade their IT infrastructures and services (Mergel et al., 2018), due
to increased disaggregation, competition, and incentives to outsource digital service delivery, which
lessened their skills and capacities to innovate (Dunleavy et al., 2006). Consequently, public
organizations are increasingly shifting towards new approaches to reintegrate digital service
provision in their functions, redesign their processes, and thoroughly consider citizens’ needs

(Mergel, 2016; Mergel et al., 2018).

2.2 Process Mining

PM is a powerful tool to uncover and optimize existing processes by extracting and analysing event
logs from organizations’ IS (van der Aalst et al., 2022). Event logs, which are the fundamental inputs
of PM analyses, are the digital footprints that process activities leave in organizations’ IS (van der
Aalst, 2016). They necessarily include a unique case identifier, the activity performed, and the
timestamp for each process event; other additional attributes may be present (e.g., resources involved,

costs, etc.) depending on the scope of the analysis.

PM exploits both data science and process science disciplines (van der Aalst, 2016), allowing
to (automatically) discover the real execution of processes (process discovery), compare an existing
process model (normative, declarative, descriptive) with an event log of the same process to check
for deviations (conformance checking), and improve and enrich the existing process model with the
results of the performed analyses (process enhancement) (van der Aalst et al., 2012). In addition to
these primary PM types, it is also possible to deploy social network/organizational mining (van der
Aalst et al., 2012), which allows to get a deeper understanding of the human resources involved in
the process and their relationships (Song and van der Aalst, 2008), discover how they really work
(Turner et al., 2012), and detect workarounds or unexpected behaviours (van der Aalst, 2014): this



could be beneficial to the public sector to better assign tasks to civil servants and facilitate
performance evaluation. By delivering higher transparency on process execution and employees’
interactions (Eggers and Hein, 2020), PM enables process efficiency improvements, decreased costs,

and better management of resources (Erdogan and Tarhan, 2018).

Thanks to increasing academic and professional interest, PM capabilities are constantly
evolving: machine learning algorithms and artificial intelligence allow to perform forward-looking
analyses, such as prescriptive process analyses and scenario testing to compare different alternative
processes and verify the impact of specific decisions on the process’s performance, identify the

potential for automating activities, and get real-time notifications and alerts (Kerremans et al., 2021).

Despite its potential, PM initiatives usually require significant financial investments,
stakeholder involvement (Viner at al., 2020), and data available in digital format (Agostini and
Spano, 2021). This latter aspect is extremely important, as data quality and availability are crucial for
robust PM analyses (De Weerdt et al., 2013). Though public organizations collect a multitude of data
in their IS, these are not adequately exploited (Aguilera Castillo, 2021): taking full advantage of
available data could help them foster innovation (Trabucchi and Buganza, 2019) and generate higher

public value.

2.3 Process Mining in the Public Sector

PM has already been applied in different economic sectors, especially in healthcare, ICT, financial
and insurance services, and manufacturing (Thiede et al., 2018; Zerbino et al., 2021; Spano et al.,
2023). Despite being extensively used both in healthcare and education (dos Santos Garcia et al.,
2019), we found limited PM applications in the public sector, where it has proved to be helpful in
optimizing administrative processes (Fahland and van der Aalst, 2015; van Dongen, 2015), improving
cyber-security and software reliability (Macak et al., 2022), as well as in adopting a more citizen-
centred viewpoint (Thiede et al., 2018): this last aspect notably emerged with the diffusion of e-
government web services in many countries (Kalenkova et al., 2017). In fact, citizens willing to
receive a service must perform a sequence of steps, which can be discovered, modelled, and analysed
with PM techniques: this allows to understand and improve service usability (Kalenkova et al., 2017)
and discover relevant interactions between authorities and citizens (Thiede et al., 2018).

PM has been largely applied in the Netherlands, where Dutch municipalities have used PM
techniques to analyse the invoice handling process to validate the organizational mining approach
(Song and van der Aalst, 2008; Reijers et al., 2009) and to highlight main flow, deviations, and
irregular behaviours (van der Aalst et al., 2007). Dutch municipalities also used PM to discover



different variants of a permit process model to update the reference model (Buijs et al., 2012); to
automatically construct simulation models based on real-life event logs (Rozinat et al., 2009); to
verify the value added by PM in the advancement of governmental administration and goal
achievement (Park and Kang, 2016); to effectively detect drifts and changes in event logs (Bose et
al., 2013); to detect anomalies in a municipal household support system (Bezerra et al., 2009). Other
Dutch governmental institutions applied PM to achieve business alignment (van der Aalst, 2005); to
predict relations between activities and provide greater visibility on the analysed process (Maruster
et al., 2006); to redesign business processes (Maruster and van Beest, 2009); to get a broad overview

of the issuing document’s process and reduce time (Bozkaya et al., 2009).

Public organizations have also used PM together with other techniques to improve public
sector processes. Goron and Chesfievar (2016) integrate Hybrid Logics with PM conformance
checking analyses to spot inconsistencies in administrative processes and make them more efficient;
Caron et al. (2013) validate advanced rule-based process analytics on both structured and
unstructured human-centric processes to detect issues and achieve higher assurance levels. In Debois
and Slaats (2015) a declarative process model is developed and qualitatively analysed, highlighting
high levels of flexibility not explainable by parallelism or looping behaviours, while in Sun et al.
(2010) a sequential pattern mining method is tested to find the most frequently used workflows or the

most common sub-sequences candidates for process optimization.

Despite these examples of PM applications in the public sector, to the best of our knowledge,
only a recent study (Fioretto, 2023) links PM to the public sector digital transformation, highlighting
the synergy between PM and Al to improve public administration processes and enhance digital
transformation. Moreover, the literature on PM in the public sector is mainly focused on PM technical
aspects, as it mostly tests and validates its use in practical contexts, reporting advantages and
limitations. No studies have been found that investigate PM applications in the public sector from a
more human-centred perspective, in particular from a civil servants’ viewpoint to explore their
perceptions of PM opportunities and challenges and understand its implementation viability in the
public sector context.

3. Research Methodology

PM can play a key role to effectively digitalize the public sector and promote its digital
transformation. However, academic literature on this relationship is still scarce, likewise the
exploration of civil servants’ perspective towards PM introduction in public sector organizations. To

fill this gap, we first examined previous literature in this field, and then administered a questionnaire



to a sample of civil servants from different segments of the Italian public sector to investigate their
perceptions of PM opportunities and challenges, as well as its potential to enhance public sector
digital transformation.

Answering Martin et al. (2021)’s call for replications of their study within a specific sector or
specific region to extend results, we adopted their list of 30 opportunities and 32 challenges from PM
implementation into organizations to analyse PM expected benefits and challenges among Italian
civil servants. However, we did not use all their items and readapted some of them to fit the research
context. In fact, their list was developed through a Delphi study involving PM experts from academia
and practitioners; as this is not our case, we readapted some questions and deleted those considered
too technical and specific. Also, as the same authors linked their findings to the BPM six core
elements, their list seemed to us a useful guide to develop our research. In Table A of Appendix 2,
we provide the list of PM opportunities and challenges adopted and structured along the socio-

technical and BPM elements.

The questionnaire (Appendix 1) consisted of four sections (demographic aspects, civil
servants’ perceptions of PM opportunities and challenges, innovation gaps, and digital
transformation) and was administered between February and June 2023. We employed a five-point
Likert scale from 1 (Strongly disagree) to 5 (Strongly agree), as it is better able to lessen complexity
in the answers’ choice with respect to seven-or ten-point scales (Brandler et al., 2007). Moreover, to
avoid participants feeling annoyed by the completion of the entire questionnaire, we left free choice
for answering the two open-ended questions relative to innovation gaps and digital transformation at
the end of the questionnaire. To validate the goodness of the questionnaire, we tested it with a pilot
sample of civil servants to receive comments and feedback before administering it to the entire
sample.

We analysed questionnaires’ results both descriptively and quantitatively on Stata, providing
an overview of the expected PM opportunities and challenges in the public sector, and identifying
patterns and factors able to explain them. In particular, we analysed PM opportunities and challenges
at three different levels: at an aggregated level (mean of PM opportunities and challenges’ categories)
to have a global view of how they are perceived; for single categories (mean of each opportunity and
challenge inside each category) to have a more detailed understanding; and for each opportunity and
challenge individually to have a deeper focus. PM opportunities and challenges’ categories are
structured along the BPM six core elements, while single opportunities and challenges are derived
from Martin et al. (2021) list. Following their approach, we also merged the two elements’ Methods

and IT into a single category.



We used different regression models (linear and Tobit models when minimum and maximum
values of the Likert scale were present) to control for gender, age, level of education, job position,
years of work experience in current job position, organization size, and organization type to check if
these variables influence civil servants’ perceptions of PM opportunities and challenges. Concerning
the categorical variables gender, job position, and organization type, the respective reference values
based on which values inside each category are compared are women, employees, and central Public
Administrations (PA). We assumed (and results later confirmed) perceptions would differ depending
on the different job position, which itself influences other variables: to consider this aspect and have

better estimates, we clustered the standard errors for the job position.

These results were also integrated by the qualitative analyses of the two open-ended questions,

which were coded by the authors.

3.1 Data Collection

Since the goal of this study is to understand how civil servants perceive PM opportunities and
challenges prior to its adoption, public organizations involved in this study had not introduced this
tool yet. To receive qualified and reliable feedback, we adopted a purposive sampling technique
(Etikan et al., 2016): we selected civil servants from different types of Italian public sector
organizations, who attended a series of lectures given by academics and consultants on process
analysis and PM and had the opportunity to have their hands on a specific PM software. More in
detail, some 30% of respondents are from local administrations (municipalities, provincial and
regional governments), 20% from central administrations (national ministries), 16% from healthcare
organizations, 22% from regional and national agencies, 10% from universities and 7% from other
types of public organizations (such as Chambers of Commerce). The surveyed individuals who filled
out the questionnaire hold different roles, such as managers, officers, employees, or officials with
specific assignments (office holders). The main differences are that managers are responsible for
managing groups or teams of individuals, such as officers and employees. The difference between
officers and employees is based on a different set of responsibilities and duties.

In this way we were able to administer the questionnaire to civil servants with some level of
knowledge of PM, including its potential benefits and critical aspects. This procedure provided us
with more reliable results than in the case of transferring basic knowledge on that tool to them and

asking questions afterwards (Lazar ef al., 2017).

3.2 Research Context

This study focuses on Italy, as this country devoted the most consistent amount of investments from



its National Recovery and Resilience Plan (NRRP) to digitalize and simplify its public administration,
compared to other European countries (European Commission, 2022). Specifically, two main
programs are meant to promote public sector digital transformation: 1) Digital services and digital
citizenship, with the goal of digitalizing public administration and strengthening artificial intelligence
and deep-tech solutions; 2) Digital services and digital skills, with the aim of increasing digital skills
by training and digital inclusion projects (Di Mascio et al., 2022). In addition, a recent reform
introduced the “Integrated Plan of Activities and Organization” (PIAQO), which devotes significant

attention to process analysis and re-engineering (Decree Law n. 80 of 2021).

4. Data Analysis and Results

We administered the questionnaire to 294 civil servants, obtaining a response rate of 54%. After
removing incomplete answers, the final response rate was equal to 41% (122 complete answers). In
Table Il, sample characteristics are reported: most of the sample is of female sex (68.03%), older than
50 years (53.28%), highly educated (87.71%), and with more than 20 years of job experience (41.8%).
Interviewed civil servants mostly work as officers (61.48%), in large organizations (53.28%), and in
local PA (28.69%).

Table 2.I1. Sample characteristics

Sample characteristics Frequency Percent
Gender Female 83 68.03
Male 39 31.97
Other 0 0
Age <35 1 0.82
36-40 4 3.28
41-45 17 13.93
46-50 35 28.69
51-55 27 22.13
>55 38 31.15
Highest level of education Undergraduate diploma 9 7.37
Bachelor 6 4.91
Master 64 52.46
Postgraduate courses/PhD 43 35.25
Job position Manager 17 13.93
Officers 75 61.48
Office holders 7 5.74
Employees 15 12.30
Other 8 6.56
Years of experience in current job <5 30 27.87

position 5-10 7 5.74



11-20 34 24.59

>20 51 41.8
Organization size <10 5 4.10
10-50 20 16.39
50-100 15 12.30
100-250 17 13.93
>250 65 53.28
Type of public organization Central Administrations 25 20.49
Local Administrations 35 28.69
National Agencies 5 4.09
Regional Agencies 18 14.75
Healthcare Organizations 19 15.57
Universities 12 9.84
Other 8 6.56

Source: Authors own work
At an aggregated level, 95.08% of civil servants agree (41.8% moderately agree, 53.28% strongly
agree) with the suggested PM opportunities, while 75.41% agree (59.84% moderately agree, 15.57%
strongly agree) with the suggested PM challenges. Figure 1 reports the level of agreement for PM
opportunities and challenges in the population sample, at an aggregated level.

Figure 2.1. Level of agreement for PM opportunities and challenges at a general level
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Notes: Values starting from 0.5, with interval width equal to 1 to consider continuous values.



On average, participants quite strongly perceive (4.39) opportunities from PM introduction in the
organization they work for (Table IlI), particularly those related to Governance (4.58) and
Methods/IT (4.48) (Table B, Appendix 2). Regarding PM challenges, these are, on average, not so
strongly perceived (3.84) by civil servants (Table IlI), except those related to People (4.17) and
Strategic Alignment (3.99) (Table C, Appendix 2).

Table 2.I1I. Level of agreement for PM opportunities and challenges at an aggregated level

Variable Mean Std. dev. Min Max
PM Opportunities 4.397473 .6083007 1 5
PM Challenges 3.844098 .6756728 1.406667 4.8

Source: Authors own work

Figure 2 and Figure 3 show the average level of agreement for single categories of PM opportunities
and challenges, respectively. Interestingly, the least perceived opportunity (4.07) and the most
perceived challenge (4.17) are both related to People, while the least perceived challenge (3.55) is
related to Culture, as if civil servants were aware of their lacking competences, but confident of being

culturally ready for PM introduction in their organization.

Figure 2.2. Average level of agreement for single categories of PM opportunities
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Figure 2.3. Average level of agreement for single categories of PM challenges
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According to the level of analysis, sociodemographic and organizational variables differently

influence civil servants’ perceptions of PM opportunities and challenges.

At an aggregated level (Table D, Appendix 2), only two variables have an influence on both
PM opportunities and challenges: job position, as employees perceive PM challenges more than
officers and managers, while also perceiving PM opportunities more than office holders; organization
type, as civil servants working in central PA perceive PM challenges more than those working in
regional agencies, healthcare organizations, and organizations “Other” (such as Chambers of
Commerce), and at the same time they also perceive PM opportunities less than those working in
local PA, national agencies, and healthcare organizations. Instead, gender is only relevant for PM

challenges, as men perceive them more than women.

Inspecting PM challenges and opportunities for single categories, all control variables are
relevant to at least one category, except for job experience, whose coefficient is never significant.
Moreover, also at this level of analysis, the most relevant variables influencing civil servants’
perceptions of PM opportunities and challenges are the job position and the organization type: at a
glance, employees perceive PM challenges more than other workers, particularly managers, while
PM opportunities less than officers and those with a role “Other”. On the other hand, civil servants

working in central PA perceive PM challenges more than those working in other types of



organizations, particularly healthcare ones, and PM opportunities less than those working in

healthcare organizations and local PA.

Looking at PM challenges for single categories (Table E, Appendix 2) in details, those related
to Strategic Alignment are influenced by age, gender, job position, and organization type. These
challenges are more perceived by younger workers, men, employees with respect to managers, and
by civil servants working in central PA with respect to those working in national agencies, healthcare
organizations, and organizations “Other”. PM challenges related to Governance are influenced by the
level of education, job position and organization type, being more perceived by highly educated
workers, employees with respect to officers, managers, and those with a role “Other”, and by civil
servants working in central PA with respect to those working in local PA, regional agencies,
healthcare organizations, and universities. PM challenges related to Methods/IT are influenced by
age, job position, organization size, and organization type: these challenges are more perceived by
younger workers, those with a role “Other” with respect to employees, by civil servants working in
small organizations and by those working in central PA with respect to those working in local PA,
regional agencies, healthcare organizations, and universities. PM challenges related to People are
influenced by gender, job position, organization size, and organization type: these challenges are
more perceived by men than women, by employees with respect to managers, by civil servants
working in small organizations, and by those working in central PA with respect to those working in
healthcare organizations. Finally, PM challenges related to Culture are influenced by age, gender, job
position, and organization type, being more perceived by younger workers, men, employees, and by
civil servants working in central PA with respect to those working in local PA, national and regional

agencies, and organizations “Other”.

Overall, PM challenges are mostly influenced by job position, organization type, age, gender,
and organization size; the level of education is only relevant for those related to Governance, which
are more perceived by highly educated workers.

Employees perceive all PM challenges more than other workers, except for those related to
Methods/IT, which are more perceived by those with a role “Other”. However, as the category
“Other” is quite generic, we can state that employees are the most afraid of PM introduction (they
also report the highest level of agreement for the PM challenge “Resistance to change”) which is
consistent with much of the literature on ICT introduction in the public sector (Oschinsky et al., 2021;
Tangi et al., 2021). Civil servants working in central PA perceive all PM challenges more than those
working in other types of organizations, particular healthcare organizations, local PA, and regional

agencies, which may be due to the higher complexity, bureaucracy, and less flexibility that



characterize them (Bannister, 2001; Bertot et al., 2016). On the other hand, civil servants working in
small organizations perceive PM challenges related to Methods/IT and People more than those
working in large organizations; this may be due to lack of adequate resources in terms of both
technical infrastructure and competences (Lee and Xia, 2006), which also emerges from the findings
concerning PM challenges individually considered: they perceive the most the PM challenges
“Insufficient skills to use and understand PM” and “Lack of management support for PM

implementation”, as described in the following paragraphs.

Generally, men perceive PM challenges related to Strategic Alignment, People, and Culture
more than women, which may be due to their higher orientation towards individualistic tasks and
achievements with respect to women, who are more people-oriented (Venkatesh et al., 2000).
Younger workers perceive PM challenges related to Strategic Alignment, Methods/IT, and Culture
more than older workers, which may be explained by the fact that younger individuals are more used
to new technologies, so they are better able to recognize both their advantages and critical aspects,
but at the same time they are also less knowledgeable with the organization strategies, structure, and

processes (Meyer, 2011).

Regarding single categories of PM opportunities (Table F, Appendix 2), those related to
Strategic Alignment are influenced by job position and organization type: officers and those with a
role “Other” perceive these opportunities more than employees, while civil servants working in local
PA and healthcare organizations perceive these opportunities more than those working in central PA.
PM opportunities related to Governance are influenced by gender, job position, and organization type,
being more perceived by women, employees, and civil servants working in healthcare organizations
with respect to those working in central PA. PM opportunities related to Methods/IT are influenced
by job position, organization size, and organization type: officers and those with a role “Other”
perceive these opportunities more than employees, who perceive them more than office holders.
These opportunities are also more perceived by civil servants working in small organizations, and by
those working in local PA, national agencies, healthcare organizations, and universities with respect
to those working in central PA. PM opportunities related to People are influenced by gender, age, job
position, and organization type. These opportunities are more perceived by women, older workers,
officers with respect to employees, and civil servants working in central PA with respect to those
working in organizations “Other”. Finally, PM opportunities related to Culture are influenced by
gender, level of education, job position, and organization type, being more perceived by women,
highly educated workers, employees with respect to officers and office holders, and civil servants
working in healthcare organizations with respect to those working in central PA.



Overall, PM opportunities are mostly influenced by job position, organization type, and
gender. Age, organization size, and the level of education are only relevant for PM opportunities
related to People, Methods/IT, and Culture: the first ones are more perceived by older workers, the
second ones by civil servants working in small organizations, and the last ones by highly educated

individuals.

Generally, women perceive PM opportunities related to Governance, People, and Culture
more than men, which may be due to their higher process-oriented attitude and propensity to prioritize
long-term and interpersonal goals (Venkatesh et al., 2000). Employees perceive PM opportunities
related to Governance and Culture more than all other roles, and officers and office holders,
respectively, while those related to Strategic Alignment, Methods/IT, and People less than officers
and those with a role “Other”. This may be due to employees’ fear of change, such that they perceive
less those PM opportunities related to changes in the way of working, but more those related to
changes in Governance and Culture, which may improve the organizational atmosphere in a
bidirectional way. Except for those related to People, which are more perceived by civil servants
working in organizations “Other”, civil servants working in central PA perceive all PM opportunities
less than those working in other types of organizations, particularly healthcare organizations. This
may be due to the peculiarities of healthcare organizations, which are usually more open to new
technologies adoption and organizational approaches to guarantee high standards’ quality to patients.
For example, healthcare organizations have been the first public organizations to introduce New
Public Management concepts and practices, such as accountability or performance measurement
systems, to achieve a Clinical Governance system able to jointly meet quality and economic

sustainability objectives (Fusco, 2023).

We also analysed each PM opportunity and challenge individually (Tables G and H, Appendix
2). For clarity of exposition, we here report the analyses for only those with the highest levels of
agreement. The most perceived PM opportunities refer to data management support, process
inefficiencies identification, increased process transparency, digital transformation enhancement, and

business process comparison inside the organization.

On the other hand, the most perceived PM challenges refer to lack of interdisciplinary and
cross-functional teams, insufficient implementation guidance, insufficient competences and skills to
use and understand the tool, and resistance to change. Also, as the role of managers is crucial for
positively affecting innovation adoption (Damanpour, 2018; Moon and Norris, 2005), one of the most
perceived PM challenges is related to lack of management support for PM implementation. Other



relevant PM challenges refer to PM benefits and potential misunderstanding and insufficient data-

oriented approach.

The most perceived PM opportunities and challenges are both related to the BPM element
Governance: this suggest that this BPM element is crucial for a successful PM implementation in the
public sector and must be carefully managed. Table IV and Table V report the most perceived PM

opportunities and challenges, respectively.

Table 2.IV. Synthetic representation of the most perceived PM opportunities

BPM elements PM Opportunities Average level of
agreement
Governance Supporting data management (O.1) 4.72
Methods/IT Identifying business process inefficiencies (0.2) 4.70
Enhancing business process transparency (0.4) 4.62

Enabling business process comparison and benchmarking inside  4.59
the organization (0O.5)

Strategic Alignment Supporting digital transformation (O.3) 4.64

Source: Authors own work

Table 2.V. Synthetic representation of the most perceived PM challenges

BPM elements PM Challenges Average level of
agreement
Governance Lack of interdisciplinary and cross-functional teams (C.1) 4.18
Missing implementation guidance (C.2) 417
People Insufficient skills to use and understand PM (C.3) 4.17
Strategic Alignment Lack of management support for PM implementation (C.4) 4.10
Culture Resistance to change (C.5) 4.06

Source: Authors own work

The majority of the most perceived PM opportunities are related to Methods/IT, while none of the
most perceived PM challenges is related to it. On the contrary, among the most perceived PM
opportunities elements related to People and Culture are absent, while they are present among the
most perceived PM challenges. These results are similar to those in Martin et al. (2021), where they
explain the higher number of opportunities related to Methods/IT with the spread perception of PM
as a technical practice, while the higher number of challenges related to other BPM elements

compared to opportunities with the PM increasing maturity.



We performed Tobit models to check for significance and relevant variables (Tables | and J,
Appendix 2). Concerning the most perceived PM opportunities, “Supporting data management” (O.1)
and “Enhancing business process transparency” (0.4) are both influenced by job position and
organization type: the first opportunity is more perceived by employees with respect to other workers,
and by civil servants working in healthcare organizations with respect to those working in central PA;
instead, office holders and managers perceive the second opportunity less than employees, while civil
servants working in local PA, regional agencies, and universities perceive it more than those working
in central PA. “Identifying business process inefficiencies” (0O.2) is influenced by organization type,
organization size, gender, and job position: this opportunity is more perceived by civil servants
working in small organization, by those working in national agencies and healthcare organizations
with respect to those working in central PA, by women with respect to men, and by employees with
respect to office holders and those with a role “Other”. “Supporting digital transformation” (O.3) is
only influenced by job position: officers and those with a role “Other” perceive this opportunity more
than employees. Finally, “Enabling business process comparison and benchmarking inside the
organization” (0O.5) is influenced by gender, job position, and organization type, such that men
perceive this opportunity less than women, employees perceive it more than office holders, and civil
servants working in national agencies and healthcare organizations perceive it more than those

working in central PA.

Overall, these opportunities are mostly influenced by job position and organization type, while
gender and organization size are less frequently relevant, though the PM opportunities O.2 and O.5
are less perceived by men than women, and the opportunity O.2 is more perceived by civil servants
working in small organizations. Generally, employees perceive the PM opportunities O.1, 0.2, O.4,
0.5 more than other workers, while less the PM opportunity O.3, which is more perceived by officers
and those with a role “Other”. This may be explained by the fact that employees are more resistant to
change: as 0.3 is related to dramatic changes with respect to the other four PM opportunities, which
are more process performance oriented, employees may be more myopic towards it. Consistent with
previous results, civil servants working in central PA perceive these PM opportunities less than those
working in other organization’s types; in particular, they perceive the PM opportunities O.1, 0.2, 0.4,
and O.5 less than civil servants working in healthcare organizations, which are typically more open

to change and innovations (Fusco, 2023).

Regarding the most perceived PM challenges, “Lack of interdisciplinary and cross-functional
teams” (C.1) is influenced by job position and organization type: managers and those with a role
“Other” perceive this challenge more than employees, and civil servants working in central PA

perceive it more than those working in national agencies, but less than those working in organizations



“Other”. “Missing implementation guidance” (C.2) is influenced by age, years of work experience in
current job position, job position, and organization type: this challenge is more perceived by younger
workers and those with more years of work experience, by employees with respect to other job
positions (except those with a role “Other”), and by civil servants working in central PA with respect
to those working in local PA, regional agencies, healthcare organizations, and universities.
“Insufficient skills to use and understand PM” (C.3) is influenced by job position, organization size,
and organization type: this challenge is more perceived by civil servants working in small
organizations, by employees with respect to managers, and by central PA with respect to healthcare
organizations. “Lack of management support for PM implementation” (C.4) is influenced by gender,
job position, organization size, and organization type, such that this challenge is more perceived by
civil servants working in small organizations and men. Also, employees perceive it more than
managers, but less than office holders and officers, and civil servants working in central PA perceive
it more than those working in national agencies and healthcare organizations, but less than those
working in local PA. Finally, “Resistance to change” (C.5) is influenced by gender, age, job position,
and organization type: this challenge is more perceived by highly educated individuals, by men, by
employees with respect to officers, managers, and those with a role “Other”, and by civil servants

working in central PA with respect to those working in local PA and national agencies.

Similar to the most perceived PM opportunities, the variables that mostly influence the most
perceived PM challenges are the job position and the organization type. Gender only influences C.4
and C.5, such that men perceive these challenges more than women, while the organization size only
influences C.3 and C.4, such that these challenges are more perceived by civil servants working in
small organizations. Generally, all these PM challenges are more perceived by employees and by civil
servants working in central PA, which is consistent with the findings at more aggregated levels. In

Table VI we report a summary of the main findings and relationships with key control variables.



Table 2.VI. Summary of the main findings and relationships with key control variables

Level of Relevant variables Description
analysis
= Job Position Employees perceive PM opportunities more than other
£ Organization workers, particularly office holders.
o0 Type Civil servants working in central PA perceive PM
‘9:3 opportunities less than other workers.
<
Job Position Employees perceive PM opportunities related to Governance
g > Organization and Culture more than other workers.
= S Type Civil servants working in central PA perceive all PM
*E g Gender opportunities’ categories less than other workers, particularly
=3 O those working in healthcare organizations.
8- Women perceive PM opportunities related to Governance,
= People and Culture more than men.
a
_ Job Position Employees perceive all of the most perceived PM
S Organization opportunities more than other workers, except for the one
-E Type related to the digital transformation (O.3).
"g Civil servants working in central PA perceive all of the most
= perceived PM opportunities (except for O.3) less than other
workers, particularly those working in healthcare
organizations.
3 Job Position Employees perceive PM challenges more than other workers,
‘bc% Organization particularly officers and managers.
% Type Civil servants working in central PA perceive PM challenges
j:ﬁ Gender more than other workers.
Men perceive PM challenges more than women.
Job Position Employees perceive all PM challenges’ categories more than
Organization other workers.
g Type Civil servants working in central PA perceive all PM
::f 2 Age challenges’ categories more than other workers.
= gﬁ Gender Younger workers perceive PM challenges related to Strategic
5 S Organization Alignments, Methods/IT and Culture more than older ones.
s Size Men perceive PM challenges related to Strategic Alignment,
~ People and Culture more than women.
Civil servants working in small organizations perceive PM
challenges related to Methods/IT and People more than those
working in large organizations.
Job Position Employees perceive all of the most perceived PM challenges
Tg Organization more than other workers, except for the one related to the lack
-'g Type of interdisciplinary and cross-functional teams (C.1).
"é Civil servants working in central PA perceive all of the most

perceived PM challenges more than other workers.

Source: Authors own work

4.1 Open-ended Questions

Results from the two open-ended questions allow to deeply understand challenges preventing
innovation in the public sector, and the role of PM in fostering public sector digital transformation

(for coding details see Tables K and L, Appendix 2).



Regarding challenges to innovation in the public sector, internal challenges, especially
cultural and structural ones, are the most emphasised, as Table VII shows. However, also external
challenges like excessive bureaucracy, institutional aspects, and political pressures, are frequently

mentioned.

Table 2.VII. Perceived internal challenges preventing innovation in public organizations

Organizational transformation elements BPM six core elements
STRATEGIC ALIGNMENT
Low foresight

Resource management
STRUCTURE Decision-making
GOVERNANCE
Hierarchical structure
Managerial competences

Privacy concerns

PROCESS/IS METHODS/IT
Data quality

Process quality

PEOPLE PEOPLE
Staff characteristics

Personnel skills

CULTURE CULTURE
Resistance to change
Open-mindedness
Technology Readiness Level
Sharing-oriented organizational culture

Control aversion

Source: Authors own work

While PM challenges related to Culture are the least perceived, it seems that when asking about
general challenges that prevent innovation in the public sector, the most perceived problems are
instead related to Culture: especially to ‘Resistance to change’, which is coherent with results
specifically referred to PM. Civil servants generally perceive critical aspects more at the social than
at the technical level: this is consistent with previous studies (Tangi et al., 2020; Mergel et al., 2019)
that state that when introducing innovation, changes in the technical system (digitalization) are faster
than those in the social system (digital transformation). As for PM the least perceived challenges are

related to Culture, it really seems that PM could be the missing link between digitalization and digital



transformation of the public sector.

Regarding civil servants’ perceptions of PM as a support for public sector digital
transformation, civil servants report positive synergies between the two, highlighting that PM can
accelerate digital transformation by optimizing and standardizing processes, helping decision-making
regarding investment strategies, and by improving organizational culture and working conditions, as
Table VIII shows.

Table 2.VIIIL. PM potential to support public sector digital transformation

Organizational transformation elements BPM six core elements
STRATEGIC ALIGNMENT

Investment strategies
STRUCTURE GOVERNANCE
Data management

Accountability

PROCESS/IS METHODS/IT
Processes standardization
Process mapping
Positive synergies between PM and digital transformation
Process efficiency

Data use

PEOPLE PEOPLE
Personnel improvement

Personnel working quality

CULTURE CULTURE
Sharing-oriented organizational culture

Human approach

Source: Authors own work

In particular, PM is considered as a digital transformation accelerator able to thoroughly increase
organizational efficiency, by supporting data management and decision-making, enhancing business
process transparency through the identification of business process inefficiencies, and enabling
business process comparison inside the organization, which also helps identifying and sharing best
practices. This translates into more efficient processes, higher quality services delivery, and

consequently higher citizens’ satisfaction.



5. Discussion

Our results suggest that PM is generally positively perceived by civil servants, who mostly perceive
PM opportunities related to Governance and Methods/IT, while mostly feel PM challenges related to
People and Strategic Alignment. Interestingly, the most perceived PM opportunities and challenges
individually considered are both related to Governance, which highlights that transparency and
accountability are crucial for a PM successful introduction in the public sector. Answering RQ1, the
most perceived PM opportunities are related to data management support, detection of process
inefficiencies, business process transparency, digital transformation, and internal benchmarking. On
the other side, the most perceived PM challenges are related to lack of cross-functional teams and
management support, missing implementation guidance, insufficient skills to use and understand PM,
and resistance to change. All these PM challenges also recur in the open-ended answers to the main

problems that prevent innovation in public organizations.

Among the most perceived PM opportunities and challenges individually considered, an
inverse pattern emerges: the majority of the most perceived PM opportunities refer to Methods/IT,
while elements related to People and Culture are absent; on the contrary, these are present among the
most perceived PM challenges individually considered, while none of these is related to Methods/IT.
This reflects results for PM opportunities and challenges for single categories and highlights that PM
is considered mostly as a technical tool (Martin et al., 2021) that can holistically improve processes
efficiency; a better understanding of how people and culture related elements influence PM adoption

would allow to develop proper strategies for its introduction in the public sector.

Answering RQ2, the triangulation with the open-ended questions confirms that PM can
support public sector digital transformation, as civil servants believe it can support data management
and decision-making regarding investment and organizational strategies, thus complementing
digitalization projects, enhancing process transparency, efficiency, and standardization, and

improving organizational performances and working conditions.

5.1 Theoretical Implications

This paper is among the first attempts to explore PM from civil servants’ viewpoint to investigate
their perceptions of PM opportunities and challenges, as well as the variables that influence these
perceptions. Also, this paper tries to fill the existing gap in the literature regarding how PM can
promote public sector digital transformation. The triangulation between close-ended and open-ended
questions suggests that PM could be the missing link between digitalization and digital transformation

of the public sector, which could be further investigated by other studies. As a matter of fact, while



civil servants strongly perceive cultural challenges to the introduction of innovation in general, these
are not really perceived for what concerns PM introduction: PM could promote public sector
digitalization, and at the same time enhance its digital transformation. By converging BPM and digital
innovation fields of research, we found a positive attitude towards PM introduction in the public

sector, and perceived opportunities and challenges related to both the technical and the social systems.

The three-level analysis provides a funnel view to explore PM opportunities and challenges
with different levels of detail. Adopting a top-down approach, job position and organization type are
the most relevant variables influencing civil servants’ perceptions of PM opportunities and
challenges. In particular, PM challenges are generally more perceived by employees, who also
perceive PM opportunities related to Strategic Alignment, Methods/IT, and People less than officers
and those with a role “Other”. Also, civil servants working in central PA perceive all PM challenges
and all PM opportunities (except for those related to People) more and less, respectively, than those
working in other types of organizations, particularly healthcare organizations. Digging down, it
emerges that women perceive PM opportunities more than men, especially those related to
Governance, People, and Culture, who instead perceive more PM challenges, particularly those
related to Strategic Alignment, People, and Culture. These results and the higher level of agreement
for the PM challenge “Resistance to change” show that men are less prone to change than women,
despite previous works suggesting that women are more risk averse than men (Venkatesh et al., 2000;

Croson and Gneezy, 2009).

Variables considered relevant for the introduction of new technologies in organizations, such
as age, level of education, years of job experience, and organization size (Damanpour and Schneider,
2009; Tangi et al., 2021) do not appear to be highly relevant in this study: older workers perceive PM
opportunities related to People more than younger ones, but PM challenges related to Strategic
Alignment, Methods/IT, and Culture less than them; highly educated workers perceive PM
opportunities related to Culture and PM challenges related to Governance more than the less educated
ones; civil servants working in small organizations perceive PM challenges related to Methods/IT
and People, and PM opportunities related to Methods/IT, more than those working in large

organizations; years of job experience is never relevant.

The last level of analysis highlights that the most perceived PM challenges and opportunities
individually considered are both more perceived by employees, while civil servants working in
central PA perceive more the first ones and less the second. These findings suggest interesting
relationships that can be further investigated to discover specificities in civil servants’ perceptions of

PM in the public sector context, which are not explored in the literature.



5.2 Practical Implications

This paper contributes to understand how PM is perceived by civil servants to decide whether this
tool can be successfully introduced in public sector organizations and to what extent it can support
public sector digital transformation. The latter is increasingly urgent, but must be properly managed
to take full advantages of technological-induced changes.

Our results show that civil servants believe PM can support digital transformation and
improve the overall organizational efficiency, particularly thanks to data management support,
enhanced business process transparency provided by the identification of business process
inefficiencies, and increased business process comparison inside the organization, which also helps
identifying and sharing best practices, both internally and externally. On the other hand, civil servants
strongly feel PM challenges related to lack of interdisciplinary and cross-functional teams,
insufficient competences and skills to use and understand the tool, resistance to change, and
insufficient implementation guidance. Linked to the latter is another of the most perceived PM
challenges, which is management support: this is also one of the most critical organizational
challenges inhibiting change in the public sector (Tangi et al., 2021), as the role of managers is crucial
for positively affecting innovation adoption (Moon and Norris, 2005) and organizational change (Ritz
etal., 2012).

As PM is perceived to impact the socio-technical system, it is important to prepare
policymakers, managers, and civil servants technically and culturally. Empirical evidence shows that
external pressures from national governments and institutions are stronger drivers for digital
transformation with respect to internal needs (Tangi et al., 2020). Our results show that PM can be a
key enabler of the public sector digital transformation, so policymakers should really consider how
to spread its use among public organizations to fully benefit from digital transformation.

This paper’s findings show that civil servants working in healthcare organizations perceive
PM opportunities more and PM challenges less than those working in central PA. As many PM
applications in healthcare already exist (dos Santos Garcia et al., 2019), and healthcare organizations
are usually more open to change and innovate with respect to other public organizations (Fusco,
2023), they seem the best candidates from where to start PM implementations in the Italian public
sector. Public managers can use and prioritize the identified expected PM opportunities and
challenges to develop the most suitable strategies to introduce this process-oriented tool into their
organizations and support its adoption. For example, as the most perceived PM opportunities are
related to Methods/IT, while the most perceived PM challenges are related to People, it would be

beneficial to work jointly on both: individual and team PM training programs, ideally tailored on the



job position, along with informative events communicating PM use, objectives, strengths and

weaknesses among all organizational levels could enhance PM initiatives’ success.

5.3 Limitations

This paper’s findings are subjects to some limitations. First of all, this study focuses on the Italian
public sector, so that results’ generalizability to other public sector contexts could be misleading due
to structural and cultural aspects. For example, Italy is among the EU countries with the lowest shares
of digital public service provision and of individuals with at least basic digital skills (European
Commission, 2022), which may influence the level of innovativeness of civil servants. Also, despite
PM is extensively used in Europe, in Italy it is still little-known and scarcely spread, especially
compared to countries such as Germany or the Netherlands (Cotroneo et al., 2021): the same
questions administered to more PM aware countries could give different results. Another threat to
generalizability concerns the sample: we purposefully selected only civil servants with some level of
PM knowledge. On the one hand, this allowed us to receive more reliable answers; on the other hand,
the sample we used is too small to generalize our findings to the entire population. Nevertheless, we
selected civil servants with different organizational positions and from different public organizations

to achieve the most heterogeneous sample as possible.

Other limitations concern the open-ended questions, which were not answered by all
respondents; additionally, those who answered them, sometimes did not answer all of them. However,
this low rate of response was expected by the authors, who purposefully left participants with the

choice to answer these more complex questions.

Though we are aware of this study’s limitations, we have shed light on a still uncharted field,
which can be further explored by additional research and case studies; for example, it would be
insightful to repeat this study in other countries to compare results, or also to focus on public
organizations from the same public sector segment to identify peculiar features. Likewise, the
application of this paper’s methodology could be applied to investigate the impact of other kinds of
new technologies in the public sector.

6. Conclusions

Public organizations worldwide are urged to digitalize their services and processes to generate public
value and better satisfy citizens’ needs. This paper’s findings provide an overview of the levels of
innovativeness and digital transformation of the Italian public sector, especially concerning PM use.

These findings can help understanding how to introduce PM in public sector organizations and to



successfully digitalize and simplify public administration, which are two main goals of the Italian
NRRP.

Our results show that PM introduction in public organizations is generally positive perceived
by civil servants, who also believe it can facilitate public sector digital transformation by mostly
optimizing the organization’s technical structure, which results in improved working conditions and
higher quality services delivery. In particular, PM is believed to support public sector digital
transformation and improve its overall organizational efficiency through data management support,
enhanced business process transparency, and increased business process comparison inside the
organization, which also helps identifying and sharing best practices inside and among other public
organizations. On the other side, PM challenges are mostly related to lack of interdisciplinary and
cross-functional teams, insufficient competences and skills to use it, insufficient implementation

guidance, lack of management support for PM implementation, and resistance to change.

As these papers’ findings show that PM is favourably perceived by civil servants with basic
PM knowledge, policymakers could more confidently consider strategies to introduce this tool in
public organizations to achieve higher process transparency, efficiency, and accountability, with less
probabilities of implementation failures. However, proper information on PM objectives, benefits,
and critical aspects, as well as PM training programs based on job position must be provided to public
managers and civil servants before and during its introduction. Otherwise, PM would be just another

of the many innovations top-down imposed and opposed by its final users.
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APPENDIX 1: Questionnaire

Section 1. Socio-demographic, Job-related, and Organizational Questions

1) Organization, specify:

2) Organization size:

>10
10-50
50-100
100-250
>250

O oo oad

3) Geographical area, specify:

4) Gender:

o Male
o Female
o Other

5) Age:

o Less than 35 years old
o From 36 to 40 years old
0 From 41 to 45 years old
o From 46 to 50 years old
o From 51 to 55 years old
o Over 55 years old

6) Highest level of education:

Undergraduate diploma, specify:
Bachelor’s degree, specify:
Master’s degree, specify:
Postgraduate courses/Ph.D., specify:

o o o d

7) Job position:

Employee
Officer
Office holder
Manager

Oo oo ogo o

Other, specify:

8) Years of experience in current job position:



<5
5-10
11-20
>20

o oo o

Before moving to the next section, please read this brief background information on Process Mining.
Please consider this information when providing your answers.

Process Mining is a process-oriented tool that enables organizations to have a transparent and
objective view of how processes are performed. In particular, Process Mining uses data that are
tracked in company’s Information Systems to discover how processes are actually carried out, verify
compliance with regulatory models, identify inefficiencies and bottlenecks, compare different
variants of the same process, identify which tasks can be automated, perform predictive and
prescriptive analyses, and run simulations (Van der Aalst, 2016).

Section 2. Perceived PM opportunities and challenges

a) Process Mining introduction could bring the following opportunities to my organization: (1
Strongly disagree; 5 Strongly agree)

- Facilitating strategic decision-making

- Enabling collaboration and value creation with other public organizations

- Supporting digital transformation

- Supporting data management

- Improving individual and organizational performance evaluation

- Enhancing business process transparency

- Identifying business process inefficiencies

- Enabling business process automation

- Enhancing better allocation of resources

- Enabling business process risk management

- Understanding business process compliance with standard or normative process models
- Enabling business process comparison and benchmarking inside the organization*

- Enabling business process comparison and benchmarking with other public organizations*
- Enhancing communication and collaboration among employees*

- Fostering a continuous improvement mindset

- Supporting a culture of citizen centricity

b) Process Mining introduction could bring the following challenges to my organization: (1
Strongly disagree; 5 Strongly agree)

- Unclear Process Mining benefits

- Lack of management support for Process Mining implementation
- Lack of interdisciplinary and cross-functional teams

- Missing implementation guidance

- Unavailability of data

- Poor data quality



- Restricting data privacy regulations

- Challenging system integration

- Complex data preparation

- Insufficient skills to use and understand Process Mining

- Insufficient data orientation to take decisions

- Aversion to transparency

- Invasive work monitoring

- Lack of trust in Process Mining outputs

- Resistance to change

- Unwillingness to share domain knowledge (among colleagues)

Notes: Opportunities with * were readapted and changed with respect to Martin et al. (2021)

Section 3. Open-ended questions (voluntary)

- What are the main challenges that prevent innovation in your organization, in your opinion?

- How can Process Mining support digital transformation in your organization, in your opinion?
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No. 5, pp 511-527, doi: 10.1007/s12599-021-00720-0.
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APPENDIX 2: Supplementary Tables

Table A. PM opportunities and challenges structured along the socio-technical and BPM elements

Socio-technical theory BPM theory

Process Mining Opportunities

STRUCTURE

STRATEGIC
ALIGNMENT

Facilitating strategic decision-making

Enabling collaboration and value creation with other public
organizations
Supporting digital transformation

GOVERNANCE

Supporting data management
Improving individual and organizational performance evaluation

PROCESS/IS

METHODS/IT

Enhancing business process transparency
Identifying business process inefficiencies
Enabling business process automation
Enhancing better allocation of resources
Enabling business process risk management

Understanding business process compliance with standard or
normative process models

Enabling business process comparison and benchmarking inside
the organization*

Enabling business process comparison and benchmarking with
other public organizations*

PEOPLE

PEOPLE

Enhancing communication and collaboration among employees*

CULTURE

CULTURE

Fostering a continuous improvement mindset
Supporting a culture of citizen centricity

Process Mining Challenges

STRUCTURE

PROCESS/IS

PEOPLE

CULTURE

STRATEGIC
ALIGNMENT

GOVERNANCE

METHODS/IT

PEOPLE

CULTURE

Unclear Process Mining benefits

Lack of management support for Process Mining implementation
Lack of interdisciplinary and cross-functional teams

Missing implementation guidance

Unavailability of data

Poor data quality

Restricting data privacy regulations

Challenging system integration
Complex data preparation

Insufficient skills to use and understand Process Mining
Insufficient data orientation to take decisions

Aversion to transparency

Invasive work monitoring

Lack of trust in Process Mining outputs

Resistance to change

Unwillingness to share domain knowledge (among colleagues)

Source: Authors own work, based on Martin et al. (2021)
Notes: Opportunities with * were readapted and changed with respect to Martin et al. (2021)



Table B. Level of agreement for PM opportunities for single categories

PM Opportunities Mean Std. dev. Min Max
Strategic Alignment 4.469945 .6538072 1 5
Governance 4.581967 .6008281 1 5
Methods/IT 4.476434 .6058709 1 5
People 4.07377 9106172 1 5
Culture 4.385246 7919713 1 5

Source: Authors own work

Table C. Level of agreement for PM challenges for single categories
PM Challenges Mean Std. dev. Min Max
Strategic Alignment 3.991803 .8551826 1 5
Governance 3.72459 71637783 1.2 5
Methods/IT 3.778689 .9159947 15 5
People 4172131 .9243503 2 5
Culture 3.553279 .8606451 13 5

Source: Authors own work



Table D. Regression models for perceived PM opportunities and challenges at an aggregated level

Aggregated Opportunities Aggregated Challenges

Gender -0.152 0.230™
(0.100) (0.0769)

Age 0.0339 -0.0622
(0.0565) (0.0509)

Level of education 0.0403 0.0314
(0.0544) (0.0644)

Job experience -0.0239 -0.00316
(0.0485) (0.0191)

Employee* 0 0
) Q)

Officer 0.0250 -0.213™
(0.0542) (0.0452)

Office holder -0.613™* -0.256
(0.211) (0.264)

Manager -0.155 -0.520™
(0.205) (0.105)

Other -0.0411 -0.0238
(0.0848) (0.0810)

Organization size -0.0673 -0.0193
(0.0409) (0.0430)

Central PA** 0 0
) ()

Local PA 0.120" -0.254
(0.0643) (0.137)

National agencies 0.425™ -0.632
(0.189) (0.492)

Regional agencies 0.0476 -0.412™
(0.253) (0.136)

Health organizations 0.731™ -0.474™
(0.289) (0.159)

Universities 0.491 -0.443
(0.458) (0.321)

Other -0.0299 -0.0307""



(0.0188) (0.00264)
Constant 4.433™" 4.574™"
(0.423) (0.318)
var(e.Y) 0.441*
(0.110)
N 122 122
AIC 251.1 235.0
BIC 262.3 246.2

Source: Authors own work

Standard errors in parentheses

*p<0.10, " p<0.05 " p<0.01

Notes:

* When all job position’s dummies are equal to zero, Employee is the considered observation.

** When organization type’s dummies are equal to zero, Central PA is the considered observation.



Table E. Regression models for single categories of perceived PM challenges

Strategic Governance Methods/IT People Culture
Alignment
Gender 0.310™" 0.0499 0.302 0.275" 0.317"
(0.101) (0.115) (0.273) (0.166) (0.0755)
Age -0.0887"" -0.00503 -0.147" 0.0149 -0.159™
(0.0297) (0.0636) (0.0836) (0.0454) (0.0657)
Education 0.130 0.111* 0.00163 -0.0238 0.0165
(0.0865) (0.0388) (0.137) (0.127) (0.0466)
Job experience -0.00620 -0.0313 0.0845 -0.0736 0.0316
(0.0499) (0.0341) (0.0742) (0.0515) (0.0238)
Employee* 0 0 0 0 0
©) ©) ) ) ©)
Officer 0.0111 -0.393™ -0.166™ -0.0527 -0.383™"
(0.0376) (0.0393) (0.0819) (0.114) (0.0392)
Office holder 0.140 -0.602" -0.418 -0.228 -0.259"
(0.150) (0.316) (0.465) (0.388) (0.155)
Manager -0.619™ -0.618™" 0.0159 -0.323" -0.948™
(0.139) (0.123) (0.219) (0.177) (0.0681)
Other 0.0688 -0.310™" 0.602™" 0.0515 -0.185™"
(0.137) (0.0715) (0.227) (0.118) (0.0562)
Organization size ~ -0.0801 -0.0575 -0.0869™ -0.0955" 0.110
(0.0685) (0.0472) (0.0409) (0.0518) (0.106)
Central PA** 0 0 0 0 0
) ) ) ) ©)
Local PA -0.228 -0.310™ -0.257" -0.108 -0.372"
(0.210) (0.151) (0.148) (0.298) (0.152)
National agencies  -0.986™" -0.508 -0.155 -1.226 -0.655™"
(0.176) (0.639) (0.885) (0.878) (0.231)
Regional agencies  -0.280 -0.407" -0.695™" -0.398 -0.523"
(0.287) (0.155) (0.183) (0.273) (0.278)
Health -0.510" -0.378" -0.867" -0.965™" -0.234
organizations (0.269) (0.192) (0.387) (0.0958) (0.272)

Universities -0.307 -0.569™ -0.500™" -0.575 -0.608



(0.286) (0.251) (0.175) (0.405) (0.532)
Other -0.171™ -0.0582 -0.119 0.162 0.110™
(0.0696) (0.0750) (0.199) (0.156) (0.0488)
constant 4,793 4.490™" 4.995™" 5.526"" 4321
(0.261) (0.299) (0.412) 0.372) (0.594)
var(e.Y) 0.915™ 0.522™" 0.911™ 1.881™ 0.627""
(0.136) (0.0587) (0.0637) (0.320) (0.0746)
N 122 122 122 122 122
AlC 326.0 276.6 330.2 327.7 297.9
BIC 337.3 287.8 341.4 338.9 309.1

Source: Authors own work

Standard errors in parentheses
*p<0.10, " p<0.05 " p<0.01

Notes:

* When all job position’s dummies are equal to zero, Employee is the considered observation.

** When organization type’s dummies are equal to zero, Central PA is the considered observation.



Table F. Regression models for single categories of perceived PM opportunities

Strategic Governance Methods/IT People Culture
Alignment
Gender -0.0866 -0.353™ -0.0803 -0.398™ -0.559™
(0.147) (0.136) (0.159) (0.147) (0.148)
Age 0.0277 -0.0122 0.0101 0.179" 0.114
(0.0733) (0.0870) (0.0696) (0.0997) (0.0908)
Education -0.0155 0.109 0.0137 0.0591 0.338"™
(0.0872) (0.101) (0.0525) (0.124) (0.114)
Job experience -0.0279 0.00690 -0.0199 -0.0753 0.0392
(0.0809) (0.0956) (0.0587) (0.0713) (0.0593)
Employee* 0 0 0 0 0
) ) ) ) )
Officer 0.256™ -0.331" 0.112" 0.225™ -0.304™"
(0.113) (0.173) (0.0512) (0.0696) (0.0855)
Office holder -0.410 -1.320™ -0.749™ -0.248 -1.298™"
(0.458) (0.583) (0.259) (0.280) (0.360)
Manager -0.282 -0.598™ -0.0963 -0.0597 -0.168
(0.261) (0.235) (0.262) (0.251) (0.358)
Other 0.240™ -0.664™" 0.365™" -0.455™ 0.0753
(0.118) (0.116) (0.0935) (0.155) (0.0518)
Organization size -0.0753 -0.107 -0.0649" -0.0112 -0.195
(0.0512) (0.0793) (0.0355) (0.0736) (0.124)
Central PA** 0 0 0 0 0
) ) ) ) )
Local PA 0.398" 0.148 0.256™ -0.134 0.00124
(0.102) (0.177) (0.102) (0.118) (0.133)
National agencies  0.420 0.883 0.851™ -0.420 0.850
(0.589) (0.843) (0.240) (0.652) (0.907)
Regional agencies  0.267 0.0962 0.182 -0.289 0.247
(0.303) (0.374) (0.244) (0.577) (0.374)
Health 1.120™ 0.897" 0.897" 0.738 0.929"
organizations (0.383) (0.261) (0.349) (0.569) (0.520)
Universities 0.793 0.637 0.664" 0.145 0.380

(0.631) (0.804) (0.375) (0.592) (1.166)



Other -0.0851 0.0301 0.127 -0.486™ 0.158
(0.0531) (0.0928) (0.0783) (0.244) (0.0970)
Constant 4,502 5.443" 4488 3.778" 4.436™
(0.608) (0.768) (0.394) (0.516) (0.793)
var(e.Y) 0.803"" 0.934"* 0.512"* 1.767° 14157
(0.200) (0.248) (0.133) (0.250) (0.276)
N 122 122 122 122 122
AIC 278.5 255.6 255.3 340.2 295.4
BIC 289.7 266.8 266.5 351.4 306.6

Source(s): Authors own work

Standard errors in parentheses
*p<0.10, " p<0.05 " p<0.01

Notes:

* When all job position’s dummies are equal to zero, Employee is the considered observation.

** When organization type’s dummies are equal to zero, Central PA is the considered observation.



Table G. Level of agreement for PM opportunities individually considered

PM Opportunities Mean Std. dev. Min Max
Strategic Alignment 4.397473 .6083007 1 5
Facilitating strategic decision-making 4.409836 .8207445 1 5
Enabling collaboration and value creation with other public  4.352459 .8520479 1 5
organizations

Supporting digital transformation 4.647541 .6793547 1 5
Governance 4.581967 .6008281 1 5
Supporting data management 4721311 .633269 1 5
Improving individual and organizational performance 4.442623 .7930398 1 5
evaluation

Methods/IT 4.476434 .6058709 1 5
Enhancing business process transparency 4.622951 .7080163 1 5
Identifying business process inefficiencies 4.704918 .6886149 1 5
Enabling business process automation 4.442623 .8532793 1 5
Enhancing better allocation of resources 4.459016 .7512804 1 5
Enabling business process risk management 4.327869 .8074306 1 5
Understanding business process compliance with standard  4.393443 .8485026 1 5
or normative process models

Enabling business process comparison and benchmarking 4.590164 7129742 1 5
inside the organization

Enabling business process comparison and benchmarking 4.270492 .8531602 1 5
with other public organizations

People 4.07377 9106172 1 5
Enhancing communication and collaboration among 4.07377 .9106172 1 5
employees

Culture 4.385246 7919713 1 5
Fostering a continuous improvement mindset 4.47541 .7842785 1 5
Supporting a culture of citizen centricity 4.295082 .9243137 1 5

Source: Authors own work, based on Martin ef al. (2021)



Table H. Level of agreement for PM challenges individually considered

PM Challenges Mean Std. dev. Min Max
Strategic Alignment 3.991803 .8551826 1 5
Unclear Process Mining benefits 3.877049 1.008869 1 5
Lack of management support for process mining 4.106557 1.002537 1 5
implementation

Governance 3.72459 71637783 1.2 5
Lack of interdisciplinary and cross-functional teams 4.180328 9361111 1 5
Missing implementation guidance 4172131 .9062923 1 5
Unavailability of data 3.45082 1.240517 1 5
Poor data quality 3.606557 1.095124 1 5
Restricting data privacy regulations 3.213115 1.144368 1 5
Methods/IT 3.778689 .9159947 15 5
Challenging system integration 3.770492 1.050674 1 5
Complex data preparation 3.786885 1.030361 1 5
People 4172131 .9243503 2 5
Insufficient skills to use and understand process mining 4172131 .9243503 1 5
Culture 3.553279 .8606451 1.3333 5
Insufficient data orientation to take decisions 3.803279 1.11814 1 5
Aversion to transparency 3.295082 1.161991 1 5
Invasive work monitoring 3.139344 1.22181 1 5
Lack of trust in process mining outputs 3.319672 1.11538 1 5
Resistance to change 4.065574 1.081304 1 5
Unwillingness to share domain knowledge (among 3.696721 1.097626 1 5
colleagues)

Source: Authors own work, based on Martin ef al. (2021)



Table I. Regression models for the most perceived PM opportunities

0.1 0.2 03 04 0.5
Gender -0.0304 -0.492* -0.392 -0.186 -0.712""
(0.382) (0.215) (0.296) (0.384) (0.215)
Age -0.00163 -0.0845 -0.0978 0.155 0.107
(0.109) (0.310) (0.242) (0.127) (0.157)
Education 0.234 -0.334 0.0911 0.0257 -0.131
(0.282) (0.369) (0.156) (0.125) (0.175)
Job experience 0.000956 0.0385 -0.100 0.0770 -0.220
(0.267) (0.288) (0.214) (0.135) (0.166)
Employee* 0 0 0 0 0
) ) ) ) ()
Officer -1.523™" 0.235 0.515™" -0.138 -0.00320
(0.501) (0.312) (0.111) (0.175) (0.148)
Office holder 23122 -2.574™" -0.520 -2.503™" -1.742™
(1.343) (0.709) (0.736) (0.341) (0.498)
Manager -3.078™ 0.518 -0.309 -0.669™ -0.692
(0.783) (0.757) (0.484) (0.336) (0.639)
Other -1.030™" -1.444™ 8.804"" 0.302 -0.319
(0.292) (0.295) (1.025) (0.376) (0.204)
Organization size  0.0820 -0.537" -0.0780 -0.389 -0.105
(0.356) (0.296) (0.156) (0.258) (0.229)
Central PA** 0 0 0 0 0
) ) ) ) ()
Local PA 0.535 0.947 -0.140 0.843" 0.103
(0.408) (0.581) (0.508) (0.450) (0.340)
National agencies 1.204 3.246™" -0.590 0.669 2.452™
(2.129) (0.826) (1.242) (0.939) (0.462)
Regional agencies -0.101 1.126 -0.638 1.401™ 0.376
(0.869) (0.750) (0.941) (0.588) (0.577)
Health 0.645™ 1.872™ 0.0845 1.758™ 1.860™
organizations (0.312) (0.841) (0.752) (0.573) (0.682)
Universities 0.861 2.066 -0.0227 1.886™" 2.004
(1.329) (2.017) (0.829) (0.607) (1.317)
Other 0.165 0.103 -0.242 -0.00909 -0.461
(0.510) (1.294) (0.279) (0.304) (0.342)



Constant 7.104™ 9.088""" 6.876"" 5.951™ 6.412"
(2.050) (2.182) (2.015) (0.648) (1.549)
var(e.Y) 3.991 4788 3242 3.024" 2.603"
(1.139) (0.862) (0.701) (0.250) (0.614)
N 122 122 122 122 122
AlC 185.7 188.1 215.9 224.0 234.8
BIC 196.9 199.3 229.9 235.2 246.1

Source: Authors own work

Standard errors in parentheses
*p<0.10, " p<0.05 " p<0.01

Notes:

* When all job position’s dummies are equal to zero, Employee is the considered observation.

** When organization type’s dummies are equal to zero, Central PA is the considered observation.

Legend:

0.1 Supporting data management

0.2 ldentifying business process inefficiencies

0.3 Supporting digital transformation

0.4 Enhancing business process transparency

0.5 Enabling business process comparison and benchmarking inside the organization



Table J. Regression models for the most perceived PM challenges

C.1 C.2 C3 C4 C.5
Gender 0.0479 0.110 0.275" 0.688"™" 0.718™"
(0.233) (0.223) (0.166) (0.242) (0.169)
Age 0.161 -0.298™ 0.0149 0.105 -0.111
(0.125) (0.122) (0.0454) (0.0754) (0.197)
Education 0.0433 0.164 -0.0238 0.0871 0.238™
(0.0594) (0.104) (0.127) (0.0656) (0.110)
Job experience -0.0586 0.237""" -0.0736 -0.143 -0.110
(0.164) (0.0579) (0.0515) (0.113) (0.0709)
Employee* 0 0 0 0 0
) ) ) ) )
Officer 0.145 -1.143™ -0.0527 0.218™ -0.602""
(0.210) (0.113) (0.114) (0.0340) (0.146)
Office holder -0.0708 -1.171™ -0.228 1.548™" 0.906
(0.272) (0.558) (0.388) (0.245) (0.967)
Manager -0.669 -1.108™" -0.323" -1.112™ -2.136™"
(0.307) (0.156) (0.177) (0.267) (0.434)
Other -0.618"™" -0.294 0.0515 0.197 -1.618™
0.111) (0.193) (0.118) (0.225) (0.192)
Organization size  -0.0650 0.0894 -0.0955" -0.255™ 0.115
(0.0601) (0.116) (0.0518) (0.107) (0.267)
Central PA** 0 0 0 0 0
) ) ) ) ()
Local PA 0.134 -1.069™" -0.108 0.275™ -0.611"
(0.355) (0.372) (0.298) (0.132) (0.337)
National agencies -0.825™ -0.0330 -1.226 -2.261™ -2.092"
(0.366) (1.472) (0.878) (0.259) (1.207)
Regional agencies -0.278 -1.099™ -0.398 0.532 -0.839
(0.430) (0.392) (0.273) (0.521) (0.757)
Health -0.240 -1.413" -0.965™" -0.450" 0.155
organizations (0.487) (0.736) (0.0958) (0.266) (0.796)
Universities -0.263 -1.226™* -0.575 0.173 -1.280
(0.304) (0.180) (0.405) (0.368) (1.253)
Other
0.364™ 0.697™ 0.162 0.146 1.058™"
(0.178) (0.160) (0.156) (0.185) (0.240)



Constant 4355 6.263" 5.526"" 4.993" 5.475™
(0.504) (0.819) (0.372) (0.211) (1.528)
var(e.Y) 2.233" 1.659" 1.881°" 2,141 2.669"
(0.650) (0.261) (0.320) (0.336) (0.282)
N 122 122 122 122 122
AlC 336.7 316.7 327.7 333.4 332.0
BIC 347.9 327.9 338.9 344.7 343.2

Source: Authors own work

Standard errors in parentheses
*p<0.10, " p<0.05 " p<0.01

Notes:

* When all job position’s dummies are equal to zero, Employee is the considered observation.

** When organization type’s dummies are equal to zero, Central PA is the considered observation.

Legend:

C.1 Lack of interdisciplinary and cross-functional teams
C.2 Missing implementation guidance
C.3 Insufficient skills to use and understand PM

C.4 Lack of management support for PM implementation

C.5 Resistance to change



Table K. Families of codes for perceived innovation gaps

First order codes Second order codes

Third order codes

STRATEGIC ALIGNMENT  Low foresight

Resource management

Decision-making

Lack of political and administrative
levels’ interest for any kind of change

Unclear innovation benefits and success
factors

Insufficient or badly used budget to
dedicate to innovation or train personnel

Insufficient personnel compared to
workload

Lack of time to dedicate to innovation

Poor matching between operational
practices and administrative procedures

Inadequate preparation for strategic
decisions

Inadequate use of information needs to
manage, monitor, and evaluate operational
activities and policies

GOVERNANCE Hierarchical structure

Managerial competences

Privacy concerns

Too many hierarchical levels and
fragmentations

Disparities among hierarchical levels

Low level of autonomy from Central
organizations

Organizational complexity
Top-down innovation’s imposition
Low managerial culture of top levels
Management attached to old systems
Lack of management support

Ensure applications use for work purposes
only and only under approval

METHODS/IT Data quality

Process quality

Poor data quality
Unavailability of data
Lack of information in data format

Lack of document flow management
systems

Non-digitalized processes

PEOPLE Staff characteristics

Personnel skills

Shortage of employees
Lack of dedicated personnel

High average age of personnel and
generation gap

Difficult to commit and train employees

Difficult to hire adequate resources to use
process mining

Lack of technical skills

Lack of adequate competences and skills



Poor employees training

Self-centeredness

CULTURE

Resistance to change

Open-mindedness

Technology Readiness Level

Sharing-oriented organizational culture

Control aversion

Resistance to change
Skepticism to change
Reluctancy to digital transformation

Organizational culture not open to change
and innovation

Poor propensity to change

Established practices and habits and poor
propensity to change them

Scepticism to any new organizational
model

Poor continuous improvement approach
Silos culture
Poor propensity to process innovation

Poor open-mindedness to innovative

approaches

Poor data-oriented mindset

Inability to adapt to technology
Lacking/difficult internal communication

Lack of
participation

information  sharing and

Unclear information

Poor information needs sharing among
different functions

Lack of interdisciplinary and cross-
functional teams

Difficult to work in teams

Difficult to perceive personal
improvement as part of the entire
improvement process

Transparency aversion

Fear of feeling under control

EXTERNAL CHALLENGES

Institutional aspects

Political aspects

Organizational context

Institutional instability

Excessive bureaucracy

Strict rules, norms and budget for PA
Political influence

Politically appointed key roles
Organization size

Heterogeneous organizational contexts of
local offices

Slowness of Internet connection

Source: Authors own work



Table L. Families of codes for process mining potential to enhance public sector digital

transformation

First order codes

Second order codes

Third order codes

STRATEGIC
ALIGNMENT

Investment strategies

Positive synergies between PM and digitalization

Understanding business process structure and design
before making investments in new IT

GOVERNANCE

Data management

Accountability

Supporting data management

Improving accountability in terms of roles and
responsibilities

More process knowledge awareness on common patterns
due to interactions with other entities

METHODS/IT

Processes standardization

Process mapping

Positive  synergies between

process mining and digital
transformation

Process efficiency

Data use

Harmonizing processes among public organizations in
the same sector

Clear, defined, measurable, unambiguous processes
More analytical and objective process mapping
Detailed knowledge of process-flow

Process mining can improve and support digital
transformation

Enhancing processes digitalization

Process mining can highlight tools and solutions to
enable digital transformation

Enhancing process improvements and redesign
Identification of digitizable processes

Foster use of technologies to track all process events
Identifying weaknesses and inefficiencies
Improving business process performance evaluation
Improving process activities efficacy and output

Analyzing business processes from new and different
perspectives

Enhancing proper and preventive countermeasures
Enhancing simple tasks' automation

Reducing repetitive tasks

Speed up repetitive tasks

Improving process accuracy

Increasing process transparency

Processes and resources optimization by comparing all
possible process variants

Unambiguous data analysis

Optimal use of available data

PEOPLE

Personnel improvement

Identification of individual weaknesses and tailored
training programs



Clear procedures and structures to all employees,
especially new ones, to better organize working activities

Enhancing soft skills

Personnel work quality Free human resources from more “mechanical and
repetitive” work processes to enhance creativity

Higher control

Boosting job satisfaction and motivation

CULTURE Sharing-oriented Democratizing process knowledge
organizational culture . .

Enhancing process knowledge sharing
Improving relationships among different functions

Improving information flows and data sharing among
different offices

Human approach Enhancing a citizen-oriented approach

Increasing organizational well-being

Source: Authors own work
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Chapter 3 Do not stay behind: Embracing Process Mining in the

public sector

Abstract

The public sector urgently needs to digitalize its infrastructures and services to better satisfy citizens’
needs. Process Mining (PM) is a process-oriented tool that allows organizations to objectively and
timely analyse their processes, resulting in improved process efficiency and higher organizational
performances. Nevertheless, PM successful implementation depends on the acceptance and support

of key stakeholders, including civil servants in the public sector context.

This study is among the first attempts to adopt Information Systems acceptance models to
quantitatively evaluate civil servants’ perceptions of PM prior to its adoption to understand its
implementation viability. Through a survey, we found that civil servants with basic theoretical and
practical knowledge about PM show a positive attitude towards PM use, perceiving it as useful, easy

to use and job-fitting.

1. Introduction

Globally, the public sector is undergoing unforeseen and complex challenges that require changing
the way it manages its processes and delivers public services to satisfactorily meet citizens’ needs
(De Vries et al., 2018; Mazzucato and Kattel, 2020). The use of Information and Communication
Technologies (ICT) is crucial to promote processes’ digitalization and organizational structures’
transformation to deliver better public services (Anthopoulos et al., 2016) and achieve public sector
goals such as increased efficiency, cost and waste reduction, higher transparency, accountability, and
citizen centricity (Weerakkody et al., 2011): public organizations that properly adopt ICT and digital
technologies achieve these goals fast and effectively and are able to deliver higher quality services to

citizens and businesses (Gil-Garcia and Pardo, 2005; Anthopoulos ef al., 2016).

However, the use of ICT and process digitalization are not sufficient alone to generate value
(NograSek and Vintar, 2014): what is crucial is to go through a full digital transformation, which
implies organizational, relational, and cultural changes that affect both the technical and the social
systems (Mergel et al., 2019; Mozaffar and Candi, 2024; Weerakkody et al., 2011). While many
public organizations have already undergone digitalization processes that primarily involved

technical changes, broader cultural and organizational changes are still on the roadmap (Tangi et al.,



2021). Understanding how to introduce new technologies considering how they are perceived by
organizational members is crucial to successfully adopting and implementing them (Gil-Garcia and
Flores-Zuniga, 2020), as both individuals’ characteristics and their perceptions of innovation’s

characteristics can influence the innovation’s implementation process (Kim and Chung, 2017).

Since ICT started to permeate all aspects of private, social, and working lives, numerous
studies have devoted significant attention to individuals’ acceptance, adoption, and use of new
technologies (Davis, 1989; livari et al., 2010; Rogers, 1995; Venkatesh and Davis, 2000; Venkatesh
et al., 2003), particularly in the private sector. In the public sector, this topic is increasingly being
studied (AlAwadhi and Morris, 2008; Carter and Belanger, 2005; Gil-Garcia and Flores-Zuniga,
2020; Titah and Barki, 2006). However, research mostly investigates a citizen’s or a business
perspective towards innovation and technology acceptance (Rehouma and Hofmann, 2018), while
literature on civil servants’ ICT acceptance (Dec¢man, 2015; Oschinsky ef al., 2021; Wickramasinghe
and Wickramasekara, 2021; Wirtz and Piehler, 2016) is still missing (Batara et al., 2017).
Nevertheless, the success of ICT in public organizations strongly depends on civil servants’

acceptance and intention to use it (Gupta ef al., 2017).

Moreover, civil servants face many barriers when adopting new technologies (Gupta et al.,
2017), ranging from lacking competencies and skills (Mergel et al., 2018) to security and privacy
concerns (Gupta et al., 2017). At the same time, public organizations have to deal with insufficient
funding (Altameem et al., 2006), limited budgetary resources, institutional and legal constraints,
political pressures, multiple stakeholders’ relationships (Altameem et al., 2006; Damanpour and
Schneider, 2009; Jonathan, 2020), inadequate Information Technology (IT) infrastructures (Moser-
Plautz and Schmidthuber, 2023), and inadequate organizational structure and culture (Mergel ef al.,
2018). All these challenges contribute to the high failure rate of public sector organizations’
transformation initiatives (Gil-Garcia and Flores-Zufiiga, 2020), which could be lessened by

optimally changing and managing their internal and external processes (Kim et al., 2007).

This study aims to analyse ICT acceptance in the public sector from the perspective of civil
servants, focusing on an emerging technology such as Process Mining (PM). Although PM is just one
of the many technologies public organizations can adopt to achieve public sector goals, it is
particularly suitable to help them overcome many of the abovementioned challenges. For example,
while public organizations are urged to digitalize their processes and make them more efficient (Tangi
et al. 2021), simply doing it without a proper process analysis that provides full process transparency
will only amplify process inefficiencies (Reinkemeyer, 2020). PM provides exactly this transparency:

by extracting log-data directly from organizations’ Information Systems (IS), PM allows to



reconstruct the real processes’ execution, detect bottlenecks and inefficiencies (van der Aalst 2016),
and identify potential and priorities for process improvement, optimization, digitalization, and
automation (Geyer-Klingeberg et al., 2018; van der Aalst, 2016), which is decisive to go through
digital transformation (Kerremans ef al., 2020). Moreover, by providing objective process insights in
a faster and more reliable way with respect to traditional process analysis based on assumptions and
workers’ interviews (Reinkemeyer, 2022), PM contributes to increasing processes and workers’
interactions’ transparency (Eggers et al., 2021), which is fundamental to identify ownership and

accountability, and support the decision-making process (Di Ciccio and Montali 2022).

Despite PM potential to contribute to digitalizing public sector processes and make them more
efficient through objective and prompt analyses, we found limited use of PM in the public sector
(Macék et al., 2022; Thiede et al., 2018; van Dongen, 2015); moreover, its adoption and acceptance
is yet little explored (Grisold ef al., 2021; Rott and Bohm, 2022; vom Brocke ef al., 2021). Based on
IS research, we conducted an exploratory study to investigate civil servants’ attitude towards PM use,
prior to its eventual adoption to understand if it can be successfully implemented in the public sector.
A key success factor for public sector organizations is in fact the identification of barriers and
challenges before starting change initiatives (Weerakkody et al., 2011). For example, individuals’
resistance to change, which is particularly felt in the public sector (Bannister, 2001), is a crucial factor
hindering digitalization initiative success (Oschinsky et al., 2021; Tangi et al., 2021): investigating
civil servants’ attitude towards PM use is thus fundamental to discover in advance factors fostering
or inhibiting its introduction and avoid implementation failures caused by users’ resistance, which is

among the main causes of many PM initiatives’ failures (Reinkemeyer, 2022).

To achieve this goal, we administered a survey to Italian civil servants who have not used PM
in their job activities but possess foundational knowledge of PM functionalities and objectives, by
hypothesising perceived usefulness, perceived ease of use, perceived compatibility, personal outcome
expectations, and anxiety as influential on civil servants’ attitude towards PM use. Given that PM is
still an uncommon tool in the public sector, this procedure enabled us to collect more reliable feedback
on civil servants’ attitude towards PM use in the pre-adoption stage with respect to administering the
questionnaire to civil servants who neither use PM, nor are familiar with it. Our findings reveal that
civil servants with basic PM understanding show a positive attitude towards its use, as they perceive
it as useful to improve their overall job performance, easy to use and job-fitting. Socio-demographic,
job-related and organizational variables should also be considered by public managers to support a
successful and sustainable PM implementation in their organizations, as women, younger individuals,
those with higher organizational positions, those with more years of job experience and those working

in smaller organizations show a more favourable attitude towards PM use.



This paper is organized as follows: in Section 2, we present an overview of innovation and
digitalization in the public sector, a brief description of PM, and previous studies on IS acceptance
models, discussing their limitations to fit our research context; in Section 3, we describe our research
design and illustrate our hypotheses, while in Section 4, we describe the methodological steps
followed. In Section 5, we present our findings, which are fully discussed in Section 6, together with

the implications and the limitations of this study; in Section 7, we finally conclude.

2. Theoretical Background

2.1 Digital innovation in the public sector

Digital government literature emphasizes the urgent necessity of public organizations to understand
the most effective technologies to adopt according to specific needs, and how to successfully
implement them to handle external and internal pressures (Janowsky 2015). Digital innovation
implementation in the public sector is meant to provide higher quality services to citizens (Aguilera
Castillo, 2021; Alvarenga et al., 2020), as well as to facilitate their interactions with public
organizations. However, policymakers and regulators must ensure accessibility and equality of public
service provision to all population segments (Pery et al, 2022) by balancing technological
advancements with population socio-demographic characteristics not to increase existing social

inequalities or build new discriminatory barriers (Larsson, 2021; Lindgren et al., 2019).

Public organizations that invest in digital technologies achieve higher organizational
efficiency, increased productivity, and reduced costs (Anthopoulos et al., 2016; Cordella and Tempini,
2015; Gil-Garcia and Pardo. 2005; Napitupulu and Sensuse, 2014; Rosacker and Rosacker, 2010),
which translates in higher quality services and greater public value generation. However, public
investments in digital technology and ICT are much more complex than those in the private sector
and often result in implementation failures (Anthopoulos et al., 2016; Jonathan, 2020), as public
organizations must fulfil the interests of multiple stakeholders and are subject to financial,
institutional, and legal constraints (Jonathan 2020; Rehouma and Hofmann 2018), as well as political
pressures (Damanpour and Schneider 2009). For example, newly elected members may have different
priorities with respect to previous incumbents and thus block digitalization initiatives, or limit fund
allocations previously devolved to digital transformation projects (Dewan and Kraemer 2000; Gil-
Garcia and Pardo 2005; Tarute et al., 2018). Also, public organizations and governments often
struggle with excessive bureaucracy and norms (Nograsek and Vintar 2014), or do not have the
required set of qualified competences and skills, as well as an adequate organizational structure and

culture (Mergel ef al., 2018). This implies that the introduction of new technologies, especially when



they bring substantial changes in working activities, may be characterized by organizational
members’ resistance, so that tensions arise between the necessity of using new technologies and the
attachment to old ones (Syed et al., 2020): this is in strong accordance with the economic perspective,
or rational decision-making of Status Quo Theory (Kim and Kankanhalli, 2009; Samuelson and
Zeckhauser, 1988), which states that the trade-off between expected benefits and expected costs of
an innovation strongly influences the individuals’ attitude towards its use. This attachment to the
status quo (Samuelson and Zeckhauser, 1988) is particularly relevant in the public sector, where
public organizations have long-established operating procedures, a highly bureaucratic structure, and

a risk-averse culture (Millard, 2013).

Understanding civil servants’ technology acceptance is thus fundamental to balancing digital
transformation-oriented needs with civil servants’ motivations and fears, avoiding wrong
investments, and preventing innovation failures that can lead to decreased motivation and job
performance, as well as workarounds (Oschinsky et al., 2021; Rawstorne et al., 1998). To overcome
these outcomes, civil servants must understand the importance of ICT usage and be convinced of the
operational and organizational changes required (Gupta et al., 2017). However, few studies have
investigated technology acceptance from a civil servants’ viewpoint (De¢man, 2015; Oschinsky et
al.,2021; Rehouma and Hofmann, 2018; Wirtz and Piehler, 2016). In addition, most studies on digital
technologies implementation in the public sector do not specify the technology analysed, but rather

use generic terms and do not focus on emerging technologies (Haug et al., 2023).

2.2 Process Mining

PM is becoming an indispensable tool for data-driven and process-oriented organizations willing to
optimize their processes and generate value (Spano et al., 2023). By extracting and analysing process-
related event data readily available in organizations’ IS, PM helps organizations understand how their
operational processes are performed, where bottlenecks, inefficiencies, and deviations are, and how
to intervene to improve them (De Weerdt et al., 2013; van der Aalst, 2022). PM can also contribute
to enhancing process transparency and knowledge-sharing among individuals (Eggers et al., 2021)
and create a process-oriented culture and a continuous process improvement approach (Grisold et al.,

2020).

Starting from event logs, which are sequences of recorded events related to a specific case
and an activity (van der Aalst et al., 2012), PM basic capabilities enable to (automatically) discover
the real processes’ execution (Process Discovery), compare an ideal or existent process model with
an event log of the same process to check for deviations (Conformance Checking), and improve and

enrich the existing process model with the results of the performed analyses (Process Enhancement)



(van der Aalst et al., 2012). Another PM capability that could be particularly beneficial to the public
sector to better assign tasks to civil servants and facilitate performance evaluation is the social
network/organizational mining (van der Aalst et al.,, 2012), which allows to get a deeper
understanding of how human resources involved in a process work and interact with each other

(Eggers and Hein, 2020; Song and Aalst, 2008; van der Aalst, 2014).

Situated between data science (data mining, statistics, and machine learning) and process
science (process modeling and simulation) disciplines (van der Aalst, 2016), PM allows to perform
backward-looking analyses based on past data, online analyses based on real-time data, and forward-
looking analyses (Kerremans and Srivastava, 2021). Due to its enormous potential, PM has received
great attention from both researchers and practitioners, resulting in continuous improvements and
development that make PM increasingly more powerful. However, though PM can support
operational, tactical, and strategic decision-making (Zerbino ef al., 2021), research has mainly
focused on technological aspects, such as algorithms (Gilinther and van der Aalst, 2007) tools (Turner

et al., 2021), and methods (Jokonowo et al., 2018).

On the one hand, PM functionalities help organizations make their processes more transparent
and efficient through the discovery of their real execution, the detection of bottlenecks, inefficiencies,
and their root-causes (van der Aalst, 2016), and the suggestion for improvement and automation
(Geyer-Klingeberg et al., 2018). On the other hand, PM powerfulness strongly depends on its
effective implementation: this can be more or less successful depending on individuals’ attitudes and

beliefs towards it (Grisold ef al., 2021; Venkatesh ef al., 2003).

Actually, PM users’ acceptance has not received much attention from scholars yet (Grisold et
al., 2021; vom Brocke et al., 2021): we found only few studies focusing on users’ acceptance and
perceptions of PM. For example, Grisold et al. (2021) conducted a focus group study to inspect
process managers’ perceptions of PM adoption, use, and management; however, they adopted a
qualitative approach and did not investigate PM adoption under IS research lens. On the other hand,
these have been used by other researchers: in particular, the Technology Acceptance Model (TAM)
has been adopted by Graafmans et al. (2021) and Maneschijn et al. (2023) to evaluate the usefulness
and ease of use of their proposed PM methodology, while by Lashkevich et al. (2023) and Wynn et
al. (2017) to evaluate the perceived usefulness and the perceived ease of use of a set of PM templates
and of a PM prototype tool, respectively. However, these latter studies only use a relatively small
sample of 12 individuals each, and all of them focus more on how PM is technically perceived, rather
than on how it is more holistically evaluated for possible introduction and use, which is what we want

to investigate.



2.3 IS acceptance models and PM

End-users IT acceptance is fundamental to achieve the expected benefits from the adoption of new
technologies (Davis, 1989; Venkatesh and David, 2000; Wickramasinghe and Wickramasekara,
2021). IS research has deeply investigated this area, developing many competing models grounded
in IS, psychology, and sociology (Venkatesh et al., 2003). However, no commonly accepted adoption
model in the IS field exists (Benbasat and Barki, 2007). According to a review of previous studies
(Salahshour Rad et al., 2018), the most adopted theories are TAM and its extensions (Davis, 1989;
Venkatesh and Davis, 2000), the Diffusion of Innovation theory (DIT) (Rogers, 1995), the Unified
Theory of Acceptance and Use of Technology (UTAUT) (Venkatesh et al., 2003), the Theory of
Planned Behaviour (Ajzen 1991), and the Theory of Reasoned Action (Ajzen and Fishbein, 1980).
With concern to digital public services, previous research investigated factors affecting civil servants’
acceptance and intentions to use e-government services by adopting the TAM (Gil-Garcia and Flores-
Zuniga, 2020), the UTAUT (De¢man, 2015), TAM together with Theory of Reasoned Actions (Wirtz
and Piehler, 2016), and the Status Quo Theory (Oschinsky et al., 2021).

Though each of these theoretical models can explain much of the variance in individual
intention to use a new technology (Venkatesh et al., 2003), contingency factors must be considered
and adaptations arranged, especially considering public sector specificities (Rehouma and Hofmann,
2018), as differences exist in individuals’ adoption of innovations in the private and the public sector
(Wise, 1999). In addition, most of these models have been tested in contexts where technology usage
was voluntary, meaning that users could choose whether to use new technologies (Brown et al., 2002;
Hwang et al., 2016; Melone, 1990). In today’s organizations, the usage of new IS and technologies is
by default mandatory: not because of legal obligations, but because it is indispensable to well
performing activities and properly carrying out processes. Moreover, innovation adoption decisions
are usually top-down made (Al-Jabri and Roztocki, 2015; Hwang et al., 2016), so that workers have
no choice. This suggests that cognitive dissonances are likely to arise, as workers’ attitudes towards
the use of a new technology may not match with their actual behaviour, which hides potential

undesirable consequences (Alzahrani ef al., 2021; Hwang et al., 2016; Yousafzai et al., 2007).

Several studies have highlighted that for technologies whose use is mandatory, such as
Enterprise Resource Planning (ERP) systems, which gather and distribute data and information across
business processes and departments (Al-Jabri and Roztoky, 2015) and are among PM data sources,
behavioural intention, which is the dependent variable in many of the technology acceptance models,
is not adequate to predict or explain technology users’ adoption and usage behaviours (Brown et al.,

2002; Karahannan, 1999; Rawstorne et al., 1998), nor to reveal true users’ beliefs concerning that



technology (Hwang et al., 2016). In addition, many researchers have specified the need to extend
TAM when complex technologies are considered (Hwang et al, 2016; Rawstorne et al., 1998;
Venkatesh et al., 2003). Contrary to the relatively simple technologies analysed with most of the IS
acceptance models (Hwang et al., 2016; Nah et al., 2004; Venkatesh et al., 2003), PM is much more
complex and disruptive, as it extracts and collects log-data from multiple sources, and radically
changes the way processes are analysed and managed. In fact, PM provides objective process insights
that reveal process inefficiencies, driving organizations to change operational procedures and
organizational roles and accountabilities to streamline and optimize their processes. While this can
increase organizational efficiency, considerable effort is required (Reinkemeyer, 2022): to the IT staff,
for delimiting PM analysis scope and extracting, collecting, and processing data (van der Aalst, 2022);
to the process participants, as they must adhere to the new procedures and change their working

habits.

Finally, most of these models have been tested for already experienced technologies, while
studies focusing on the pre-implementation phase are lacking (Alzahrani et al., 2021; Hwang et al.,

2016; Venkatesh et al., 2003).

3. Conceptual Framework and Hypotheses

As illustrated in the previous section, existing theoretical models for explaining users’ acceptance of
new technologies may not be suitable for the purpose of this study, which focuses on understanding
civil servants’ attitudes towards a complex and emerging technology such as PM, prior to its
(eventual) introduction. As to the best of our knowledge no studies have investigated users’ attitudes
towards PM in the pre-adoption stage in the public sector from a civil servants’ perspective, especially
adopting IS lenses, we conducted an exploratory study to understand if PM would be favourably
accepted by civil servants and which variables affect this choice, by testing several hypotheses based

on existing IS acceptance models.

To consider both PM’s perceived characteristics and attitudinal variables we extended and
modified the original TAM by adopting constructs from the DIT and the Social Cognitive Theory
(SCT). In particular, perceived usefulness, perceived ease of use, perceived compatibility, personal
outcome expectations, and anxiety were hypothesised as influential on the civil servants’ attitude
towards PM use. As a matter of fact, to manage a successful organizational transformation induced
by the use of new technology, it is essential to equally concentrate on technical aspects and on the
alignment of the organizational culture, structure, and ways of working (Reinkemeyer, 2022). We also

included six control variables (gender, age, education, job position, years of experience in current job



position, and organization size) to consider socio-demographic, job-related, and organizational
factors that could influence the attitude towards PM use in the public sector, as differences in access
and use of ICT exist depending on demographic, cultural, and socio-economic factors (Akman et al.,

2005; Czaja et al., 2006). In Figure 1 we represent the conceptual framework guiding this research.

3.1 Attitude

In IS literature, attitude refers to the extent to which a person positively or negatively feels about a
specific object or behaviour (Fishbein and Ajzen, 1975). The item for the attitude towards PM use
was specifically developed for this study, based on Melone (1990)’s definition (“predisposition to
respond favourably or unfavourably to a computer system, application, system staff member, or a
process related to the use of that system of application”, Melone, 1990, p. 81). Differently from
previous IS acceptance models, and like instead Lashkevich et al. (2023), we did not include
behavioural intention to use the system, nor actual use of the system. The latter because PM was not
used in surveyed public organizations, so it could not be measured; the first one because once adopted,
PM would be merely another IT tool needed to perform job activities, so that behavioural intention

would not fully capture civil servants’ true feelings about PM use.

3.2 Perceived usefulness and perceived ease of use

Perceived usefulness (“degree to which a person believes that using a particular system would
enhance his or her job performance”, Davis 1989, p. 320) and perceived ease of use (“degree to
which a person believes that using a system would be free of effort”, Davis 1989, p. 320) have proved
to have a strong explanatory power for attitude towards system use (Davis et al., 1989; Salahshour
Rad et al., 2018) and resemble perceived relative advantage (“degree to which using an innovation is
perceived as being better than using its precursor”, Rogers 1995, p. 250) and perceived complexity
(“degree to which a system is perceived as relatively difficult to understand and use”, Rogers 1995,
p. 250), respectively, from the DIT (Moore and Benbasat, 1991). According to TAM, and consistently
with the Status Quo Theory, users are more likely to adopt digital government services if perceived
benefits are higher than perceived costs (Oschinsky ef al., 2021), which translates in perceived
usefulness and perceived ease of use from TAM. As such, civil servants should more likely adopt PM
if they perceive it as useful to improve their job performances and easy to use (vom Brocke et al.,

2021). Therefore, we hypothesize that:

HI. Perceived usefulness will be positively related to attitude towards PM use in the public

sector.



H?2. Perceived ease of use will be positively related to attitude towards PM use in the public

sector.

3.3 Perceived compatibility

Perceived compatibility (“degree to which an innovation is perceived as being consistent with existing
values, needs, and experiences of potential adopters”, Rogers 1995, p. 224) has proved to be a
significant determinant of end-users’ attitudes in adopting or using a new IT (Agarwal and Prasad,
1997; Karahanna and Straub, 1999). As the public sector is characterised by a strong resistance to
change (Bannister, 2001), and PM is expected to bring substantial technical, operational, and
organizational changes (Eggers et al., 2021; Reinkemeyer, 2022), it is essential to understand its

compatibility with civil servants’ way of working:

H3. Perceived compatibility will be positively related to attitude towards PM use in the public
sector.

3.4 Personal outcome expectations

In the SCT (Bandura, 1986), outcome expectations consist of three components that measure
performance, self-evaluative and social outcome expectations, respectively. Compeau et al. (1999)
merged the two latter components into one dimension named “personal outcome expectations”
(“expectations of change in image or status or expectations of rewards, such as promotions, raises,
or praise”, Compeau et al., 1999, pp. 147-148), which is able to capture both self-evaluative and
social outcome expectations. As such, we included personal outcome expectations, which are similar
to the image construct from the DIT ( “degree to which an innovation is perceived to enhance one's
image or status in one s social system”’, Moore and Benbasat, 1991, p. 195), to consider the influence
of both these aspects on attitude towards PM use. On the one hand, individuals need to be motivated
by the expected outcomes of their behaviours (Bandura, 1986), but on the other they also react to
external stimuli and peers’ behaviours, such that the influence of people considered important in the
workplace is a valuable aspect to consider, as it could either promote or prevent PM adoption and use
(Brocke et al., 2021). However, in the public sector this variable could be not relevant for influencing
civil servants’ attitude towards PM use, due to two motives: the prosocial behaviour of civil servants,
who conduct their job activities with the primary aim of doing something positive for the citizens and
the society rather than for achieving other kinds of remuneration (Bullock et al., 2015); the mandated
use of PM, as it would be introduced in the organization according to top-level decisions, with little
to no participation of lower levels: as such, PM would be just another IT tool that workers have to

use to conduct their job activities, meaning that the skills required to use it would be a mere



requirement to continue working, and not something differentiating workers. Nevertheless, we

hypothesize that:

H4. Personal outcome expectations will be positively related to attitude towards PM use in

the public sector.

3.5 Anxiety

Among the factors to be better investigated to understand users’ acceptance of new technology in the
public sector is anxiety (Rehouma and Hofmann, 2018). Previous research shows that public sector
employees feel more pressure and anxiety towards innovation and new technologies with respect to
those from the private sector (Rehouma and Hofmann, 2018). Moreover, as PM enables a full process
transparency under a variety of perspectives (van der Aalst, 2011), including the organizational one
which may reveal workers’ related inefficiencies, individuals may feel massively monitored and feel
nervous and sceptical of PM introduction (Eggers et al., 2021; Grisold et al., 2021; Stertz et al., 2021),
as well as being resistant to change their working habits and scared by the possibility of being replaced
by automation (Reinkemeyer, 2020). To account for these aspects, we included anxiety (“feeling of
apprehension or anxiety that one experiences when using computers”, Compeau et al., 1999, p. 5) to

analyse the impact of negative feelings on civil servants’ attitude towards PM use:

H5. Anxiety will be negatively related to attitude towards PM use in the public sector.

3.6 Socio-demographic, job-related, and organizational variables

Previous studies found that socio-demographic and economic variables such as gender, age,
education, and income have an impact on innovation acceptance (Akman et al., 2005; Niehaves and
Plattfaut, 2014).

Differences in technology acceptance according to gender are expected, not necessarily for biological
differences among sexes, but especially because of socio-cultural reasons: men and women have
different psychological traits, educational backgrounds, and occupational status (Akman et al., 2005;
Venkatesh et al., 2000), which determine different reactions to new technologies. Consistent results
in literature show that men are more likely to accept new technologies than women (Akman et al.,
2005; Venkatesh et al., 2000), as they are more task and outcome-oriented (Ndubisi, 2003) and less

risk-averse (Rehouma and Hofmann, 2018).

Similarly, also differences based on age are expected, because of historical changes and
transformations through generations (Czaja et al., 2006; Wickramasinghe and Wickramasekara,

2021). Age is generally found to be negatively related to innovation adoption (Niehaves and Plattfaut,



2014), especially when it is radically different from already used technologies (Agarwal and Prasad,
1999): older individuals may perceive learning to use a new system as of considerable effort with
respect to younger individuals (Czaja et al., 2006; Rogers et al., 1996), and be more scared and
resistant to adopt new technologies (Nichaves and Plattfaut, 2014; Wickramasinghe and
Wickramasekara, 2021). Moreover, older individuals may have embedded organizational routines and
practices, being less willing to change them. Following a similar reasoning, also workers with more
years of work experience in their current job position are more likely to resist new technologies with
respect to workers with less job experience (Majchrzak and Cotton, 1988), because they are likely to
identify themselves with organizational routines and practices. However, Damanpour and Schneider
(2009), focusing on managers, suggested an inverted U-shape relationship for age and years of work
experience in public organizations: while young age and few years of work experience will have a
negative effect on innovation adoption due to unfamiliarity with organizational procedures and
processes, with time and experience individuals become skilled and concerned with performance
improvement, thus more open to change. Nevertheless, once individuals identify again with existing
organizational practices, their willingness to innovation and change diminishes (Damanpour and

Schneider, 2009).

Empirical research shows that education has a positive effect on technology acceptance
(Akman et al., 2005; Wickramasinghe and Wickramasekara, 2021), as higher levels of education are
associated with higher cognitive capacities and higher open-mindedness (Czaja ef al., 2006), which
also suggests that well-educated individuals are more likely to accept and use new technologies

(Akman et al., 2005; Czaja et al., 2006).

Individuals’ roles and tasks are also found to influence users’ attitudes (Wickramasinghe and
Wickramasekara, 2021), so differences are expected depending on the organizational position
covered. For example, employees may find it difficult to learn using new technologies
(Wickramasinghe and Wickramasekara, 2021), and they may also feel threatened by them, as many
of their activities could be replaced (Oschinsky et al., 2021). In addition, while managers are likely
to positively perceive PM-induced process transparency, as they can benefit from objective and real-
time process insights, employees may feel threatened by it, due to perceived higher surveillance

(Grisold et al., 2021; Stertz et al., 2021).

We also considered the organization size, which is considered as a fundamental variable for
new technologies’ introduction, despite contrasting results are supported in the literature (Tangi et al.,

2021). As commercial PM solutions are quite expensive and require adequate IT infrastructures, as



well as technical and business competences (Kerremans et al., 2020), small to midsize organizations

could find PM introduction much more challenging.

Figure 3.1. Conceptual framework for Attitude towards PM use in the public sector
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4. Methodology

4.1 Research steps

Digital government projects’ success highly depends on end-users’ acceptance of change (de Vries et
al., 2018; Oschinsky et al., 2021). Research on the public sector mostly investigated factors
influencing end-users IT adoption from a business or citizen perspective, devoting less attention to
the civil servants’ one (Batara et al., 2017; Rehouma and Hofmann, 2018). At the same time, academic
literature on PM adoption and acceptance is lacking (Grisold ef al., 2021; Rott and B6hm, 2022; vom
Brocke et al., 2021), especially in the public sector.

To fill these gaps, we conducted an exploratory study to investigate civil servants’ attitudes
towards PM use. First, we analysed extant literature on IS acceptance in general, in the public sector,
and in relation with PM, which led us to develop five hypotheses to evaluate civil servants’ attitudes
towards PM use. Then, we developed a questionnaire that, once pilot-tested, was administered

between February and June 2023 to a sample of civil servants from different segments of the Italian



public sector to assess their attitude towards PM use. Questionnaire’s results were quantitatively

analysed on Stata.

The focus on the Italian public sector is due to Italy, among EU member states, ranking 20"
for digital public services provision (European Commission, 2022), due to population’s lack of basic
digital skills and inadequate infrastructures. To shorten this lag and accomplish EU digital goals, this
country devoted more than 6 billion euros of its National Recovery and Resilience Plan (European
Commission, 2022) to digitally transform and simplify public administrations’ processes and foster
the country’s competitiveness through investments in innovative technologies, infrastructures, digital
services, and civil servants and citizens’ digital skills (Di Mascio et al., 2022). As PM can really help
public sector organizations achieve these goals, we decided to investigate Italian civil servants’
attitude towards PM use to understand in advance whether it would be favourably accepted by them

to avoid wrong investments.

4.2 Instrument development

We developed a two-section questionnaire (Appendix): the first section consisted of socio-
demographic, job-related, and organizational questions, such as gender, position covered, or number
of workers; the second one focused on civil servants’ perceptions of PM: perceived usefulness,
perceived ease of use, perceived compatibility, personal outcome expectations, anxiety, and attitude
towards PM use. While constructs and items were taken from existing IS theory and validated scales
(Compeau et al., 1999; Davis, 1989; Melone, 1990; Moore and Benbasat, 1991; Taylor and Todd,
1995), we adapted them to fit the research context. Most importantly, we subjectively selected only
items we considered relevant to the examined setting (Table A of the Appendix for details): each
author, independently, examined the items for each construct to evaluate their content validity, their
fit to the context, their clarity, and their semantic redundancy (Diamantopoulos ef al., 2012; Moore
and Benbasat, 1991; Stanton ef al., 2002); then, results were compared. Cohen’s Kappa was computed
to measure the authors’ level of agreement, which was considered acceptable as included between

0.60 and 0.80 (Cohen, 1960) and equal to 0.62 (Table B and C of the Appendix).

Items considered by each author not to be enough content valid, not appropriate for the
analysed context, and redundant or ambiguous were discarded (Moore and Benbasat, 1999) and only
items commonly judged to be suitable for the analysis were retained (Table D of the Appendix). A
brainstorming session was taken to reach a common judgement on the items the authors disagreed
with, and one item was added to measure attitude towards PM use, based on Melone (1990)’s
definition. Retained items also had an individual item loading above 0.70 in previous validated scales

(Compeau et al., 1999) and were suggested to be included in any short scale (Moore and Benbasat,



1991). Once the final items were selected, they were included in the questionnaire, which was

administered to a pilot sample of five civil servants to get feedback on the items’ understandability.

The objective of this procedure was to capture the most relevant meaning with the least
number of items for each construct to achieve parsimony and a higher response rate. As a matter of
fact, one common problem in surveys’ administration is the low response rate, especially when the
number of questions is high and with a similar meaning, which annoys participants and may even
provide low response quality (Ang and Eisend, 2018; Gilbert and Kelloway, 2014; Cheah et al., 2018;
Stanton et al., 2002; Trail et al., 2021; Wanous et al., 1997). Based on this evidence, we chose one
single item for each construct. Despite single-item measures being psychometrically considered
worse than multi-item measures due to lower reliability and construct validity (Diamantopoulos et
al., 2012; Cheah et al., 2018), their use in both the academic and business contexts is increasing
(Sarstedt et al., 2016; Ang and Eisend 2018), especially after Rossiter (2002) and Bergkvist and
Rossiter (2007, 2009) studies, which claim and demonstrate their efficacy and advantages. In
particular, when the object of the construct is concrete and unambiguously understood by its raters,
and also its attributes are concrete (e.g., attitudes, perceptions), single-item measures may suffice
(Ang and Eisend, 2018; Bergkvist and Rossiter, 2007; Rossiter, 2002; Sarstedt et al., 2016). As (a)
the object of our analysis is PM, which was known and clear to participants as they attended lectures
on it (more details in the following paragraph), and whose definition was also provided in the
questionnaire to ensure a common understanding, and (b) the attributes we measured are attitudes and
perceptions towards PM use, single-item measures were considered appropriate. Moreover, single-
item measures are a viable option in exploratory research (Rossiter, 2002; Stanton et al., 2006;
Stebbins, 2001), when small samples are used, and weak effect sizes are expected (Diamantopoulos
et al.,2012; Stebbins, 2001). Our study is exploratory in nature, as it aims to understand PM viability
in the public sector and map out the main variables’ effects, so that the use of single-item measures

was deemed appropriate.

4.3 Data collection

One of the novelties of this study is the investigation of civil servants’ attitude towards PM use prior
to its (eventual) adoption: this implies that public organizations involved in this study had not
introduced PM yet. To obtain reliable answers, we adopted a purposive sampling technique (Etikan
et al.,2016): we selected civil servants from different segments of the Italian public sector (local and
central administrations, regional and national agencies, healthcare organizations, universities, and
others), who attended theoretical and practical courses given by academics and consultants on process

analysis and PM. Despite not using PM in their job activities, participants were knowledgeable about



PM, which ensured more reliable results with respect to distributing surveys to individuals completely
unfamiliar with PM use and techniques. As a matter of fact, according to cognitive approaches,
attitudes activated from memory are more likely to influence perceptions, information processes, and

behaviours with respect to those purposefully constructed in response to a question (Fazio, 1989).

In addition, given that PM is still an uncommon tool in public administration, investigating
the attitude toward its use by those who not only do not use it, but are not even familiar with the tool,
would not have provided reliable insights to answer the research scope. Civil servants attending the
abovementioned courses covered positions such as managers, officers, office holders (officials with
specific assignments), and employees, and were designated by the public organization they work for.
The involvement of different roles rather than merely IT staff was motivated by the empirical nature
of PM, which can make IT and business departments communicate and work together, thus

complementing each other expertise (Reinkemeyer, 2020; van der Aalst, 2016).

Moreover, process stakeholders’ involvement and support, including managers and
employees, is fundamental to deriving PM value potential (Grisold et al, 2020): due to data
democratization, accessibility, and usability within the organization (Reinkemeyer, 2022), anyone can
contribute to better decision-making and higher process efficiency (Grisold et al., 2020). In addition,
Artificial Intelligence (Al), including Generative Al and machine learning, enhances PM
functionalities and intuitiveness, promoting greater usability for both technical and non-technical

users (Detwiler, 2023).

5. Data Analysis and Results

5.1 Descriptive analyses

We administered a questionnaire to a total of 294 civil servants attending the abovementioned lectures
on process analysis and PM, who work in a variety of Italian public organizations, at the local and
central level. After dropping incomplete or partial answers, we got a response rate of 41% (122
complete answers). The majority of the civil servants is of female sex (68.03%), highly educated
(87.71%), older than 50 years old (53.28%) and with more than 20 years of working experience
(41.8%). Mainly, they work as officers (61.48%) and in large organizations (53.28%). Sample
characteristics are reported in Table E of the Appendix.

The descriptive analyses reveal a positive attitude towards PM use: 95.09% of civil servants
favourably perceive PM introduction in the organization they work for (32.79% moderately agree,

62.30% strongly agree), while less than 5% are neutral or slightly disagree.



On average, civil servants moderately agree with the suggested items, except for those related
to outcome expectations and anxiety (Table 1). However, the question for anxiety was negative in
meaning, so a moderate level of disagreement means that civil servants do not feel apprehensive about
using a PM tool. Perceived usefulness and perceived compatibility are the most decisive variables to
enhance civil servants’ attitude towards PM use, followed by perceived ease of use. Personal outcome
expectations are not considered of great relevance for influencing attitude towards PM use, while
anxiety is crucial and civil servants seem to be not apprehensive of using PM. These results are also

confirmed by the statistical analyses reported in the following paragraphs.

Table 3.1. Level of agreement for the model’s variables

Model variables Mean Std. dev. Min Max
Attitude (y) 4.565574 6164106 2 5
Perceived usefulness (x) 4.188525 78553 2 5
Perceived ease of use (x) 3.811475 .8656146 1 5
Perceived compatibility (x) 4.418033 7367582 2 5
Personal outcome expectations (x) 3.344262 9339376 1 5
Anxiety (X) 2.122951 1.064668 1 5

Source: Authors own work

5.2 Statistical analyses

Since the dependent variable of our model is discrete on multiple levels, we performed two ordered
probit regression models: the first one to investigate the influence of independent variables on the
attitude towards PM use; the second one to control for socio-demographic, job-related, and
organizational variables (gender, age, level of education, job position, years of work experience in
current job position, and organization size). We assumed (and results later confirmed) perceptions
would differ depending on the different job position, which itself influences other variables: to
consider this aspect and have better estimates we clustered the standard errors for the job position
(role). Table 2 reports the results of the two ordered probit models side by side. We controlled for
multicollinearity among variables by running two linear regression models, whose variance inflation
factor (VIF) was equal to 1.48 (first model without control variables) and 1.62 (second model with
control variables), thus far below the upper threshold of 10 (Diamantopoulos and Siguaw, 2006).
Tables F and G in the Appendix report VIF analyses’ details.

The ordered probit regression model without controls (Model 1) shows that perceived
usefulness, perceived ease of use, and perceived compatibility are positively correlated with the
attitude towards PM use, while anxiety is negatively correlated. On the other hand, personal outcome

expectations show no correlation with attitude towards PM use. This suggests that the more civil



servants perceive PM as useful to improve their job performances, job fitting, and easy to use, and
the less they feel negative feelings towards its use, the more they will have positive attitudes towards
it. Controlling for socio-demographic, job-related, and organizational variables (Model 2), results

are consistent, despite perceived ease of use’s coefficient reducing significance.

Table 3.11. Model estimation for attitude towards PM use

(Model 1: no controls) (Model 2: with controls)

Attitude towards PM use Attitude towards PM use

Perceived usefulness 0.767"" 0.791™

(0.0984) (0.162)

Perceived ease of use 0.230™" 0.204™

(0.0729) (0.0928)

Perceived compatibility 0.488™ 0.509™

(0.243) (0.200)

Personal outcome 0.172 0.212
expectations

(0.143) (0.167)

Anxiety -0.190"* -0.225™"

(0.0390) (0.0858)

Gender -0.500"*"

(0.129)

Age -0.284™

(0.130)

Education 0.0373

(0.119)

Years of job experience 0.165

(0.0902)

Employee* 0

)

Officer 0.360™"

(0.0748)

Office holder 1.636™"

(0.222)

Manager 0.972™*

(0.141)

Other -0.0135



(0.242)

Organization size -0.0629"

(0.0372)
N 122 122
Pseudo R? 0.30 0.36
AIC 149.7 138.0
BIC 160.9 149.3

Source: Authors own work

Standard errors in parentheses
*p<0.10," p<0.05,"" p<0.01
Notes: When all job position’s dummies are equal to zero, Employee is the considered observation.

The two models provide useful information about how civil servants perceive PM introduction in the
organization they work for and which cognitive, attitudinal, socio-demographic, job-related, and
organizational variables influence their attitudes towards PM use. In Model 1, the well-known
relationships perceived usefulness-attitude and perceived ease of use-attitude from the original TAM
are found to be significant. This is consistent with much work in the IS literature (Davis et al., 1989;
Moore and Benbasat, 1991; Salahshour Rad et al., 2018). Also perceived compatibility and anxiety
explain a significant proportion of variance in attitude towards PM use, while personal outcome

expectations are not influential.

In Model 2 results are confirmed: perceived usefulness, perceived ease of use and perceived
compatibility continue to positively influence attitude towards PM use, anxiety continues to have a
negative effect, and personal outcome expectations continue to have no influence. In Table 3 we report
a summary of the findings and the related hypotheses, which, except for H4, are all supported. Results
are also confirmed by additional tests in Table H and I of the Appendix.

Table 3.I11. Summary of findings and related hypotheses

Variable Hypothesis Relationship with Attitude Supported?
Perceived usefulness H1 + Yes
Perceived ease of use H2 + Yes
Perceived compatibility H3 + Yes
Personal outcome expectations H4 + No
Anxiety H5 - Yes

Source: Authors own work

Considering the control variables, all are related to attitude towards PM use, except for the level of
education. The irrelevance of the level of education on attitude towards PM use may be due to civil
servants receiving the same formation on process analyses and PM, starting from the same level of

knowledge (they did not know about PM): at the end of the seminars, they had the same level of



knowledge on the topic, possibly making their level of education uninfluential on their attitude

towards PM use.

Regarding gender differences on technology acceptance, while contrasting results are present
in the literature, it seems that men show a less positive attitude towards PM use with respect to
women, which suggests that PM may have some peculiar features that make women more willing to
accept PM with respect to men. For example, previous findings highlighted that women are more
process-oriented than men (Venkatesh, 2000): as PM is intrinsically process-oriented, this may
explain why women are more favourable to introduce PM in the organizations they work for with

respect to men.

Consistent with previous literature on IS (Czaja et al., 2006; Rogers et al., 1996;
Wickramasinghe and Wickramasekara, 2021), age negatively influences attitude towards PM use,
while being workers with higher organizational positions than employees (officers, office holders,
and managers) and the years of work experience in the current job position positively influence it.
This latter result may be due to the fact that as job experience increases, individuals become more
knowledgeable about the process and skilled with their tasks, so they are better able to acknowledge
how innovation and new technologies, such as PM, can improve their job performances (Dahabiyeh
and Mowafi, 2023). In addition, consistent with the Schumpeterian hypothesis (Utterback, 1974), we
found that civil servants working in smaller organizations show a more favourable attitude towards
PM use, which may be due to the higher levels of flexibility and collaboration that allow to more

easily introduce IT innovation (Lee and Xia, 2006).

6. Discussion

6.1 Theoretical contribution

Innovation acceptance and adoption have been widely studied across many disciplines, but research
on PM acceptance, especially in the public sector, is still missing. Moreover, no study has investigated
civil servants’ attitudes towards PM use in the pre-adoption stage. This exploratory study is a
pioneering effort that contributes to IS and PM theory advancements in the public sector, by providing
a first understanding of those factors grounded in the IS theory that influence civil servants’ attitude

towards PM use prior to its adoption to understand its implementation viability.

Perceived usefulness is the strongest predictor of attitude towards PM use, which is consistent
with much of previous work on IT adoption in general (Salahshour Rad et al., 2018) and in the public

sector (Wirtz and Piehler, 2016). Also perceived compatibility and perceived ease of use are highly



influential. The concurrent influence of both perceived usefulness and perceived compatibility on
innovation adoption is widely reported (Carter and Belanger, 2005; Nah et al., 2004) and can be
explained by the fact that individuals would not perceive an innovation as useful if also not compatible
with their values, experiences, and work habits (Karahanna et al., 1999). Concerning perceived ease
of use, mixed results in the literature are present (Carter and Belanger, 2005; Davis, 1989);
nevertheless, for complex technologies such as ERP systems perceived ease of use is crucial to reduce
users’ resistance and foster favourable perceptions (Venkatesh and Bala, 2008). As expected, the three
variables are positively related to civil servants’ attitude towards PM use, so that the higher the
perceived levels of usefulness, ease of use, and compatibility, the higher the attitude towards PM use.
The other influential variable on attitude towards PM use is anxiety, which, consistent with previous

studies on IT adoption, has a negative effect (Compeau and Higgins, 1995; Compeau et al., 1999).

Personal outcome expectations, as measured by the increase in competence perceived by
colleagues, have no influence on attitude towards PM use: though peers’ influence has been found
relevant in previous research (Taylor and Todd, 1995; vom Brocke et al., 2021; Wirtz and Piehler,
2016), other study found no relevance (Batara et al., 2017; Compeau et al., 1999). Our result may be
attributed to the fact that once adopted in the organization, PM would be just another IT tool that
workers have to use to perform their activities, meaning that the skills required to use it may be
necessary to work, but not sufficient for gaining additional monetary or personal compensations
(Compeau ef al., 1999), including increased perceived competence. In addition, whether PM is used
in a single department or spread across the organization, its use may not be perceived by civil servants
as something that would differentiate them from their colleagues, either because its use would be
mandated, or because of the public sector context: previous studies suggest that public sector workers
are more oriented towards conducting tasks to satisfy citizens and society’s needs, rather than to gain
additional monetary compensations (Bullock ef al., 2015). In addition, their career advancements are
usually more dependent on formalized systems based on public competitions than in increased
individual competencies and performances (Bullock ef al., 2015). These findings may imply that civil
servants are less influenced by what their colleagues think about their working activities and related
performances, including the use of new technologies, especially if these are mandated by the top-

levels and civil servants must merely conform.

Despite much evidence highlighting contrasting results regarding gender effect on technology
acceptance (Rehouma and Hofmann, 2018), we found that women show more positive attitude
towards PM use with respect to men. This finding deserves more investigation, as women, due to
their process-oriented attitude, may be more prone to adopt and use this tool with respect to men,

which may potentially reduce the occupational gender gap in public organizations. In addition, civil



servants with higher organizational positions than employees, those with more years of work
experience in their current job position, younger individuals, and those working in smaller
organizations show more positive attitudes towards PM use, while the level of education is found to

be not relevant.

However, these results may depend on the chosen items, on the adopted methodology, and on
the specificities of the public sector context and the sample. We encourage IS and PM scholars to
further investigate and extend these paper’s findings: as PM is rapidly emerging and evolving, and
the public sector urgently needs to embark on the digital transformation, such research is now more

than ever needed.

6.2 Practical implications

From a practical point of view, our results show that PM needs to be perceived as useful, easy to use
and job-fitting to be positively accepted. Anxiety plays a crucial role for a favourable acceptance of
PM, which needs to be perceived as the least challenging as possible not to generate feelings of
apprehension for using it. This suggests that public managers should select user-friendly PM solutions
that the best fit the organizational structure and culture, and comply with institutional, political, and
financial requirements. Indeed, if the chosen PM tool is perceived as useful, easy to use, and
consonant by civil servants, they will be more willing to use it, and through training and usage they

will become more self-confident and more skilled (Venkatesh and Bala, 2008).

As extensively found in previous research on new technologies’ adoption (Oschinsky et al.,
2021; Rehouma and Hofmann, 2018), these results suggest that proper communication and clear
information on PM use and benefits must be provided at all organizational levels, together with proper
PM training programs focused on both technical and non-technical features. In fact, to properly
conduct PM projects, it is essential a close collaboration among many functions (Reinkemeyer, 2020):
from the IT staff to the functional departments and the managers. While the technical competencies
of the IT staff are essential (Kubrak et al., 2022), process participants (those executing process
activities) have a much deeper knowledge of process activities, which are crucial for a thorough
process understanding and proper redesigning (Reinkemeyer, 2020). In addition, once the new
working procedures based on PM findings have been developed, process participants must stick to
them (vom Brocke et al., 2021), while managers must monitor, through high-level view dashboards,
the new processes’ performances and adherence. As differences in attitude towards PM use depending
on different organizational positions, job experience, age, and gender have been found, PM training
programs tailored on these variables could optimize civil servants’ learning and, subsequently,

individual and organizational performances.



6.3 Limitations and future research

This paper provides insightful theoretical and practical hints to introduce PM in public sector
organizations and engender positive attitudes towards PM use in the public sector context, but it is

not without limitations, especially due to its exploratory nature and the research approach adopted.

The most critical limitations concern the instrument development. While adopted constructs
and items derive from existing IS theory and validated scales (Compeau et al., 1999; Davis, 1989;
Melone, 1990; Moore and Benbasat, 1991; Taylor and Todd, 1995), we adapted them to fit the
research context and subjectively selected only items we considered relevant to the examined setting.
Moreover, based on evidence suggesting using single-item measures when small samples are used
and weak effect sizes are expected (Diamantopoulos et al, 2012; Stebbins, 2001), such as in
exploratory studies (Rossiter, 2002; Stanton et al., 2006; Stebbins, 2001), we chose one single item
for each construct. However, this implies that we could not statistically analyse our model’s
constructs’ reliability and convergent and discriminant validity. In addition, we performed ordered
probit regression models to analyse our results, as we could not properly use Partial Least Squared
nor Structural Equation Modelling methods. Therefore, our findings should be considered as initial
undertakings to be further investigated and refined by future research using the above-suggested

methodologies.

In addition, the ordered probit regression models we performed only measured the direct effect
of each variable on attitude, while no interaction among them was computed due to multicollinearity
in the interactive terms. To check for multicollinearity in our models, we run two linear regression
models, whose VIF was equal to 1.48 (Model 1) and 1.62 (Model 2). We thus encourage future
researchers to adopt other items or constructs and adopt different methodologies to investigate

interactions among variables, which can reveal useful theoretical and practical implications.

The last limitation concerns the data sample, which may be too small to generalize our
findings to the entire Italian public sector population, as it only involves Italian civil servants familiar
with PM. This also means that cultural aspects may have influenced civil servants’ answers. However,
we selected civil servants with different organizational positions, from different segments of the
Italian public sector, and from organizations of different size to have the most heterogeneous sample
as possible. Future research may collect more data from other public organizations or conduct cross-
comparison studies among different nations to better understand PM acceptance in different public

contexts and more safely generalize these paper’s findings.

Though we are aware of these limitations, this exploratory study provides a first overview of

civil servants’ attitude towards PM use, which is crucial to evaluate its future effective introduction



in the public sector. The proposed model represents a first effort to quantitatively analyse PM adoption
in the public sector by adopting IS lenses and can be a starting point to better refine it through more
advanced statistical methodologies or qualitative interviews to gain deeper insights into the unique

factors influencing PM acceptance in the public sector.

7. Conclusions

The Italian public sector urgently needs to digitalize its infrastructures and services to better satisfy
citizens’ needs and adhere to EU rules, standards, and goals. PM solutions can be key enablers to
digitally transform and simplify public administration processes and generate public value through
improved service quality for internal and external users. However, these achievements are strongly
dependent on civil servants’ usage of PM, which depends on their attitudes towards its use. The
present study contributes to identifying, prior to PM adoption, those factors that can promote or
prevent PM positive beliefs, from cognitive and attitudinal variables like perceived usefulness,
perceived ease of use, perceived compatibility, and anxiety, to socio-demographic, job-related, and
organizational variables like gender, age, job position, years of work experience and organization
size. Identifying them and their relationships is crucial to understand in advance whether PM can be

successfully implemented in the public sector and avoid wrong investments.

This paper reveals that civil servants with basic theoretical and practical knowledge about PM
positively perceive its introduction in the organizations they work for. In particular, civil servants will
more favourably adopt PM if they perceive it as useful to improve their job activities and
performances, easy to use, job-fitting, and they do not feel apprehensive about using this tool. We
also found that women, younger individuals, those with higher organizational positions, and those
with more years of work experience more positively perceive PM introduction, which suggests that
specific PM training programs based on gender, age, job position, and job experience could increase

positive attitudes towards PM use.

Our findings provide policymakers and public managers with valuable insights to consider
PM introduction in public organizations to effectively ride the wave of digital transformation and not
stay behind, as civil servants, if adequately and previously informed about PM usage, and later
supported with PM tailored trainings, would be more ready and willing to use it, which avoid

implementation failures and public money’s waste.

Disclosure statement

The authors report there are no potential conflict of interest to declare.



APPENDIX

1. Tables

Table A. Inter-judge agreement of original items

Construct Definition Original scale Researcher 1 Researcher 2
qualitative qualitative
judgement judgement

Perceived The degree 1. Using the system in Relevant and Relevant and
Usefulness which a person my job would enable pertinent to PM use pertinent to PM use
(Davis, 1989) believes that using me to accomplish tasks and benefit. and benefit.
a particular more quickly.
system would
enhance his or her 2. Using the system Relevant and Too generic in
job performance. would improve my job pertinent to PM use meaning.
performance. and benefit.
3. Using the system in Redundant: Redundant:
my job would increase consequence of the consequence of the
my productivity. items 1 and 2. items 1 and 2.
4. Using the system
would enhance my Redundant: Relevant and
effectiveness on the consequence of the pertinent to PM use
job. items 1 and 2. and benefit.
5. Using the system
would make it easierto Not included not to Not included not to
do my job. overlap with overlap with
Perceived ease of Perceived ease of
use’s items use’s items
6. I would find the
system useful in my Redundant and too Too generic in
job. broad. meaning.
Perceived Ease The degree 1. Learning to operate the Content valid and Content valid and
of Use which a person system would be easy context relevant. context relevant.
(Davis, 1989) believes that using for me.
a system would be
free of effort. 2. I would find it easy to Not trustworthily Not trustworthily
get the system to do answerable due to answerable due to
what [ want it to do. missing usage. missing usage.
3. My interaction with
the system is clear and Not trustworthily Not trustworthily
understandable. answerable due to answerable due to
missing usage. missing usage.
4. 1 would find the
system to be flexible to Not trustworthily Not trustworthily
interact with. answerable due to answerable due to
missing usage. missing usage.
5. It would be easy for me

to become skilful at
using the system.

Quite redundant with
item 1 and not
trustworthily

Redundant with item
1.




I would find the
system easy to use.

answerable due to
missing usage.

Not trustworthily
answerable due to
missing usage.

Not trustworthily
answerable due to
missing usage.

Perceived The degree to Using the system is Almost impossible Almost impossible
Compatibility which an compatible with all due to extensive PM- due to extensive PM-
(Moore and innovation is aspects of my work. induced changes. induced changes.
Benbasat, 1991)  perceived as being
consistent  with Almost  impossible Almost  impossible
existing  values, Using the system is due to extensive PM- due to extensive PM-
needs, and completely compatible induced changes. induced changes.
experiences of with  my  current
potential situation. Content valid and Content valid and
adopters. context relevant. context relevant.
I think that using the
system fits well with
the way I like to work.
Redundant with item Redundant with item
Using the system fits 3. 3.
into my work style.
Personal Perceived  likely If I use the system:
Outcome consequences  of
Expectations using computers My coworkers will Content wvalid and Content valid and
(Compeau et al., related to perceive me as context relevant. context relevant.
1999) expectations  of competent.
change in image
or status or to I will increase my Not feasible in the Not feasible in the

expectations  of
rewards, such as
promotions,
raises, or praise.

chances of obtaining a
promotion.

I will be seen as higher
in status by my peers.

I will increase my

public sector.

Redundant with item
1.

public sector.

Content valid and

context relevant.

chances of getting a Not feasible in the Not feasible in the

raise. public sector. public sector.
Anxiety Feeling of I feel apprehensive Content valid and Content valid and
(Compeau et al., apprehension or about  using the context relevant. context relevant.
1999) anxiety that one system.

experiences when
using computers.

It scares me to think I
could cause (the
computer) to destroy a
large  amount  of
information by hitting
the wrong key.

I hesitate to use (a
computer) for fear of
making mistakes [
cannot correct.

Not feasible due to
participants being
front-end users.

Quite redundant with

item 1 and not
feasible due to
participants being

front-end users.

Not feasible due to
participants being
front-end users.

Redundant with item
1.




(Computers) are
somewhat intimidating
to me.

Redundant with item
1.

Too strong statement.

Attitude An
(Davis et al,

individual's
positive or
1989; Fishbein negative feelings
and Ajzen, 1975; about performing
Taylor and Todd, the target
1995) behaviour.

Using the system is a
bad/good idea.

Using the system is a
foolish/wise idea.

I dislike the idea of
using the system.

Using the system is
unpleasant/pleasant

Too generic meaning.

Preferable to use
different adjectives.

Content valid and
context relevant.

Preferable to wuse
different adjectives.

Too generic meaning.

Not able to capture
participants’ feelings.

Preferable to have a
positive statement.

Not trustworthily
answerable due to
missing usage.

Source: Authors own work



Table B. Contingency table

Researcher 2

Researcher 1 Included Discarded Total
Included 5 3 8
Discarded 1 19 20
Total 6 22 28

Source: Authors own work

Table C. Cohen’s Kappa computation

Agreement measures Values
Observed Proportion of Agreement 0.857142857
Frequency of Agreement 1.714285714
Frequency of Disagreement 15.71428571
Proportion of random agreement 0.62244898
Cohen’ s Kappa 0.621621622

Source: Authors own work

Table D. Scale reduction and developed items

Scale Original Reduced Developed items
length length
Perceived 6 1 Using process mining in my job would enable me to accomplish tasks more
Usefulness quickly.
Perceived Ease of 6 1 Learning to operate process mining would be easy for me.
Use
Perceived 4 1 I think that using process mining fits well with the way I like to work.
Compatibility
Personal Outcome 4 1 If I use process mining my co-workers will perceive me as competent.
Expectations
Anxiety 4 1 I feel apprehensive about using such a new system like process mining.
Attitude 4 1 Overall, I favourably see the introduction of process mining in the
organization I work for.
TOTAL 28 6

Source: Authors own work



Table E. Sample characteristics

Sample characteristics Frequency Percent
Gender Female 83 68.03
Male 39 31.97
Other 0 0.0
Age <35 1 0.82
36-40 4 3.28
41-45 17 13.93
46-50 35 28.69
51-55 27 22.13
>55 38 31.15
Geographic area Emilia-Romagna 16 13.11
Sardinia 99 81.14
Tuscany 7 5.73
Highest level of education Undergraduate diploma 9 7.37
Bachelor 6 491
Master 64 52.46
Postgraduate courses/PhD 43 35.25
Job position Manager 17 13.93
Officers 75 61.48
Office holders 7 5.74
Employees 15 12.30
Other 8 6.56
Years of experience in <5 30 27.87
current job position 5-10 7 5.74
11-20 34 24.59
>20 51 41.8
Organization size <10 5 4.10
10-50 20 16.39
50-100 15 12.30
100-250 17 13.93
>250 65 53.28
Type of public organization CENTRAL ADMINISTRATIONS 28 22.96
Ministries 16 13.12
National bodies of welfare and social 1 0.82
assistance
Fiscal agencies 5 4.10
Regulatory bodies of economic activity 4 3.28
Other central administrations 2 1.64
LOCAL ADMINISTRATIONS 94 77.04
Regional administrations 77 63.14
Other local administrations 3 2.46
University and public institutions of higher 12 9.84
education
Regional and provincial agencies and bodies 1 0.82



for education, research, and the environment
Other 1 0.82

Source: Authors own work



Table F. VIF analysis Model 1

Variable VIF 1/VIF
Perceived usefulness 1.56 0.642907
Perceived ease of use 1.28 0.778534
Perceived compatibility 1.84 0.544351
Personal outcome expectations 1.53 0.652152
Anxiety 1.17 0.854521
Mean VIF 1.48

Source: Authors own work

Table G. VIF analysis Model 2
Variable VIF 1/VIF
Perceived usefulness 1.66 0.600914
Perceived ease of use 1.33 0.750757
Perceived compatibility 1.92 0.520953
Personal outcome expectations 1.62 0.618501
Anxiety 1.27 0.785500
Gender 1.20 0.835121
Age 1.68 0.596430
Education 1.21 0.826890
Years of job experience 1.67 0.598844
Employee*
Officer 2.55 0.391691
Office holder 1.52 0.659001
Manager 2.31 0.432303
Other 1.57 0.635479
Organization size 1.19 0.840648
Mean VIF 1.62

Source: Authors own work



Table H. Spearman correlation tests among the dependent variables (Attitude towards PM use) and
independent variables

Dependent Variable Independent Variables Spearman’s rho P-value
(Attitude)
Perceived Usefulness 0.5341 0.0000
Perceived Ease of Use 0.3935 0.0000
Perceived Compatibility 0.5436 0.0000
Personal Outcome Expectations 0.3482 0.0001
Anxiety -0.1287 0.1578

Source: Authors own work

Table I. Multiple hypotheses correction tests

Dependent  Independent Variables Model p- Resample p-  Romano-Wolf Holm
Variable value value p-value p-value
(Attitude)
Perceived Usefulness 0.0000 0.0010 0.0010 0.0050
Perceived Ease of Use 0.0283 0.0010 0.0010 0.0020
Perceived Compatibility 0.0108 0.0010 0.0010 0.0030
Personal Outcome Expectations 0.2029 0.0010 0.0010 0.0010
Anxiety 0.0086 0.0010 0.0010 0.0040

Source: Authors own work

Notes: Romano-Wolf step-down adjusted p-values
Number of resamples: 1000



11. QUESTIONNAIRE

Section 1. Socio-demographic, Job-related, and Organizational Questions
1) Organization, specify:

2) Organization size:

>10

10-50

50-100

100-250
>250

oo oo o

3) Geographical area, specify:
4) Gender:

o Male
o Female
o Other

Less than 35 years old
From 36 to 40 years old
From 41 to 45 years old

m
m
m
o From 46 to 50 years old
o From 51 to 55 years old
m

Over 55 years old

6) Highest level of education:

Undergraduate diploma, specify:
Bachelor’s degree, specify:
Master’s degree, specify:

o oo g

Postgraduate courses/Ph.D., specify:

7) Job position:

Employee
Officer
Office holder
Manager

o o oo o

Other, specify:

8) Years of experience in current job position:

o <5
o 5-10



o 11-20

o >20
Before moving to the next section, please read this brief background information on Process Mining.
Please consider this information when providing your answers.

Process Mining is a modern technology that provides a transparent and objective view of how
processes take place within an organization. In particular, Process Mining uses data that are tracked
in the company's information systems to discover how processes are actually carried out within the
organization, verify compliance with regulatory models, detect inefficiencies and bottlenecks,
compare different variants of the same process, identify which tasks can be automated, perform
predictive and prescriptive analyses, and run simulations (van der Aalst, 2016).

Section 2. Attitude towards Process Mining use

In this section we ask you to express your expectations about the potential use of Process Mining in
carrying out  your  activities: (1 Strongly  disagree; 5  Strongly  agree)

- Using Process Mining in my job would enable me to accomplish tasks more quickly.

- Learning to operate Process Mining would be easy for me.

- I think that using Process Mining fits well with the way I like to work.

- If I use Process Mining my co-workers will perceive me as competent.

- I feel apprehensive about using such a new system like Process Mining.

- Opverall, I favourably see the introduction of Process Mining in the organization I work for.

References

van der Aalst, W.M.P. (2016). Process mining: Data Science in Action, Springer.






Chapter 4 Process Reengineering and Public Value Creation:

Using Process Mining in Courts®*°

Abstract

Little research has devoted attention to the Process Mining (PM) potential to enhance the judiciary.
This study aims to apply PM techniques to identify the critical elements that primarily affect the trials’
duration and suggest the best practices to enable their more efficient execution, reduce their duration

and, consequently, create public value, through a case study conducted in an Italian Civil Court.

Through PM analyses and in-depth discussions with the court staff, we analysed the trials with the
longest duration and those belonging to a specific subject matter to identify peculiar features and
inefficiencies that prolong the trials’ duration, focusing on bottlenecks and inefficient activities that

slow down trials and identifying activities’ thresholds to monitor the trials’ execution and limit delays.

Our results highlight how innovative tools like PM can revolutionise the judicial system by providing
judges with objective trials data that can support and facilitate the entire trials’ definition. However,
many issues, especially related to the little spread data culture and process-oriented approach in
courts, are highly present, leading to data inconsistencies and subsequent difficulties in trials’ analysis

and interpretation.

1. Introduction

Justice administration is an area of great criticality, mainly due to the excessive trials’ length (Troisi
and Alfano, 2023). This is particularly true for Italy, among the EU member States with the longest
civil and commercial trials’ duration (Pernici et al., 2024) and the worst disposition time (measure of

the average trials’ definition time considering all pending cases and those concluded in the observed

3 This chapter has been published as a journal article and can be consulted in its complete and official form here: Racis,
S., Spano, A. and Latti, G. (2024). “Process reengineering and public value creation: using process mining in
courts”, International  Journal of Public  Sector Management, Vol. ahead-of-print No. ahead-of-
print. https://doi.org/10.1108/1JPSM-02-2024-0049

* We thank the Cagliari Civil Court for its valuable and active support in the data collection and processing phases.

® This research was supported by the Italian Ministry of Justice PON Governance e Capacita Istituzionale 2014-2020
(Operating National Program Governance and Institutional Capacity) under grant [code CUP B25F22000000001]
“Giustizia Smart: Strumenti e Modelli per ottimizzare il lavoro dei giudici”.


https://www.emerald.com/insight/publication/issn/0951-3558
https://doi.org/10.1108/IJPSM-02-2024-0049

period) and clearance rate (measure of the judicial system capacity to define submitted trials in a time
interval) indicators (Cepej, 2022). Although the increasing interest in the judiciary performance from
different scientific disciplines (Chohan, 2020) led to the identification of plausible causes for the poor
Italian judicial system performance (Busetti and Vecchi, 2018; Pernici et al., 2024), previous public

sector reforms to tackle them were not sufficiently effective.

The National Plan for Recovery and Resilience (NPRR), introduced to recover from the Covid
19 pandemic, may act as a catalyst to improve the Italian justice quality and efficiency, as it lists
justice among the horizontal reforms, which must be pursued by digitalising and simplifying judicial
and administrative procedures and recruiting new judicial and operating staff to reduce trials’ length
and pending cases’ backlog and improve judicial offices’ performance (Pernici et al., 2024). The
NPRR also prescribes better ways to detect the main factors leading to prolonged trials’ length and
timeliness (Pernici et al., 2024) as, for example, “reducing civil trials’ duration by 50% can increase
the average size of Italian manufacturing firms by about 10%” or “reducing bankruptcy trials’
definition from 9 to 5 years can boost the Italian economic productivity by 1.6%” (Piano Nazionale
di Ripresa e Resilienza, 2021, p. 56). Based on these premises, this study adopts Process Mining (PM)
techniques to identify critical inefficiencies and potential for trials improvement, using data from a

southern Italy civil Court.

Although statistics and data mining have widely been used to analyse the judicial system
efficiency (Armonas Colombo et al., 2017; Ippoliti and Tria, 2020; Pernici ef al., 2024), only a few
studies have devoted attention to the role PM can play within the justice sector to analyse and improve
the judicial performance (Bianchini et al., 2023; Campi et al., 2023; Martino ef al., 2021; Pernici et
al., 2024; Unger et al., 2021). Nevertheless, PM represents a process-based approach able to meet
public sector goals, such as higher resilience and flexibility to adapt to a complex and changing
environment, throughput time service reduction, new technologies exploitation, and increased

citizen-centredness (Ongaro, 2004).

Contributing to this trend, this study applies PM techniques, supported by in-depth discussions
with the court staff, a magistrate from the Cagliari Civil Court, and legal experts, to analyse the trials’
performance of the Cagliari Civil Court and detect crucial inefficiencies and areas for trials’
improvement and reengineering, with the final goal of generating public value by delivering justice
in a fair, timely and efficient manner (Santolamazza et al., 2024): an efficient judicial system is
fundamental for a well-functioning society and a booster for a sound economic growth (Ippoliti and

Tria, 2020; Troisi and Alfano, 2023).



Our results suggest that PM is a valuable tool to immediately reveal trials’ inefficiencies and
bottlenecks and help judges and the court staff members in their evaluations, decisions and actions,
contributing to delivering justice fairly and timely. In addition, PM revealed a very high trials
variability, even within the same subject matter, which mainly derives from a little spread data culture
in courts that leads to an unsystematic data recording and, consequently, to data inconsistencies. We
also identified the activities that most significantly affect the trials’ duration and three activities’
thresholds that could be used as Key Performance Indicators (KPI) to monitor the trials’ timeliness

and avoid delays.

This paper is structured as follows: in Section 1, we introduce the context and the aim of our
study; in Section 2, we present the theoretical background of our research, introducing PM discipline
in general and in the judiciary field; in Section 3, we report the adopted methodology; in Section 4,
we present our results, which are discussed, together with the limitations, in Section 5; in Section 6,

we finally conclude, synthesising the main implications.

2. Theoretical Background

PM is a recent discipline within the broader field of Business Process Management (van der Aalst,
2016), which exploits both computational intelligence and data analysis, on the one hand, and process
modeling and analysis, on the other, to discover, monitor, and improve actual processes (van der Aalst
et al., 2012). By (automatically) extracting knowledge about a given process from the digital traces
(event logs) recorded in organizations’ Information Systems (IS) (van der Aalst, 2016), PM allows to
objectively and immediately reconstruct the actual (not assumed) process execution, allowing
multiple analyses to identify inefficiencies and bottlenecks to improve or reengineer it (van der Aalst,
2022). For example, PM can analyse the sequence of activities to identify all possible process variants
(control-flow perspective); the resources, human and non-human, involved in a process, to identify
activities performed by each actor and the relationships between them (organisational perspective);
the specific properties of a case (case perspective); the time and frequencies of activities to identify

bottlenecks and extreme values (time perspective) (van der Aalst et al., 2012).

Data extraction is thus a fundamental part of PM, which requires logs available in XES
(eXtensible Event Stream) format (van der Aalst, 2016). More in detail, logs contain traces, traces
contain events, and each of them has its own attributes (van der Aalst, 2016). Specifically, each event
is related to a specific case (e.g., divorce) and refers to an activity (e.g., referral) that happened in a
definite moment in time (e.g., 20-08-2021:10.03). Each event and case must be univocally identified

and may also have additional properties, such as resources involved, costs, and quantities (van der



Aalst, 2016). Table I shows an example of event logs from a judicial setting, where each line
corresponds to an event, the case ID refers to the trial’s number, and resources, as they refer to judges,

are pseudonymized.

Table 4.1. An example of event log from a judicial setting

Case ID Activity Timestamp Resource

1020836 ‘Into Decision’ 15-09-2021:10.03 9F3ESC8E3DAAI
1020836 ‘Referral to Hearing’ 20-10-2021:15.37 8A889F686F0D93
1020836 ‘Actual Referral’ 03-11-2021:09.45 8A889F686F0D93
1020836 ‘Reserve’ 10-11-2021:16.02 9C3DDEF1473C6
1105549 ‘Actual Referral’ 30-05-2021:09.28 665AFEEC7BDF5
1105549 ‘Referral to Hearing’ 16-06-2021:14.54 665AFEEC7BDF5
1114099 ‘Enrolment to General Role’ 30-01-2022:12.06 9C3DDEF1470E0
1114099 ‘Actual Referral’ 12-02-2022:11.49 9C3DDEF1470E0
1114099 ‘Referral to Hearing’ 03-03-2022:15.11 9C3DDEF1470E0
1114099 ‘Reserve’ 27-03-2022:09.21 9C3DDEF1470E0

Source: Authors own work

Beyond process discovery described above, PM also allows the comparison between an existing
process model with an event log of the same process to check for deviations (conformance checking),
which in the judicial context is extremely useful to compare the trials’ process-flow with an ideal or
benchmark process model to identify discrepancies, and extend or improve it by using process
information recorded in an event log (process enhancement) (van der Aalst, 2016), which allows to

address trials’ critical issues and redesign or even reengineer them.

Due to its potential, PM allows to effectively analyse, simplify, and reengineer justice
administration (Unger et al., 2021), which, as a fundamental public service requiring numerous
activities, would highly benefit from a process-based view (Linna ef al., 2010). For example, although
each trial has its own peculiarities due to the specific case and subject matter, and a different activities’
flow due to their different frequency or order, the identification of a benchmark process model, at
least for the most prominent and frequent cases pertaining to each subject matter, would provide
guidelines to speed up trials, reduce inefficiencies and ensure specific timeframes. In addition, as PM
allows to compare the actual trial’s conduct not only against a benchmark model to detect process
deviations, but also against other trials’ process variants allowed by the law or related to similar cases,
it could provide judges with a detailed map of trials’ processes that can support them in selecting the

most suitable model to adopt to settle each specific court case.

Indeed, as PM provides timely and objective information about the actual process execution,
either through charts and tables or process-flow visualization (Jans and Eulerich, 2022), it may be an
essential aid for judges and policymakers to make the most appropriate decisions to streamline the

judicial system, optimally allocate resources (Unger et al., 2021) and create public value.



However, despite increasing PM applications in a variety of sectors (Spano et al., 2023;
Zerbino et al., 2021), the judiciary one remains still little impacted by PM, which is yet claimed to be
a promising tool to enhance justice administration (Nunes, 2020) and increase judicial efficiency
(ABJ, 2020). The latter has been differently conceptualized and measured by researchers (Ippoliti and
Tria, 2020; Troisi and Alfano, 2023); here, we intend judicial efficiency as reduced trials’ bottlenecks
and length. From this perspective, an efficient justice system can generate public value contributing

to the economic system growth and restoring a vision of speedy and impartial justice to the society.

A few studies have already highlighted PM benefits in the judiciary, particularly in Brazil
(Gusmao, 2021; Unger et al., 2021; Vasconcelos et al., 2018) and Italy (Bianchini et al., 2023; Campi
et al., 2023; Martino et al., 2021; Pernici et al., 2024). In the Brazilian courts, PM has mostly been
applied to analyse trials’ activities and duration to identify inefficiencies, bottlenecks and their root-
causes (Unger et al., 2021; Vasconcelos et al., 2018), as well as for conformance checking and
predictive analyses (Gusmao, 2021). On the other hand, PM applications to the Italian judicial system
have focused more on advanced monitoring (Martino et al., 2021) and predictive (Campi et al., 2023;

Pernici et al., 2022; Pernici et al., 2024) techniques to reduce trials’ length.

Our study is a mixture of the two avenues, as it adopts process discovery techniques to identify
the most frequent activities influencing trials’ duration and suggest potential paths and thresholds to
ensure a fair trial duration, in Italy stated by the Constitution and the Pinto Law (L.89/2001), which
sets the maximum time limits for trials’ conclusion, beyond which citizens may claim compensation

due to excessive duration.

3. Methodology

We defined the boundaries and the scope of the research project together with some court staff
members who took part in the project, determining to apply PM techniques to trials concluded in
2021 and 2022 in the Cagliari Civil Court and to focus on trials variants, activities and throughput
time. Trials data were collected in collaboration with the Cagliari Court, which provided Excel
spreadsheets containing data extracted from the Italian civil digital judicial information system

(SICID).

As trials data are often registered unsystematically by judges or registrars (Bianchini et al.,
2023), who may enter some events immediately, but others all together at once after some time
(Campi et al., 2023), inconsistencies and anomalies are common. In addition, many trials have
procedural or administrative activities occurring and registered after the case-closing event, so they

still appear to be in place despite being de facto concluded. These shortcomings were present in the



provided data, so that we needed to clean and enrich them to solve quality issues before conducting

PM analyses.

In more detail, we first cleaned, enriched, and prepared the data in Python to identify, reduce,
and correct missing values and redundant or inconsistent activities. Then, we uploaded the dataset to
the Celonis PM software to perform our analyses, focusing on process discovery, variants analysis,
performance analysis and bottlenecks detection, with a particular emphasis on the control-flow and

time perspectives.

During both phases we conducted brainstorming sessions with legal experts and the court staff
to share findings and receive explanations and recommendations on how to proceed. For example,
they pointed out the existence of different situations regarding the referrals and judge substitutions
activities: it is possible to distinguish referrals of ordinary administration, which indicate a mere
transition to subsequent activities (e.g., referral to another hearing) and referrals that instead indicate
an actual postponement due to external factors (e.g., referral for the parties’ failure to appear). In the
rest of the analysis, the first type of referral will be called ‘Referral to Hearing’ (Rinvio a udienza),
while the second one ‘Actual Referral’ (Rinvio); the term ‘Referral’ will instead indicate the two types
together. Similarly, it is possible to distinguish among substitution for hearing, by substitution, and
on the roster: in the first two cases, the judge is substituted only for a specific event and not for the

entire trial, which happens instead in the judge substitution on the roster.

3.1 Data cleaning, enrichment and preparation

We were provided with two main databases: “STOR definiti”, containing the compulsory elements
of event logs, and “Elenco definiti”, containing additional information such as the subject matter, the
case-closing event, and the case-closing event date. These two databases were joined through the
common key identifier “NUMPRO”. Missing values were disregarded and only completed (not

pending) and concluded cases were considered.

With legal experts’ support, activities and subject matters with the same content but different
denominations were aggregated, leading to 313 activities (from 433) and 31 subject matters (from
42). These aggregations were added in two new database’s columns not to lose the more specific
information in the original ones. In addition, after conducting a first data analysis on the totality of
trials (23,373), we narrowed the analysis to only those enrolled in the last 10 years (2012-2022) to
have a specific timeframe (we were provided data on trials concluded in 2021 or 2022) and avoid

outliers’ impact.



The total trials’ average duration is about three years, thus in line with the reasonable trial’s
duration. Precisely, 76% (17,855) of trials lasted a maximum of three years, 22% (5,116) lasted
between three and ten years, and just about 2% (402) lasted more than ten years, with the longest one
lasting almost 50 years and belonging to the subject matter ‘Rights in rem, possession and transcripts’.
Mostly, the longest trials belong to the subject matter ‘Corporate law — trials subject to the ordinary
procedure under Legislative Decree No. 5/2003°, while the shortest ones to the ‘Precautionary

proceedings at the Superior Tribunal of Public Waters’.

Considering the last ten years (22,961 trials), most cases pertain to the subject matters ‘Ante
causam injunction trials’ (5,683), which follow a more streamlined process than ordinary trials,
‘Family’ (5,151), ‘State of the person and personal rights’ (3,092), and ‘Contracts and Miscellaneous
Obligations’ (2,676).

3.2 PM analyses

Completed this phase, we uploaded the data to Celonis to conduct our analyses, starting with process
discovery and variants analysis to assess the actual trials’ process-flow and their deviations. Then, we
performed performance analysis to identify trials’ bottlenecks, focusing on the control-flow and time

perspectives to identify the most critical activities on the trials’ duration.

However, due to the use of the Celonis academic licence, we faced some limitations, such as
the impossibility of uploading a dataset with more than 100,000 rows; as our dataset had 547,419
rows in total, we had to narrow it before the upload. Based on the statistical analyses conducted on
Python, we decided to construct two different datasets with a maximum of 99,999 rows each and
narrowed our analysis to the longest trials and the subject matter ‘Contracts and Miscellaneous
Obligations’, the fourth largest subject matter for number of cases and directly known and
experienced by one of the authors. The two new databases were developed by ascendingly ordering

the trials ID (NUMPRO) and then including only those inside the first 100,000 rows.

4. Results

4.1 The longest trials

4.1.1 General Overview

The longest trials’ sample includes 1,999 cases, started between 2012 and 2016 and ended in 2021

and 2022, with a median duration of almost 7 years. On average, each trial has 50 activities, the most



frequent being ‘Referral to Hearing’, ‘Filing of Uncodified Document’ (Deposito Atto Non
Codificato), ‘Filing of Memoranda’ (Deposito Memorie) and ‘Actual Referral’. Among the most
frequent subject matters, ‘Contracts and Miscellaneous Obligations’, ‘Family’, ‘Non-contractual
liability’ and ‘Rights in rem, Possession and transcripts’ also present a significantly long trials’
duration. The most frequent case-closing events are ‘Filing Judgement-Publication’ (Deposito
Sentenza-Pubblicazione) (47%) and ‘Verbal Judgement’ (Sentenza a Verbale) (23%): this may explain
the quite long duration of these trials, which involve a full judicial process’s handling and are thus

more complex and longer. Figure 1 presents a general overview of the longest trials.

Figure 4.1. General overview of the longest trials
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Source: Authors own work

4.1.2 Variant Analysis

By analysing the trials’ flow through the ‘Variant Explorer’, we found an extremely high variability,
as almost every trial is conducted differently, even within the same subject matter. This is consistent
with previous studies (Unger et al., 2021) highlighting the ad hoc nature of trials’ activities.
However, this result may partly be due to the decision not to previously sort activities: as only
the event date, but not the execution time of individual activities is registered in the IS, activities
happened on the same day are alphabetically ordered, which may lead to a not accurate representation
of trials’ conduct. Nevertheless, we decided not to apply any sorting to face the complex reality of
applying new technologies such as PM in contexts where data are not systematically collected.
Despite the variability being 100%, there is a trial variant repeated identically in two cases, falling
under the subject matter ‘Contracts and Miscellaneous Obligations’. This variant, shown in Figure 2,

lasts about five and a half years, almost one year and a half less than the average of the analysed trials.



Figure 4.2. Most frequent trial’s variant of the longest trials
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The analysis of this variant in collaboration with the court staff led to the identification of a sequence
ofinitial activities (within the box) that could be associated with a higher level of trials standardisation.
By using advanced selection functions such as the “Activity Selection”, which allows selecting cases
presenting or not specific activities, and the “Process Flow Selection”, which allows ordering
activities, we found that 64% of the cases present this sequence of initial activities (‘Enrolment to
General Role’ — ‘Assignment to Section’ — ‘Judge Designation’ — ‘Hearing Scheduling”)®, yet
following differently for the remaining activities. Figure 3 shows this complexity by considering only

the five most frequent trials variants.

® (Iscrizione ruolo generale — Assegnazione a sezione — Designazione giudice — Fissazione udienza). See
Glossary in the Appendix for details.



Figure 4.3. The longest trials’ complexity considering the most frequent trials’ variants following
the sequence of initial activities identified as standardizable

Source: Authors own work

The quite low level of homogeneity may be due to the unsorting activities’ choice and to the trials’
subject matter: for example, such a sequence cannot be followed by ‘Ante causam injunction trials’,
which do not involve the ‘Hearing Scheduling’ activity and follow a separate procedural process. The
same procedure cannot be performed to identify a reference sequence of final activities, as a trial can

conclude in 27 different ways depending on the individual case’s specificities.



4.1.3 Activities and bottlenecks analyses

Through the “Process Overview” function we identified the most critical trials’ bottlenecks that
significantly prolong trials’ duration, which are mostly related to the activities ‘Referral to Hearing’,
‘Actual Referral’, ‘Postponement Hearing’ (Differimento Udienza) and ‘Judge Substitution on the
Roster’ (Sostituzione Giudice Sul Ruolo), present in 99%, 91%, 86%, and 60% of the cases,
respectively, and jointly occurring in 48% of them. These activities are also highly interrelated: the
‘Actual Referral’ and ‘Referral to Hearing’ activities respectively occur in 92% and 99% of the cases
in which either the ‘Postponement Hearing’ or the ‘Judge Substitution on the Roster’ activities are

present.

We also identified bottlenecks due to the same activity repeating consequentially (loop). For
example, in 56% of the cases (1,117) the ‘Referral to Hearing’ activity is followed again by the
‘Referral to Hearing’ activity, with an elapsed time of 105 days. The second most significant loop
concerns the ‘Postponement Hearing’ activity, which affects only 20% of the cases (400), but with an
elapsed time of 189 days. On the contrary, the ‘Filing of Memoranda’ activity, despite occurring in
loop in 73% of cases (1,456), does not significantly affect the trials’ duration, as an average of 4 days
elapses between two subsequent memoranda filings. Likewise, the activity ‘Judge Substitution on the
Roster’, occurring in loop in just 7% of the cases (131), does not affect the trials’ duration, as 53 days
elapse between the two activities; in contrast, the ‘Actual Referral’ activity does, as 98 days elapse
between two subsequent referrals, despite occurring in just 24% of the cases (490). Figure 4 shows

the activities that mostly impact trials’ duration, based on their frequencies and throughput time.



Figure 4.4. The activities that mostly impact the longest trials’ duration, based on their frequencies

and throughput time

Activity Source Activity Target Affected cases # Occurrences Total throughput time in days
REFERRAL TO HEARING REFERRAL TO HEARING 1,116 105
REFERRAL TO HEARING POSTPONEMENT HEARING 631 750 127
HEARING SCHEDULING CONSTITUTION OF PARTIES 874 875 105
REFERRAL TO HEARING ACTUAL REFERRAL 660 821 110
POSTPONEMENT HEARING POSTPONEMENT HEARING 400 474 189
POSTPONEMENT HEARING FILING OF MEMORANDA 259 276 302
REFERRAL TO HEARING UNCODIFIED DOCUMENT 452 639 120
ACTUAL REFERRAL ACTUAL REFERRAL 489 746 98
POSTPONEMENT HEARING UNCODIFIED DOCUMENT 438 468 152
FILING OF MEMORANDA RESERVE 581 630 110
FILING OF MEMORANDA REFERRAL TO HEARING 649 714 91
JUDGE SUBSTITUTION FOR HEARING REFERRAL TO HEARING 535 739 85
REFERRAL TO HEARING FILING OF UNCODIFIED DOCUMENT 8471310 44
REFERRAL TO HEARING RESERVE 703 830 68
ACTUAL REFERRAL REFERRAL TO HEARING 569 697 77
IN DECISION FILING OF THE DRAFT FINAL JUDGEMENT 539 539 94
RESERVE REFERRAL TO HEARING 821 [ 1079| 43
JUDGE SUBSTITUTION FOR HEARING ACTUAL REFERRAL 341 643 70
REFERRAL TO HEARING JUDGE SUBSTITUTION ON THE ROSTER 417 500 87
REFERRAL TO HEARING ANNOTATION 494 653 64
POSTPONEMENT HEARING ANNOTATION 408 469 84
IN DECISION FILING OF CLOSING STATEMENTS 596 648 60
POSTPONEMENT HEARING REFERRAL TO HEARING 309 349 106
RESERVE POSTPONEMENT HEARING 254 293 119
ACTUAL REFERRAL FILING OF MEMORANDA 1,006 DTG 30
REFERRAL TO HEARING JUDGE SUBSTITUTION BY SUBSTITUTION 302 313 105
JUDGE SUBSTITUTION FOR HEARING JUDGE SUBSTITUTION ON THE ROSTER 278 327 81

Source: Authors own work

The following paragraphs report the analyses performed by filtering for the most impactful activities

on trials’ duration: referrals, judge substitutions on the roster, and postponements hearing.
4.1.3.1 Analysis by ‘Referral’

The ‘Actual Referral’ and ‘Referral to Hearing’ activities are not present in just 9% and 1% of the
cases, respectively: this led us to assume that these activities are not necessarily inefficiencies, but
they become such when excessively recurring within the same trial, prolonging its duration. From an
in-depth discussion with a magistrate of the Cagliari Civil Court, it emerged that the ‘Actual Referral’
activity, for example, is physiological to the ordinary trials’ conduct when it does not occur more than

four times within a trial, which happens in 74% of the cases.

Analysing both activities through the “Rework Selection” function (a feature to analyse the
activities’ distribution), a skewed distribution emerges, with most of the values clustered on the left

side of the curve, as shown in Figure 5.



Figure 4.5. Frequency distribution of the activities ‘Actual Referral’ and ‘Referral to Hearing’ of

the longest trials
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Trials having the ‘Actual Referral’ activity (91%) have a duration of about seven years (2,531 median
days). Those within the 4 referrals’ threshold (74%) last shortly less (2,451 median days), with those
without any referral (172) having a much shorter duration (2,282 median days). Only 110 extreme
cases have between 9 and 25 referrals, for a duration of almost eight years (2,856 median days).
Similarly, trials with the ‘Referral to Hearing’ activity (99%) last about seven years (2,507 median
days). However, only 37% of them (739) have up to 4 referrals, during almost six and a half years
(2,261 median days). Most cases (1,010) have between 3 and 6 referrals, for a duration of just over
six and a half years (2,440 median days), while only 2% have between 17 and 30 referrals, for a
duration of almost eight and a half years (3,039 median days).

This highlights how the over-repeated referrals’ activities cause the trials’ duration to expand
considerably, especially considering the limited number of cases (see Figure 6): not only because of

the time elapsing between referrals, but also because of the additional procedures involved in such



activities. For example, the longest trial (almost 11 years) has 20 referrals (5 actual referrals and 15

referrals to hearing), 6 of which occurring in loop.

Figure 4.6. Over-repeated ‘Actual Referral’ impact on the longest trials’ duration
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4.1.3.2 Analysis by ‘Judge Substitution on the Roster’

Also the ‘Judge Substitution on the Roster’ activity (Figure 7) presents an extremely right-skewed
distribution, with 89% of the cases (1,778) having up to 2 substitutions, and most of these (805) with
no substitutions at all, for a duration of about six and a half years (2,426 median days). Only 11% of
the cases (221) have between 3 and 7 substitutions, for a duration of over seven years (2,635 median
days). Supported by an in-depth discussion with a magistrate of the Cagliari Civil Court, it emerged
that this activity should be avoided and limited to few and exceptional situations, as it involves the
substitution of a judge for the entire trial and not only for specific events, which drastically prolongs

trials’ duration due to the new judge analysing again all trial’s documents and context.



Figure 4.7. Frequency distribution of the ‘Judge Substitution on the Roster’ activity and impact on

the longest trials’ duration
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4.1.3.3 Analysis by ‘Postponement Hearing’

The ‘Postponement Hearing’ activity (Figure 8) presents a less pronounced right-skewed distribution,
with 62% of the cases (1,248) having up to 2 postponements, 41% of which (516 cases) having 2
postponements hearing. The remaining 38% of the cases have between 3 and 10 postponements
hearing, for a duration of about seven years (2,640 median days). Interestingly, trials with no
postponement hearing (14%) last more (2,445 median days) than those with 1 and 2 postponements
hearing (2,427 and 2,439 median days, respectively).

Sharing these results with a magistrate of the Cagliari Civil Court, it emerged that a number

between 0 and 2 postponements hearing can be considered physiological to the ordinary trials’



conduct, for which such activity, which implies anticipating or postponing an already fixed hearing
for justified needs of the party or the defender, may be necessary to ensure an adequate time for the
parties to provide evidence. However, when this threshold is exceeded, this activity becomes

inefficient, further prolonging the trials’ duration.

Figure 4.8. Frequency distribution of the ‘Postponement Hearing’ activity and impact on the

longest trials’ duration
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4.2 Contracts and Miscellaneous Obligations

4.2.1 General Overview

The ‘Contracts and Miscellaneous Obligations’ trials’ sample includes 2,327 cases, started between

2012 and 2022 and ended in 2021 and 2022, with a median duration of almost four years. As shown



in Figure 9, each trial has, on average, 30 activities, whose the most frequent are ‘Filing of Uncodified
Document’, ‘Referral to Hearing’, ‘Filing of Memoranda’, ‘Actual Referral’, and ‘Postponement
Hearing’. The most frequent case-closing events are ‘Verbal Judgment’ (28%), ‘Filing Judgment-

Publication’ (19%), ‘Cancellation’ (Cancellazione) (15%) and ‘Extinction’ (Estinzione) (13%).

Figure 4.9. General overview of the ‘Contracts and Miscellaneous Obligations’ trials
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Trials ending with the activity ‘Filing Judgment-Publication” have the longest duration (about six and
a half years, 2,408 median days), followed by those ending with ‘Verbal Judgement’ (about four and
a half years, 1,742 median days), ‘Extinction’ (almost three years, 1,079 median days) and
‘Cancellation’ (over two and a half years, 1,018 median days). As ‘Cancellation’ and ‘Extinction’
cover almost 30% of the cases, this may partly explain their shorter duration with respect to the
longest trials’ sample. As a matter of fact, contrary to trials ending with the activities ‘Verbal
Judgment’ or ‘Filing Judgment-Publication’, those ending with ‘Cancellation’ or ‘Extinction’ have a

much shorter duration, as they require a smaller number of steps.

Nevertheless, the trial’s duration definitely depends on its specificities, as well as on the
subjective decision-making process of judges. This aspect was also pointed out by a magistrate from
the Cagliari Civil Court, who emphasized that on the one hand, judges’ discretion in governing trials
is fundamental to adequately adapt each specific situation to be compliant with the law: in fact, despite
trials being regulated by the law, judges have their own level of discretion to decide how to govern
them. On the other hand, the judges’ managerial and organizational capacities strongly influence
trials’ length: not because of the judges’ power discretion, but because of their capacity to manage

their decisions in a timely manner and not cause delays.



4.2.2 Variant Analysis

Despite the expected homogeneity for trials within a specific subject matter, the variability remains
extremely high: the first 17 most common process variants, which cover just 2% of the cases, group
only between two and a maximum of four cases each. In addition, these variants are very different

from each other in terms of both activities’ flow and throughput time, so they cannot be taken as

reference models.

As for the previous sample, we checked how many trials followed the sequence of initial
activities identified before, which occurs in 55% of the cases. However, while most trials follow this

initial sequence, they then proceed in a variety of different ways, as shown in Figure 10, which reports

the 11 most frequent process variants.

Figure 4.10. The eleven most frequent ‘Contracts and Miscellaneous Obligations’ trials’ variants

following the sequence of initial activities identified as standardizable
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4.2.3 Activities and bottlenecks analyses

The most critical trials’ bottlenecks, as for the longest trials’ sample, are related to the activities
‘Referral to Hearing’, ‘Actual Referral’, ‘Postponement Hearing’ and ‘Judge Substitution on the
Roster’, which are present in 79%, 67%, 70%, and 26% of the cases, respectively, and jointly occur
in 20% of the cases. These activities are also strongly interrelated, particularly with the activity
‘Referral to Hearing’, which occurs in 95% and 90% of the cases in which the activities ‘Judge
Substitution on the Roster’ and ‘Postponement Hearing’ are present, contrary to the ‘Actual Referral’,
which occurs in 87% and 80% of the cases in which these activities occur, respectively. Among the
most frequent and most impactful activities on trials’ duration, especially when preceding other
activities, is also the ‘Reserve’ (Riserva) activity. Figure 11 shows these activities and their impact on

trials’ duration in detail.

Concerning the most relevant activities occurring in loop, ‘Referral to Hearing’ and ‘Actual
Referral” affect 29% and 11% of the cases, respectively, with an elapsed time of 104 days each and
an occurrence of 1,468 and 339 times, respectively. Like the longest trials’ sample, the ‘Filing of
Memoranda’ activity, occurring in loop in 49% of the cases, does not significantly affect trials’
duration, as 4 days elapse between two immediately following memoranda filings. On the other hand,
the ‘Judge Substitution on the Roster’ and ‘Postponement Hearing’ activities, despite happening in
loop in just 1% and 13% of the cases, do, as 182 (about 130 days more than in the longest trials’
sample) and 152 days elapse between two subsequent judge substitutions and postponement hearings,

respectively.



Figure 4.11. The activities that mostly impact the ‘Contracts and Miscellaneous Obligations’ trials’

duration, based on their frequencies and throughput time

Activity Source Activity Target Affected cases # Occurrences Total throughput time in days

REFERRAL TO HEARING REFERRAL TO HEARING 740 1,468 104
POSTPONEMENT HEARING UNCODIFIED DOCUMENT 464 510 210
HEARING SCHEDULING CONSTITUTION OF PARTIES 681 681 104
REFERRAL TO HEARING POSTPONEMENT HEARING 503 587 119
REFERRAL TO HEARING ACTUAL REFERRAL 532 623 105
REFERRAL TO HEARING UNCODIFIED DOCUMENT 444 570 113
POSTPONEMENT HEARING POSTPONEMENT HEARING 338 391 152
FILING OF MEMORANDA REFERRAL TO HEARING 457 507 96
POSTPONEMENT HEARING FILING OF MEMORANDA 218 229 205
POSTPONEMENT HEARING ANNOTATION 401 452 95
FILING OF MEMORANDA RESERVE 441 479 89
REFERRAL TO HEARING RESERVE 455 507 75
REFERRAL TO HEARING ANNOTATION 444 534 69
ACTUAL REFERRAL REFERRAL TO HEARING 316 371 99
REFERRAL TO HEARING FILING OF UNCODIFIED DOCUMENT 655 907 40
ACTUAL REFERRAL ACTUAL REFERRAL 272 339 104
JUDGE SUBSTITUTION FOR HEARING REFERRAL TO HEARING 287 384 91
RESERVE POSTPONEMENT HEARING 238 268 114
ACTUAL REFERRAL FILING OF MEMORANDA 949 966 30
RESERVE REFERRAL TO HEARING 594 723 40
IN DECISION FILING OF THE DRAFT FINAL JUDGEMENT 312 312 89
POSTPONEMENT HEARING FILING OF UNCODIFIED DOCUMENT 793 1,092 24
UNCODIFIED DOCUMENT FILING OF UNCODIFIED DOCUMENT 830 1,237 19
FILING OF MEMORANDA UNCODIFIED DOCUMENT 168 175 132
REFERRAL TO HEARING IN DECISION 65 67 336
POSTPONEMENT HEARING REFERRAL TO HEARING 216 231 94
REFERRAL TO HEARING JUDGE SUBSTITUTION ON THE ROSTER 222 252 85

Source: Authors own work

4.2.3.1 Analysis by ‘Referral’

Concerning the longest trials’ sample, trials having the ‘Referral to Hearing’ (79%) or the ‘Actual

Referral’ (67%) activity are less frequent and shorter, as they last nearly four and a half years (1,591

median days) and nearly five years (1,761 median days), respectively. In addition, most cases have

only one ‘Actual Referral’ or ‘Referral to Hearing’, for a duration of about three and a half and nearly

two years, respectively.

Trials with both activities (61%) last about five years (1,908 median days), while those

without any ‘Actual Referral’ or ‘Referral to Hearing’ last about 498 and 288 median days,

respectively. Both types of referrals do not significantly affect trials’ duration when occurring within

the previously identified efficiency threshold (0-4 referrals): trials having up to 4 ‘Actual Referral’

(2,109) or ‘Referral to Hearing’ (1,663) last about 1,240 and 946 median days, respectively. However,

when this threshold is exceeded, the trials’ duration expands by about three years (2,484 and 2,353

median days median days, respectively). Figure 12 reports these details.



Figure 4.12. Comparison of the frequency distribution and the impact on trials’ duration of the

‘Actual Referral’ and ‘Referral to Hearing’ activities in the ‘Contracts and Miscellaneous

Obligations’ trials

Frequency distribution: ACTUAL REFERRAL

700

600

500

400

300

200

Number of occurrences

100

0

400

350

300

250

200

150

100

Mumber of occurrences

50

0

2,000

1,500

1,000

500

o 1 2 3 G 7-16
Distribution
Frequency distribution: REFERRAL TO HEARING
1 2 3 4 & 7 8 9-19
Distribution
ACTUAL REFERRAL REFERRAL TO HEARING
2,500 days
2.500 days
1.500 2.000 days
2.000 days
1.500 days
1,500 days 1,000
1,000 days 1.000 days
500
500 days 500 days
0 days 0 0 days
0-4 =4 0-4 =4
# Cases  |ul Total throughput time in days # Cases  |al Total throughput time in days

Source: Authors own work




4.2.3.2 Analysis by ‘Judge Substitution on the Roster’

Compared to the longest trials’ sample, the ‘Judge Substitution on the Roster’ activity is much less
present, occurring in just 26% of the cases. Trials without substitutions (1,676) last about two and a
half years (1,036 median days), those with one (422) or two substitutions (200) last about six years
(2,193 and 2,170 median days, respectively), and those with more than three substitutions last more
than eight and a half years (3,196 median days), which emphasises this activity’s impact on trials’

duration, as Figure 13 shows.

Figure 4.13. Frequency distribution of the ‘Judge Substitution on the Roster’ activity and impact on

trials’ duration in the ‘Contract and Miscellaneous Obligations’ trials

Frequency distribution: JUDGE SUBSTITUTION ON THE ROSTER
1,800
1,600
1,400
1,200
1,000

800
600

400

Number of occurrences

200

[4]

Distribution

JUDGE SUBSTITUTION ON THE ROSTER

1500 2,000
1,500
1,000
1,000
500
500
1] 0
] ==1
# Cases |l Total throughput time in days

Source: Authors own work



4.2.3.3 Analysis by ‘Postponement Hearing’

Similar to the longest trials’ sample, most cases (68%) have between 0 and 2 postponements, for an
average duration of nearly three years (1,085 median days). Trials with no postponement (531) last
just over one year (454 median days), those with one postponement (613) three years (1,093 median
days), those with two postponements (520) more than four and a half years (1,728 median days), and
those with more than two postponements (621) nearly six years (2,151 median days), as shown in

Figure 14.

Figure 4.14. Frequency distribution of the ‘Postponement Hearing’ activity and impact on trials’

duration in the ‘Contract and Miscellaneous Obligations’ trials
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4.2 .4 Efficient trials

In agreement with the court staff, we decided to focus on the most efficient trials only, excluding trials

with the ‘Judge Substitution on the Roster’ activity (as considered non-physiological to the efficient



trials’ conduct) and imposing an upper threshold of four ‘Actual Referral’ and two ‘Postponement

Hearing’. In fact, as the number of ‘Actual Referral’ and ‘Postponement Hearing’ per case increases,

the trials’ duration also increases, in contrast with the number of cases (see Figure 15).

Figure 4.15. Impact on the ‘Contracts and Miscellaneous Obligations’ trials’ duration of the over-

repetition of the ‘Actual Referral” and ‘Postponement Hearing’ activities
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Trials that comply with these requirements, presented in Figure 16, account for 50% of the cases and

last about two years.

Figure 4.16. General overview of the most efficient ‘Contracts and Miscellaneous Obligations’

trials
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Almost all cases (1,224) include the activities ‘Enrolment to General Role’ and ‘Hearing Scheduling’,

while the sequence of initial activities identified as a benchmark candidate occurs in more than half

of these (708), which mostly end with the activities ‘Verbal Judgement’ (148), ‘Extinction’ (129),

‘Cancellation’ (113), ‘Filing Judgement-Publication’ (107) and ‘Total Acceptance’ (62).



Trials with no ‘Actual Referral’ mostly end with the activity ‘Total Acceptance’ (22%), while
trials with one or more ‘Actual Referral’ mostly end with the activity ‘Verbal Judgement’ (21%).
Similarly, also trials with one or two ‘Postponement Hearing’ mostly end with the activity ‘Verbal
Judgement’ (26% and 32%, respectively), while those without any postponement mostly end with the
activity ‘Extinction’ (19%).

Considering trials with no referrals, postponements, and judge substitutions on the roster
(278), the duration is about 288 median days, and the most frequent case-closing event is ‘Total
Acceptance’ (29%). However, the absence of these activities does not necessarily guarantee a better
quality of trials’ execution; on the contrary, a certain number of referrals and postponements is, as the
analyses and discussions with the court staff revealed, physiological and appropriate for efficiently

conducting trials.

5. Discussion and limitations

5.1 Insights for theories

The analysis of trials using PM techniques is a quite new research avenue, with few experimentations
across the globe. Like previous studies on this topic, our research also focuses on a specific case
study, identifying critical issues that deserve the attention of those involved, with different

responsibilities, in the judicial system to arrange appropriate improvements.

The first critical issue is related to the data culture, as also emerged from previous qualitative
analyses conducted in an earlier phase of this research work. Although Information Technology (IT)
has been widely promoted to make the justice system more efficient (Bianchini et al., 2023; Faik and
Walsham, 2013), data related to trials are often collected unsystematically, leading to subsequent
difficulties in their correct interpretation and analysis. For example, trials data from the Cagliari Civil
Court are registered in the IS by recording only the date, but not the execution time of individual
activities. This is not to be underestimated, as PM software assigns (if a predefined order is not set)
an alphabetical order to activities occurred on the same day, which, however, is not necessarily their
actual execution order, which leads to difficulties in analysis and an excessive process variability. In
addition, trials events data are sometimes registered in the IS not as they individually occur, but even

all at once after time has passed, which leads to data inconsistencies.

A spread data culture and a fruitful collaboration among court personnel and data engineers
is thus strongly advocated to develop IT solutions able to meet court personnel’s needs (Faik and

Walsham, 2013) and reduce interpretivism and decision complexity. This also includes a coding



system’s harmonisation of subject matters and activities (Faik and Walsham, 2013), which we
attempted to do in collaboration with court staff and legal experts, to standardize trials among
different courts, but even within the same court, as it happens that the same activity is registered in
the IS with a different denomination by different actors, which again leads to data inconsistencies and

an excessive process variability.

Future research may replicate PM-based analyses in different judicial jurisdictions to highlight
the critical issues that characterise each one and, in a benchmarking approach, identify the best
practices to share. As highlighted, the adoption of PM techniques to analyse trials data is highly
promising and applicable to any judicial setting, conditional on trials data registered in the court IS

(Bianchini et al., 2023).

5.2 Recommendations for practitioners

To enhance PM adoption in the judiciary, it is essential that court personnel acknowledge how a data
and process-oriented approach can support and speed up trials’ conduct. Indeed, a process-oriented
approach is naturally present among court staff members, but a deeper focus on trials’ flow and

bottlenecks is required, based on objective analyses.

PM provides such objectivity by exploiting trials data already gathered in courts’ IS, allowing
the reconstruction of the actual trials’ conduct and the identification of the main bottlenecks to
manage. For example, a relevant bottleneck is the high repetition of certain activities that lengthen
the trials’ duration or frequently occur in loop. In both analysed samples, the main bottlenecks are
related to the activities ‘Actual Referral’, ‘Referral to Hearing’, ‘Postponement Hearing’, and ‘Judge
Substitution on the Roster’, which are also strongly interrelated. However, while a certain number of
‘Actual Referral’ and ‘Postponement Hearing” can be considered physiological and valuable to the
fair and equitable trials’ conduct, as they can foster agreements between the parties, the same cannot
be said for the ‘Judge Substitution on the Roster’ activity, which should be limited to few and specific
situations, as it requires a new judge analysing again all trial’s documentation, which drastically
prolongs trials’ duration. Trials that jointly meet the efficiency thresholds identified for the ‘Actual
Referral’ (between 0 and 4) and the ‘Postponement Hearing’ (between 0 and 2) activities present a
shorter duration, lasting about six and a half and two and a half years, respectively, for the longest
trials’ sample and those from the ‘Contracts and Miscellaneous Obligations’ one. Furthermore,
concerning the subject matter ‘Contracts and Miscellaneous Obligations’, the trials hypothesised to
be efficient, as they lack the ‘Judge Substitution on the Roster’ activity and jointly meet the efficiency
thresholds identified for referrals and postponements hearing last about two years. This suggests that

the presence of the activity ‘Judge Substitution on the Roster’ and the meeting of the efficiency



thresholds identified for the ‘Actual Referral’ and ‘Postponement Hearing’ activities could be used as

KPI to predict and monitor the reasonable trials’ length.

In fact, the trials’ length depends not only on inefficient activities, but also on the judges’
decision-making process and their managerial and organizational capacities in governing trials. PM
can be a valuable tool also to address these points: first, it can support judges in more easily, quickly,
and consistently selecting the most suitable model to adopt, based on similar or normative trials, to
settle each court case; then, it can help judges in timely governing trials, by providing them with a

variety of KPI to monitor the trials’ flow.

5.3 Limitations

As a research paper focused on a single case study, some limitations related to the specific context,
especially considering data quality and collection, must be mentioned. One of the main limitations
relates to the events’ data registration, for which only the date, but not the execution time of each
activity is registered in the court IS. While such recording should always be crucial for reconstructing
an accurate trial’s process-flow, it is even more important when using PM techniques for issues related
to sorting. Although these can be avoided by assigning, together with judicial system experts, a
specific order to activities, we decided not to apply any sorting to deal with the great complexity

affecting the actual daily job in the Cagliari Civil Court.

Another data-related limitation regards the lack of an available benchmark process model for the
efficient trials’ conduct, so that we could not perform conformance checking analyses. On the one
hand, a one-size-fit-all benchmark process model is not feasible, as each trial’s conduct is by its nature
ad hoc and dependent on the specific subject matter it pertains to; on the other, it should be helpful to
develop specific benchmark process models for each subject matter. However, despite directly
collaborating with the court staff and a magistrate specialized in the ‘Contracts and Miscellaneous
Obligations’ subject matter, we were not provided with such a benchmark. Nevertheless, we were
able to identify at least one sequence of initial activities (‘Enrolment to General Role’ — ‘Assignment
to Section’ — ‘Judge Designation’ — ‘Hearing Scheduling’) that can be followed by most trials to
standardize and homogenize them, at least for the first part of trials’ conduct. Another limitation of
this study is that we did not analyse any correlations between the obtained results and the judges
involved, their high turnover (except indirectly by considering the substitution activity), the workload,
the chancery staffing, or the complexity of specific cases that may contribute to the excessive trials’
length (Moody and Marvell, 1987; Steelman and Fabri, 2008). Such analyses represent opportunities

for further research in this area, but particular attention to PM analyses on individual judges is



required to avoid power and hegemony loss, particularly tricky in organizations with a strong cultural

identity (Palumbo and Manna, 2020).

Other avenues for further research regard the interplay of PM, artificial intelligence and
machine learning to transform unstructured data in sentences and related documents into structured
data that can be analysed with PM techniques, thus providing much more information and enriching

results (Bianchini et al., 2023).

6. Conclusions

Administering justice properly and efficiently is critically important, especially in a country like Italy,
often sanctioned by the EU for the excessive trials’ length. The NPRR is a crucial opportunity to
streamline and digitalise the justice system and consequently generate greater public value through

better and faster justice delivery to citizens.

These study’s findings provide valuable information to support policymakers in defining new
organisational arrangements consistent with the actual situation of the Italian courts. For example,
high levels of judges’ substitution or turnover do not necessarily depend, in a direct way, on the
individual court. In contrast, a high number of referrals can also be addressed, within certain limits,
directly. Therefore, when measuring and evaluating courts’ performance it is essential to consider
these aspects and avoid negatively evaluating courts for issues beyond their direct control:

performance measurement and evaluation systems should be adjusted consistently.

The results of this study demonstrate how innovative tools like PM allow to analyse trials’
activities and detect inefficiencies, bottlenecks, and other critical issues directly from data recorded
in the IS. This represents a significant advancement, as trials data already held by courts can be
directly exploited to identify proper actions and improvements and ensure a better-quality service to
citizens and businesses. For example, the trial’s duration could be significantly reduced by limiting
the number of referrals and postponements hearing, the number of activities occurring in loop, or by
avoiding the judge substitution on the roster activity, except for justified reasons. Furthermore, PM
tools allow to compare the actual trial’s conduct against a benchmark model to identify and rectify

discrepancies or ease the judge’s decision-making process.

To fully exploit PM potential, a more data-driven and process-oriented approach must be
developed within the courts, where it is currently present, but must be strengthened: court members,
both judges and administrative, often perceive the inefficiencies that delay trials, but lack objective
data to base analyses and propose changes. Additionally, it is essential to inform and train all court

members about the proper use of PM techniques and the benefits it can bring, not only to direct and



indirect users within the court, but also to society due to a more streamlined and objective justice
delivery. The correct use of PM, combined with the right mindset, can be pivotal to streamlining trials
and contributing to creating value for the whole socioeconomic system, restoring to citizens and

businesses a vision of a fair, expeditious, and accessible justice system for all.

Conflict of Interest Disclosure

The authors report that there are no potential conflicts of interest to declare.



APPENDIX - GLOSSARY

Table A. The most frequent trials’ activities: Italian — English translation

Activity name (Italian)

Activity name (English)

Rinvio

Rinvio a Udienza

Differimento Udienza
Sostituzione Giudice sul Ruolo
Riserva

Deposito Atto Non Codificato
Deposito Memorie

Annotazione

Sostituzione Giudice per I’'udienza
Atto Non Codificato

Deposito Sentenza-Pubblicazione
Sentenza a Verbale

Cancellazione

Estinzione

Accoglimento Totale

Iscrizione a Ruolo Generale
Assegnazione a Sezione
Designazione Giudice

Fissazione Udienza

Actual Referral

Referral to Hearing
Postponement Hearing

Judge Substitution on the Roster
Reserve

Filing of Uncodified Document
Filing of Memoranda
Annotation

Judge Substitution for Hearing
Uncodified Document

Filing Judgement-Publication
Verbal Judgement

Cancellation

Extinction

Total Acceptance

Enrolment to General Role
Assignment to Section

Judge Designation

Hearing Scheduling

Source: Authors own work



Table B. The most frequent longest trials’ subject matters: Italian - English translation

Subject matter (Italian)

Subject matter (English)

Contratti e obbligazioni varie

Famiglia

Responsabilita extracontrattuale

Diritti reali - possesso - trascrizioni

Altri istituti e leggi speciali

Contratti Bancari

Locazione e comodato di immobile urbano - affitto di
azienda

Controversie di diritto amministrativo

Successioni

Diritto societario - procedimenti ante d.l.vo n. 5/2003

Procedimento per convalida di sfratto
Procedimenti cautelari ante causam

Persone giuridiche e diritto societario (Persone
giuridiche)

Procedimenti cautelari in genere (Altri)

Diritto industriale - vecchio rito

Fallimento e procedure concorsuali
Procedimenti possessori

Agraria

Cause in materia minorile

Procedimenti cautelari ante causam (lstr. Preventiva)

Stato della persona e diritti della personalita

Contracts and Miscellaneous Obligations
Family

Non-contractual liability

Rights in rem, possession and transcripts
Other institutions and special laws
Banking contracts

Lease and loan for use of urban property - business lease

Administrative law disputes
Probates

Corporate law — trials subject to the ordinary procedure

under Legislative Decree No. 5/2003

Eviction validation proceedings

Ante causam precautionary measures

Legal entities and corporate law (legal entities)

Precautionary proceedings in general (Others)
Industrial law - old procedure

Bankruptcy and insolvency proceedings

Possessory proceedings

Agrarian

Juvenile matters cases

Ante causam Precautionary proceedings (Preventive
Inquiry)

State of the person and personal rights

Source: Authors own work






Conclusions

Since the PM discipline developed and refined, PM has started to be increasingly adopted by different
kinds of organizations worldwide, revealing as a powerful engine to improve organizational
performance and value production. However, its application has been distinct for each organization,

depending on the economic sector and on the specific level of IS and process maturity.

For example, we found out that PM has been widely adopted in the healthcare sector, where
the highly complex, unstructured, and often ad hoc nature of healthcare processes is particularly
appealing for PM, which can provide a deeper understanding of them and consequently higher quality
care and timely and safer services, with positive impacts on the healthcare system’s costs and
especially patients’ health. Contrariwise, PM has little been used in the public sector, where we found
that it could help delivering public services to citizens and businesses in a more effective way and
supporting the digital transformation. In fact, civil servants believe PM can enhance the public sector
digital transformation by supporting data management and decision-making regarding investment
and organizational strategies, complementing digitalization projects, enhancing process transparency,
efficiency, and standardization, and improving the organizational performances and working
conditions. These results suggest that PM could be the missing link between the digitalization and the

digital transformation of the public sector.

By converging BPM and digital innovation fields of research, we found that PM is generally
positively perceived by civil servants, who mostly perceive PM opportunities related to the BPM core
elements Governance and Methods/IT, while mostly feel the PM challenges related to People and
Strategic Alignment. In addition, the most perceived PM opportunities and challenges individually
considered are both related to Governance, which highlights that transparency and accountability are

crucial for a PM successful introduction in the public sector.

The most relevant variables influencing civil servants’ perceptions of PM opportunities and
challenges are the job position and the organization type. In particular, the most perceived PM
challenges and opportunities individually considered are both more perceived by employees, while
civil servants working in central PA perceive more the first ones and less the second ones with respect
to those working in other types of organizations, particularly healthcare organizations. On the other
hand, the organization size does not appear to really influence PM adoption in the public sector, which
is consistent with the systematic literature review findings from which emerges that the organization
size is hardly ever mentioned in the included papers, suggesting it is not necessarily a critical factor
for PM adoption. Nevertheless, civil servants working in smaller organizations perceive PM

opportunities related to technical elements more than those working in the larger ones, while also



perceiving PM challenges related to technical and people elements more than them. In addition, they
show a more favourable attitude towards using PM with respect to those working in larger

organizations.

As PM is perceived to impact the socio-technical system, it is important to prepare
policymakers, managers, and civil servants technically and culturally. In fact, PM solutions can be
key enablers to digitally transform and simplify public administration processes and generate public
value through improved service quality for internal and external users, but these achievements are

strongly dependent on civil servants’ usage of PM, which depends on their attitudes towards its use.

We found that civil servants with basic theoretical and practical knowledge about PM
positively perceive its introduction in the organizations they work for. In particular, civil servants will
more favourably adopt PM if they perceive it as useful to improve their job activities and
performances, easy to use, job-fitting, and they do not feel apprehensive about using this tool. We
also found that women and those with higher organizational positions more positively perceive PM
introduction, which suggests that specific PM training programs based on gender and job position

could increase positive attitudes towards PM use.

As these Thesis’ findings show that PM is favourably perceived by civil servants with basic
PM knowledge, policymakers could more confidently consider strategies to introduce this tool in
public organizations to achieve higher process transparency, efficiency, and accountability, with less
probabilities of implementation failures. In fact, if adequately and previously informed about PM
usage, benefits, and critical aspects, and later supported with PM tailored trainings focused on both
technical and non-technical features, civil servants from all organizational levels could be more ready

and willing to use it, which avoid implementation failures and public money’s waste.

In addition, our findings reveal that PM can be a key enabler of the public sector digital
transformation, providing policymakers and public managers with interesting insights to effectively
ride the wave of digital transformation and not stay behind. In fact, public organizations worldwide
are urged to digitalize their services and processes to generate public value and better satisfy citizens’
needs. In Italy, the NPRR represents a crucial opportunity to successfully digitalize and simplify the
public administration. In particular, it can contribute to streamlining and digitalising the justice
system and consequently generating greater public value through better and faster justice delivery to

citizens.

Although IT has been widely promoted to make the justice system more efficient (Bianchini

et al, 2023; Faik and Walsham, 2013), PM potential to analyse trials data is still an uncharted field.



To enhance PM adoption in the judiciary, it is essential to foster a data culture and a process-oriented
approach into courts, as well as to promote a fruitful collaboration among court personnel and data
engineers to develop IT solutions able to meet court personnel’s needs (Faik and Walsham, 2013),
reduce interpretivism and decision complexity, and speed up the trials’ conduct. In fact, the trials’
length depends not only on inefficient activities, but also on the judges’ decision-making process and
their managerial and organizational capacities in governing trials. PM can support judges in more
easily, fast, and consistently selecting the most suitable model to adopt to settle each court case and

in timely governing trials, by providing them with a variety of KPIs to monitor the trials’ flow.

The three empirical studies of this Thesis focus on the Italian public sector, meaning that
results are not directly generalizable to other public sector contexts due to structural and cultural
aspects. In addition, the data sample we used to receive more reliable feedback regarding PM
perceptions in the pre-adoption phase may be too small to generalize our findings to the entire Italian

public sector population, as it only involves civil servants with some level of PM knowledge.

Avenues for further research entail conducting similar studies in other countries to compare
findings or focus on public organizations from the same public sector segment to identify peculiar
features to better understand PM acceptance and use in different public contexts and more safely
generalize these Thesis’ findings. For example, future research may replicate PM-based analyses in
different judicial jurisdictions to highlight the critical issues that characterise each one and, in a
benchmarking approach, identify the best practices to share. PM social network analyses, cautiously

conducted, represent additional opportunities for further research in this area.

In addition, the model we proposed to evaluate civil servants’ attitude towards PM use could
be refined through more advanced statistical methodologies or qualitative interviews to gain deeper
insights into the unique factors influencing PM acceptance in the public sector. Other areas deserving
more investigation regards women attitudes towards PM use, who seem more prone to adopt and use
this tool with respect to men: if confirmed, women may be more involved in STEM jobs, potentially

reducing the occupational gender gap in public organizations.

Finally, further research may investigate the interplay of PM, artificial intelligence and
machine learning to transform unstructured data into structured data that can be analysed with PM
techniques, thus providing much more comprehensive processes’ information able to bring process

analysis to the highest levels.
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