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Process Mining is an active research domain and has been applied to understand and

improve business processes. While significant research has been conducted on the de-

velopment and improvement of algorithms, evidence on the application of Process Min-

ing in organisations has been far more limited. In particular, there is limited under-

standing of the opportunities and challenges of using Process Mining in organisations.

Such an understanding has the potential to guide research by highlighting barriers for

Process Mining adoption and, thus, can contribute to successful Process Mining initia-

tives in practice. In this respect, this paper provides a holistic view of opportunities

and challenges for Process Mining in organisations identified in a Delphi study with 40

international experts from academia and industry. Besides proposing a set of 30 oppor-

tunities and 32 challenges, the paper conveys insights into the comparative relevance

of individual items, as well as differences in the perceived relevance between academics

and practitioners. Therefore, the study contributes to the future development of Pro-

cess Mining, both as a research field and regarding its application in organisations.
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1 Introduction

Process Mining (PM), a specialised form of data-driven process analytics, enables the extraction of de-

tailed insights regarding process behaviour, process performance, conformance of processes to existing

process models, and process improvement opportunities from event logs (van der Aalst, 2016). Due to

their data-driven character, PM insights support evidence-based process improvement (Partington et al.,
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2015) and strategic decision-making (Mans et al., 2013), which are important enablers of digital transfor-

mation (Kerremans et al., 2020). The significance of PM is illustrated by its widespread adoption across

a wide range of industries and the rise of PM vendors such as Apromore, Celonis and Fluxicon (Reinke-

meyer, 2020).

Over the last decade, substantial research in the area of PM has been conducted (Thiede et al., 2018).

Significant efforts on the technical side have resulted in maturing PM algorithms. Recently, research

attention has been devoted to topics such as predictive process monitoring (e.g., Kratsch et al. 2020;

Teinemaa et al. 2019), data quality (e.g., Fischer et al. 2020), and algorithms for specific domains such

as healthcare (e.g., Chiudinelli et al. 2020). While prior research has mainly focused on the development

and improvement of PM algorithms, case studies reporting on the application of PM have also been pub-

lished (e.g., Andrews et al. 2020). These case studies typically provide rich insights into the use of one

or more PM techniques in specific organisational contexts and draw lessons regarding points of attention

for the use of PM in the organisation (e.g., Reinkemeyer 2020). Though being highly valuable, such

insights are often limited to the boundaries of a single organisation. A more generic and holistic under-

standing of the opportunities and challenges of using PM in organisational settings would complement

existing insights based on case studies. Such an understanding is needed to guide research by revealing

barriers for PM adoption and highlighting avenues that the PM research community should explore to

contribute to successful PM initiatives. In industry, it could help to shape the roadmap for PM initiatives

leveraging relevant opportunities, while being fully conscious about the prevailing challenges. Against

this background, this paper investigates the following research question: What are the opportunities and

challenges of using PM in organisations?

To approach the research question, we perform a Delphi study with PM experts from both academia

and industry. Delphi studies are an explorative qualitative research method, consisting of multiple rounds

in which experts provide and collaboratively reflect on insights into a given topic (Kerpedzhiev et al.,

2021). Our Delphi study resulted in a list of 30 opportunities and 32 challenges relevant for the suc-

cessful use of PM in organisations. The opportunities and challenges are structured along the BPM core

elements (i.e., strategic alignment, governance, methods/information technology (IT), people, and cul-

ture; de Bruin and Rosemann 2007) and, for the opportunities regarding methods/IT, along the phases

of the BPM lifecycle (i.e., process discovery, process analysis, process redesign and implementation,

and process monitoring and controlling; Dumas et al. 2018). In addition to the list of opportunities and
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challenges, we also provide insights into their comparative relevance as judged by the expert panel, as

well as the differences in the perceived relevance between academics and practitioners. Hence, this study

imparts an understanding of the areas in which PM can contribute and indicates points of attention when

adopting PM. Furthermore, it highlights important avenues for future research in the area of PM.

The rest of the paper is structured as follows: Section 2 provides background and related work.

Section 3 outlines the study design and research method. Section 4 presents the main findings of our

study. Section 5 presents a discussion, including relevant contributions and limitations of the study. The

paper ends with a conclusion and outlook into future research in Section 6.

2 Background & Related Work

2.1 Business Process Management

BPM is “a body of methods, techniques and tools to identify, discover, analyse, redesign, execute and

monitor business processes in order to optimise their performance" (Dumas et al., 2018, p. 6). A business

process represents “a collection of interrelated events, activities and decision points that involve a number

of actors and objects, which collectively lead to an outcome that brings value to at least one customer"

(Dumas et al., 2018, p. 6). From a process lifecycle perspective, BPM includes the activities of process

identification, discovery, analysis, redesign, implementation, and monitoring and controlling (Dumas

et al., 2018; Rosemann and vom Brocke, 2015c). Apart from the lifecycle perspective, BPM has been

increasingly conceptualised as a corporate capability that can be decomposed into distinct capability

areas, typically grouped into respective capability frameworks (Kerpedzhiev et al., 2021; Van Looy et al.,

2014). Accordingly, many BPM capability frameworks and maturity models have been proposed over

the years (Van Looy et al., 2017). One comprehensive and widely-adopted framework is that of de Bruin

and Rosemann (2007), which consists of thirty capability areas grouped along the six core elements of

BPM: strategic alignment, governance, methods, IT, people, and culture. Since we deemed the core

elements accurately reflected experts’ input, we used them to structure the challenges and opportunities

from the second round onwards. Section 3 provides details on this decision.

2.2 Process Mining

2.2.1 Development of the Field

PM, a field situated at the intersection between data science and process science, aims to extract knowl-

edge from event logs to discover, monitor, and improve business processes (van der Aalst, 2016). Hence,
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it supports various BPM lifecycle phases using data about the execution of a process (van der Aalst, 2016;

van der Aalst et al., 2012). Relevant research efforts tend to focus on the development and improvement

of PM algorithms for various use cases. Initially, PM research centred on control-flow discovery, i.e. re-

trieving a process flow model from an event log. While control-flow discovery has remained an important

use case (Augusto et al., 2018), PM research has broadened its scope over time to include techniques for

checking conformance between a control-flow model and an event log (Carmona et al., 2018), gaining

insights in the involvement of resources in a process (Song and van der Aalst, 2008), or connecting PM

to other techniques such as simulation and predictive process monitoring (Kratsch et al., 2020; Martin

et al., 2016; Teinemaa et al., 2019). While many of the state-of-the-art PM algorithms have been inte-

grated into the open-source platform ProM, the use of PM in organisations has been stimulated by the

development of commercial tools such as Apromore, Celonis, and Disco (van der Aalst, 2016).

2.2.2 Use of Process Mining in Organisations

In the related work regarding the use of PM in organisations, a distinction can be made between business

reports and academic literature. Business reports typically list common use cases and vendors based on

their assessment of the market. HSPI, for instance, compiled 551 case descriptions (HSPI, 2020). In

another business report, Koplowitz (2020) argues that PM enhances transparency in the organisation and

includes an overview of commercial vendors. An overview of vendors, is also part of Gartner’s annual

market guide for PM, together with an outline of, e.g., the main drivers of PM adoption and common

use cases (Kerremans et al., 2020). Recently, Deloitte surveyed early and mature PM adopters to gain

insights in, amongst others, PM expectations, critical success factors, application areas, and the next

steps in terms of PM deployment within the organisations (Galic and Wolf, 2021).

In the academic literature, two main research streams regarding the use of PM in organisations can

be distinguished: (i) finer granularity: targeted PM case studies and (ii) coarser granularity: dedicated

research on the general use of PM in organisations. Other works, focusing on PM tool comparison and

selection (e.g., Agostinelli et al. 2019; Drakoulogkonas and Apostolou 2021; Turner et al. 2012), are

relevant to support the uptake of PM, but are dedicated to the technical aspects of certain techniques or

tools. As a consequence, they will not be elaborated upon.

Finer granularity: targeted PM case studies

Case studies focus on the application of existing PM techniques in a specific organisational context.
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Due to the profound analysis of the specific organisational setting, case studies can deliver rich insights

regarding the opportunities and challenges of PM within this context. For instance, from an analysis of

the patient transportation process after traffic accidents in Queensland, Andrews et al. (2020) conclude

that the composition of the event log was very challenging and that PM algorithms could not always

handle the process complexity. Moreover, domain expertise is deemed indispensable, both to obtain

readable outcomes and to identify improvement options (Andrews et al., 2020). Similar to Andrews

et al. (2020), Mahendrawathi et al. (2015) also observe that the composition of an event log was far from

trivial. By studying the customer fulfilment process at a telecommunication company, they especially

highlight the challenge of integrating data which is dispersed over different systems (Mahendrawathi

et al., 2015). In his recent compendium, Reinkemeyer (2020) compiles twelve PM cases from various

application areas such as manufacturing and finance. Besides the impact of PM, the cases also report on

lessons learned. An example of such a lesson is that PM should be leveraged to improve processes for

the future, not to blame staff members for suboptimal processes in the past (Reinkemeyer, 2020).

While the aforementioned works report on original case studies, other contributions review published

case studies. These reviews either cover several sectors (Emamjome et al., 2019; Thiede et al., 2018) or

focus on a particular sector such as healthcare (Rojas et al., 2016) or education (Ghazal et al., 2017).

Thiede et al. (2018) review 144 empirical studies and conclude that PM mainly focuses on a single

system in a single organisation, showing the need for efforts on cross-system and cross-organisational

PM (Thiede et al., 2018). Following a similar research approach, Emamjome et al. (2019) survey 152

case studies and study their thoroughness over time. They observe that the thoroughness with which the

problem context is considered during a PM project is not increasing. From this, Emamjome et al. (2019)

conclude that PM is currently unable to deliver on its promises in a real-life context and they stress the

need for more methodological guidance.

Case studies provide rich and detailed insights into the complexity of using PM in real-life contexts,

but typically focus on a specific use case in a particular organisation. In turn, conclusions of reviews

of published case studies need to be reflected against their foundation on secondary data. Our study

complements this line of research as it serves a different purpose, i.e., providing a generic and holistic

understanding of the opportunities and challenges of using PM in organisations. To this end, primary data

is collected from PM experts with extensive experience on the use of PM in organisations. Moreover,

our study abstracts from particular PM use cases or organisational contexts, yielding a broad overview.
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Coarser granularity: dedicated research on the general use of PM in organisations

Another stream of research, which is the closest to our work, studies the use of PM in organisations

without starting from a particular use case. To this end, data is gathered to understand the organisational

mechanisms behind the use of PM using methods such as questionnaires, interviews, or a focus group.

Early 2012, Claes and Poels (2013) surveyed 90 respondents (academics, practitioners and students)

about the use of PM. At the time, the most frequently mentioned benefits of PM were its objective

nature, as well as the speed to generate results once the data is ready for analysis. Commonly mentioned

limitations of PM were limited data access, high costs of data preparation, issues with data quality, lack

of intuitiveness and guidance, and difficulties to understand PM output (Claes and Poels, 2013). In the

same time period, Mans et al. (2013) identified six success factors for PM projects based on a literature

review and eight interviews spread over four organisations. The resulting success factors were sufficient

management support, adequate project management, presence of domain expertise, presence of technical

PM skills, the level of structure in the PM approach, and the quality of raw data (Mans et al., 2013).

Recently, two targeted studies on the adoption and use of PM in organisations have been published.

Syed et al. (2020) explore the adoption of PM in a Dutch pension fund which recently started to use a

commercial PM tool. Based on nine stakeholder interviews, seven challenges and four enablers of PM

adoption were identified. The challenges include the absence of governance mechanisms, a disconnect

between the design team and end-users, and the presence of data quality issues. Conversely, PM adoption

is enabled by the ability to generate actionable insights, the presence of confidence in the outcomes, the

perceived benefits of PM, and the availability of adequate PM training (Syed et al., 2020).

While Syed et al. (2020) focus on a single organisation in the early stage of PM adoption, Grisold

et al. (2020) take a broader perspective by reporting on a focus group with 22 process managers. Their

key findings include that (i) creating business value with PM is possible, but hard to quantify, (ii) selecting

the appropriate processes to use PM is challenging, (iii) gathering the required data is far from trivial, (iv)

using PM requires coping with increased transparency, and (v) aligning PM initiatives with the strategy

and operations is required. Despite the relevance of their work, the authors recognise the rather limited

geographical spread of the experts (Switzerland, Germany and Liechtenstein) and the limited focus group

duration as limitations of their design. Hence, they stress the need for additional studies which explore

the organisational use of PM (Grisold et al., 2020).

The aforementioned works provide valuable pointers on the use of PM in organisations based on a
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single consultation of experts affiliated to one or several organisations. In our study, we aim to extend

this stream of research by providing a structured and holistic overview of opportunities and challenges

regarding the use of PM in organisations. To the best of our knowledge, such an overview is absent in

literature. To achieve this goal, we conduct a Delphi study with an international panel of academics and

practitioners, in which experts are involved in multiple study rounds, interspersed with feedback (Okoli

and Pawlowski, 2004).

3 Study Design and Research Method

3.1 Delphi Study as a Research Method

To approach the research question regarding opportunities and challenges for the use of PM in organisa-

tions, we decided to conduct a Delphi study. Delphi studies are a well-established method in IS and BPM

research that strives for consensus on a specific topic with a panel of experts over multiple rounds utilis-

ing questionnaires interspersed with feedback (Gupta and Clarke, 1996; Skinner et al., 2015). Prominent

examples of the use of the method in the IS and BPM literature include the identification of BPM capa-

bilities in the digital age (Kerpedzhiev et al., 2021), the identification and rating of reasons for process

deviance (König et al., 2019), the establishment of criteria for selecting cloud service providers (Lang

et al., 2018), the identification of grand challenges for IS (Becker et al., 2015), the examination of the

constituent values of a BPM-supportive cultural setting (Schmiedel et al., 2013), and the identification

of perceived benefits of process modelling (Indulska et al., 2009).

The Delphi method poses that experts remain anonymous throughout the study to avoid any bias

resulting from confrontation or defending preconceived notions (Okoli and Pawlowski, 2004; Skinner

et al., 2015). In each round, the experts’ opinions and feedback are anonymised, consolidated by the

research team, and shared with the panel to be reviewed until predefined termination criteria are met (Paré

et al., 2013). Different Delphi study setups such as a classical, policy, decision, and ranking-type Delphi

have been proposed over the years. The corresponding rounds can focus on brainstorming, validation,

narrowing-down, or ranking (Paré et al., 2013). To ensure the sound use of the Delphi method, multiple

rigour criteria and good practices have been proposed, which we observed when conducting our Delphi

study (Keeney et al., 2006; Okoli and Pawlowski, 2004; Paré et al., 2013; Schmidt, 1997). These criteria

include, amongst others, reporting essential background information on the experts’ demographics and

background, ensuring anonymity throughout the study, and providing clear instructions in all phases of
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the study.

3.2 Study Design Decisions

In line with our goal of identifying and ranking opportunities and challenges for the use of PM in organi-

sations, this section outlines important design decisions in terms of setting up and conducting the Delphi

study. We communicated these design decisions to the experts before and during the study and allowed

the experts to comment on them.

Firstly, in accordance with the goal of our research – the holistic identification of opportunities and

challenges for the use of PM in organisations, as well as getting insights into their comparative relevance

– we followed the blueprint of ranking-type Delphi studies as proposed by Schmidt (1997). Ranking-

type Delphi studies are the most commonly used Delphi blueprint in IS research (Paré et al., 2013)

and include a brainstorming, narrowing-down, and ranking phase. In our study, we opted for rating

(i.e., the assignment of opportunities and challenges to predefined ordinally-scaled relevance categories)

instead of ranking (i.e., the assignment of opportunities and challenges to ordered ranks in line with their

relevance) the opportunities and challenges for PM in organisations (König et al., 2019). Since ranking

is only feasible for a small number of items, it would have required an artificial restriction of the number

of opportunities and challenges to reduce the cognitive load on the experts. As this is not consistent with

the holistic scope of our study, we opted for rating instead of ranking.

Secondly, we aimed for a comprehensive identification of opportunities and challenges for the use

of PM in organisations, while ensuring unrestricted expert input. Therefore, we did not formally require

that opportunities and challenges are exclusive to PM, provided that they have a PM-specific relevance

or a specific interpretation in the context of PM. To ensure a common understanding of an opportunity

and a challenge, we provided the experts with PM-centric definitions of both concepts.

Definition 1 (Opportunity). An opportunity is a favourable circumstance or an expected benefit for an

individual, a team, or an organisation enabled by the use of PM in organisations.

Definition 2 (Challenge). A challenge is a difficulty or an obstacle that arises when using (or intending

to use) PM in organisations, and that requires a lot of energy and determination from an individual, a

team, or an organization to overcome.

Further, from the onset of the study, we encouraged experts to consider a wide range of perspectives

on PM by briefly referring to the well-established and comprehensive six core elements of BPM (i.e.,
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strategic alignment, governance, methods, IT, people, and culture; de Bruin and Rosemann 2007). How-

ever, we purposefully refrained from using the six core elements as a structure for the expert input in the

first round of the study and employed a greenfield approach to avoid constraining the experts into prede-

fined categories. Based on the input we received in the first round, we reviewed several well-established

frameworks from literature as a potential lens to structure opportunities and challenges. We chose the

core elements as structuring elements as they fulfilled the goal of providing a holistic lens for the experts’

input. Furthermore, the core elements define the structure of a comprehensive and widely-adopted BPM

capability framework -– the one of de Bruin and Rosemann (2007). The core elements and the corre-

sponding BPM capability framework are firmly anchored in the BPM literature: they have been used

to structure the Handbook on BPM (Rosemann and vom Brocke, 2015a,1), as well as real-world BPM

success stories (vom Brocke and Mendling, 2018). Further, Kerpedzhiev et al. (2021) have recently used

the core elements to identify BPM capability areas in view of digitalisation. In our study, we merged the

core elements methods and IT because there are rarely methods without IT support in the PM field and

vice versa (Kerpedzhiev et al., 2021).

Where appropriate, we further assigned specific opportunities within the core element methods/IT

to the BPM lifecycle phases (process discovery, process analysis, process redesign, process implemen-

tation, and process monitoring and controlling; Dumas et al. 2018) to reflect the subtle nuances in the

experts’ input. Thereby, we merged process redesign and process implementation as the expert input in

the first round that related to these phases was closely intertwined. To ensure a common understanding

of the relevant input categories, we provided the experts with PM-centric definitions of the used BPM

core elements and lifecycle phases (Table 1).

Thirdly, we invited experts from both academia and industry to participate in the study to account

for the diversity of the PM field (Okoli and Pawlowski, 2004; Paré et al., 2013). Thus, we aimed to

recruit experts from different countries, backgrounds, and PM subcommunities (Schmiedel et al., 2013).

Regarding the selection of academic and industry experts, we posed formal requirements that participants

in the study had to fulfil (Okoli and Pawlowski, 2004). Thus, we required academic experts to have a

Ph.D. degree in a field related to PM as well as at least five years of relevant academic experience.

Additionally, they had to have been involved in at least two real-life applications of PM over the five

years prior to the study. Practitioners had to have at least three years of work experience and at least

one year of experience regarding the use of PM. Inviting both academics and practitioners also allowed
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Table 1: PM-centric definitions of the BPM core elements and lifecycle phases

BPM core element/
lifecycle phase

PM-centric definition

Strategic alignment PM needs to be aligned with the overall strategy of an organisation and therefore has to be
designed, executed, managed, and measured according to strategic priorities and objectives.

Governance PM governance establishes appropriate and transparent accountability in terms of roles and
responsibilities as well as regulations regarding data collection and handling.

Methods/IT Methods in the context of PM are defined as the set of tools and techniques as well as IT-based
solutions that support and enable actions along the BPM lifecycle and within PM initiatives.

Process discovery The current state of a business process is discovered, typically in the form of as-is business
process models.

Process analysis Issues associated with the as-is business process are identified, documented, and, whenever
possible, quantified using performance measures.

Process redesign
and implementation

The transition from the as-is business process to the to-be business process is prepared and
performed to address the issues identified during business process analysis.

Process monitoring
and controlling

Relevant data are collected and analysed to determine how well the running business process
is performing concerning performance measures and objectives.

People People are the individuals and groups who continually enhance and apply their PM skills and
knowledge to improve business performance.

Culture Culture incorporates the collective values and beliefs, aiming at creating a facilitating envi-
ronment that complements PM initiatives.

us to get valuable insights into differences between both groups regarding the comparative relevance of

opportunities and challenges. Therefore, we intended to split the panel into an academic and industry

subpanel in the rating phase of the study.

Finally, we judged the quality and convergence of the study’s results both quantitatively and qual-

itatively. From a quantitative perspective, we followed the well-established practice of measuring the

experts’ satisfaction with the coding of opportunities and challenges (coding satisfaction) as well as their

overall satisfaction with the study (Kerpedzhiev et al., 2021; Schmiedel et al., 2013). We employed a

7-point Likert scale: 1 (extremely dissatisfied), 2 (moderately dissatisfied), 3 (slightly dissatisfied), 4

(neither satisfied nor dissatisfied), 5 (slightly satisfied), 6 (moderately satisfied), and 7 (extremely satis-

fied). Using such measures ensured an objective indication of the convergence of the study in addition

to the qualitative feedback of the experts in each round. It also allowed us to check for selection bias

ensuring that satisfaction ratings had not risen because dissatisfied experts dropped out, but because the

experts had become more satisfied with the results (Heckman, 2010). Overall, we aimed for a positive

trend in the quantitative measures, as well as a high level of satisfaction (mean above 6 and standard

deviation below 1), accompanied with positive qualitative expert feedback (Paré et al., 2013).
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3.3 Preparatory Activities

To ensure the most suitable expert panel composition, we invited experts in line with the selection criteria

mentioned in Section 3.2 (Okoli and Pawlowski, 2004). Given the required commitment and the level

of experience necessary to successfully participate in the study, we primarily recruited experts from our

academic and professional networks. We first identified a longlist of 87 candidates for the expert panel,

32 academics and 55 practitioners. Of the latter, 30 candidates had a PM function in their respective

organisations, 14 were PM consultants, and 11 represented PM tool vendors. After reviewing the longlist

of the 87 initially identified candidates, we determined that 57 fulfilled the established formal selection

criteria (21 academic and 36 industry experts). We invited those 57 experts and allowed them to nominate

further candidates they deemed suitable for the purposes of the study. 41 experts agreed to participate in

the study, amounting to a high initial response rate of 72% (one expert did not participate in Round 1).

The panel was well-balanced in terms of technically- and business-oriented experts, as well as in

terms of academics and practitioners. It also covered experts from 16 countries. The 17 academic ex-

perts held their Ph.D. for an average of 12.2 years and had 10.4 years of experience in PM research on

average, while practitioners had an average of 20 years of work experience with an average of 6.4 years of

experience with PM. Based on the open questions in the first round of the study, we determined that aca-

demic experts had experience in using PM in diverse fields such as healthcare, logistics, manufacturing,

and financial services. More background information on the panel can be found in Appendix A.

To test the study setup specifically for the initial brainstorming in the first Delphi round, we con-

ducted a pilot study in line with the established quality criteria for Delphi studies (Kerpedzhiev et al.,

2021; Skinner et al., 2015). The aim of the pilot study was to ensure the understandability of the ques-

tionnaire for the first brainstorming round, identify confusing and/or ambiguous wording, and ensure an

appropriate level of detail is achieved (Skinner et al., 2015). The questionnaire included a description of

the goal of the research, a comprehensive definition of PM as well as the specific assignment along with

the aforementioned definitions for an opportunity and a challenge. We distributed the questionnaire to

eleven Ph.D. students in the field of BPM and asked them to fill it out. After the students had provided

their input, we invited them to a joint live session to discuss any issues that compromised the understand-

ability of the questionnaire. We received overwhelmingly positive feedback coupled with high-quality

responses with direct relevance to the topic. Based on the feedback, we performed only slight changes

to the wording of the questionnaire to further enhance its understandability.
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Before starting the study, we also agreed on common guidelines when coding experts’ responses

in the brainstorming and validation rounds. In each round, one designated co-author anonymised the

experts’ responses so that the rest of the author team could code the input independently. We used ax-

ial and selective coding (Moghaddam, 2006). Thus, each co-author involved in coding first aimed to

summarise similar items in the experts’ input and merged the relevant explanations before proceeding

to establish relationships among them by categorizing the data (Schmidt, 1997). We iteratively consol-

idated the results of each involved co-author in joint workshops (Okoli and Pawlowski, 2004). After

each workshop, all coded responses were traced to the input of at least one expert to ensure that they

accurately reflected the experts’ ideas and not ours. We also established and agreed on guidelines on the

formulation of opportunities and challenges (Schmidt et al., 2001). In that respect, we strived for short

denominations with positive polarity and single-sentence descriptions without domain-specific and/or

technology-centred vocabulary.

3.4 Delphi Study Procedure and Key Figures

The Delphi study comprised six rounds and took two and a half months to complete. In each round, the

experts had one week to fill in an online questionnaire1. They always received the option to provide open-

ended comments on the ongoing round and the study in general. Additionally, as per relevant quality

criteria for Delphi studies, the questionnaire for each round included detailed instructions, definitions,

responses from the previous round, and an overview of the changes compared to the previous round

(Keeney et al., 2006; Paré et al., 2013; Skinner et al., 2015). Table 2 provides an overview of the key

figures regarding the Delphi study such as the number of participants and the satisfaction scores per

round. In the remainder of this subsection, we provide a short overview of the Delphi procedure and

elaborate on some key insights regarding the experts’ participation in and satisfaction with the study.

To avoid introducing redundancy between Sections 3 and 4, we already present key figures from the

operationalisation of the Delphi study procedure in the following. A detailed account of each round can

be found in Appendix B. In Section 4, we will focus on the core results in terms of the final opportunities

and challenges, including the respective ratings after the last round of the study.

In the brainstorming phase, we collected initial lists of opportunities and challenges for the use of

PM (Round 1). We received 215 opportunities and 211 challenges, which we consolidated into 28

1The used questionnaires, which include all intermediate results, and anonymised responses are provided as electronic
supplementary material (available online via http://link.springer.com).
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Table 2: Overview of the Delphi study procedure and statistics

Phase Brainstorming Narrowing down Rating

Round 1 2 3 4 5 6

Active panellists 40 37 35 32 32 32
Academics 17 16 16 16 16 16
Practitioners 23 21 19 16 16 16

Number of opportunitiesa 28 36 30 30 30 30
Number of challengesa 27 33 32 32 32 32
Satisfaction study overall (mean)b - 6.16 6.43 6.53 6.47 6.66
Satisfaction study overall (SD)b - 1.05 0.93 0.56 0.66 0.47
Satisfaction coding (mean)b,c - 6.11 6.34 6.34 - -
Satisfaction coding (SD)b,c - 0.95 0.92 0.96 - -

aAfter coding or voting
bLikert scale from 1 to 7 (not assessed before Round 2)
cLikert scale from 1 to 7 (only assessed until Round 4, reflects the satisfaction with the
coding results of the previous rounds)

opportunities and 27 challenges as part of the coding procedure. In Round 2, we asked the experts to

validate these and, based on the experts’ input, we decreased the level of aggregation. This resulted in an

increase of the number of opportunities and challenges to 36 and 33, respectively. These served as the

input in the narrowing down phase (Round 3), in which the panellists had to vote out the least relevant

opportunities and challenges resulting from Round 2. We applied a simple majority rule, according to

which we eliminated items which were voted out by more than 50% of the panel. Thus, six opportunities

and one challenge were eliminated, resulting in a final list of 30 opportunities and 32 challenges. In the

rating phase (Rounds 4-6), the experts rated the shortlisted items regarding their comparative relevance.

In this phase, we split the panel into an academic and practitioner subpanel (as intended) to get insights

into possible differences between the two groups regarding the rating of items. Note that experts were

not requested to justify their ratings given the exploratory nature of the study and the efforts which were

already asked from the experts throughout the study.

To investigate differences between the ratings of the subpanels, we firstly used the median of the

rating distributions, secondly the mode, and lastly the Fisher’s exact test (Mehta and Patel, 1983). The

latter was included to enable us to also test quantitatively, for each opportunity or challenge, the null

hypothesis that there is no association between the rating distributions and the subpanels. Hence, the

two rating distributions can be seen as part of a p × q contingency table where p represents the number

of subpanels (p = 2) and q the number of rating categories (q = 4). Several statistical tests exist to test
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null hypotheses based on a contingency table, specifically, the chi-squared test or the Fisher’s exact test

(Bland, 2015). Since our sample size is relatively small (n = 32), the more complex but exact Fisher’s

exact test is appropriate because it is also valid for small sample sizes (Bland, 2015). In addition to the

qualitative comparison of the rating distributions for each item, the statistical test allows us to quantita-

tively assess whether the rating distributions for respective opportunities or challenges are significantly

different. Finally, both the qualitative and quantitative comparisons of the rating distributions help us

discuss the study outcomes. We elaborate on the results of the tests and the study as a whole in Section 4.

Between 32 (Round 6) and 40 experts (Round 1) participated in each round, a figure complying with

the recommendations in literature (Paré et al., 2013). This corresponds to an end-to-end dropout ratio

of 20%, which is in normal bounds considering the prolonged commitment required when participating

in a Delphi study comprising six rounds. The dropout ratio also reflects our strict policy of not inviting

experts who had not participated in the previous round. The rationale behind this policy is that experts

had to be aware of the communicated decisions, information, and outcomes regarding the previous round.

The only exception to this rule was Round 3 (narrowing down), in which we invited all experts who had

participated in Round 1, but not in Round 2. This exception is justifiable as Round 2 served as a validation

round and experts who had not participated were, nevertheless, aware of the goals of the study and had

contributed to the collection of opportunities and challenges in Round 1. Despite the expert dropout, the

panel remained balanced throughout the study, i.e. there was no systematic drain of participants from a

particular group based on country of activity, or their academic or practitioner background.

The overall satisfaction and coding satisfaction were very high from the beginning of the study and

increased steadily, while the respective standard deviation decreased with two minor exceptions: the

overall study satisfaction in Round 5 and the coding satisfaction in Round 4. We attribute the former to

individual experts being dissatisfied with the general rating of challenges and opportunities in Round 4.

The latter is most probably driven by the fact that some experts deemed certain challenges and opportuni-

ties that were eliminated in Round 3 very valuable. Nevertheless, the extremely high satisfaction values,

as well as the positive trend of the overall and coding satisfaction, coupled with the positive qualitative

feedback, lead us to believe that the results have converged after Round 6. After completing the study, we

also checked for selection bias (i.e., experts leaving the study due to dissatisfaction causing satisfaction

ratings to inflate artificially). A mean overall study satisfaction of 6.67 with a standard deviation of 0.52

in the round before dropout suggests that experts did not leave due to dissatisfaction (Appendix C).
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4 Results

Tables 3 and 4 summarise the main results of the Delphi study: the shortlisted opportunities and chal-

lenges, including the rating distributions regarding the comparative relevance of the items in the academic

and industry subpanels. As previously stated, the opportunities and challenges are structured along the

BPM core elements (de Bruin and Rosemann, 2007), with the opportunities related to the core element

methods/IT being further categorised along the BPM lifecycle phases (Dumas et al., 2018).

Each row in the tables includes the ID, the denomination, and a single-sentence description of the

respective opportunity or challenge. Also, the final rating distributions of both subpanels, academics

(blue vertical lining) and practitioners (red horizontal lining), are shown using bar charts, as well as

percentage values in the third column. In Appendix D, Tables 9 and 10 also contain the median and mode

rating values for both subpanels, as well as the p-value of the Fisher’s exact test statistics, indicating

the significance of inhomogeneity among the subpanels for the rating of the respective opportunity or

challenge. Asterisks are used in Table 3 and 4 to label the denomination of an item in case of significant

inhomogeneity of the subpanel rating distributions based on the Fisher’s exact test (0.01 ≤ p < 0.05:

significant*; 0.001 ≤ p < 0.01: very significant**; p < 0.001: highly significant***). When discussing

commonalities and differences regarding the subpanel rating distributions, we use the median as the

primary criterion since it is more robust for outliers than the mode (von der Gracht, 2012). In case of

different medians, we use the mode and Fisher’s exact test statistics to check for significant difference.

To illustrate the interpretation of the results tables, the first row of Table 3 contains the final results

regarding the opportunity enabling inter-organisational value creation (O.1), which is described as “PM

enables value creation by fostering inter-organisational interaction and collaboration". 6.25% of the

academics and 56.25% of the practitioners rated this opportunity as extremely relevant (62.50% of the

academics and 12.50% of the practitioners as moderately relevant, 31.25% of the academics and 25.00%

of the practitioners as slightly relevant, 0% of the academics and 6.25% of the practitioners as irrelevant).

The median and mode of these distributions are moderately relevant for academics and extremely relevant

for practitioners. The p-value resulting from the Fisher’s exact test statistics is 0.0026 indicating that

the inhomogeneity of the subpanel rating distributions is very significant. Hence, the denomination is

labelled with two asterisks (**).

As shown in Table 3 and 4, the Delphi study resulted in 30 opportunities and 32 challenges considered
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Table 3: Shortlisted opportunities for the use of PM in organisations

ID Strategic alignment ER MR SR IR

O.1 Enabling inter-organisational value creation**
PM enables value creation by fostering inter-organisational interaction and collaboration.

O.2
Facilitating strategic decision-making
PM facilitates strategic decision-making by objectively assessing the congruency of operational practices
and corporate strategy.

O.3
Supporting digital transformation***
PM supports identifying digital transformation initiatives as well as designing digital transformation
strategies.

Governance

O.4 Maintaining an up-to-date business process repository
PM enables maintaining an up-to-date business process repository.

O.5 Supporting data management
PM helps identify relevant data and highlights potential data management issues.

Methods/IT - Overall

O.6 Complementing management approaches and techniques
PM instils process and data awareness into other management approaches and techniques.

O.7
Supporting IT management
PM helps derive insights that are useful for the selection, implementation, and improvement of IT sys-
tems, tools, and interfaces.

Methods/IT - Process discovery

O.8
Accelerating as-is business process modelling*
PM accelerates as-is business process modelling and makes it more objective compared to data-agnostic
methods.

O.9
Enhancing business process transparency
PM increases the transparency of business processes by visualising the actual business process flows
based on real-life data.

Methods/IT - Process analysis

O.10
Analysing business processes from the resource perspective
PM permits the retrieval of actionable insights into the resource involvement and collaboration patterns
in a business process.

O.11
Analysing business process variants and exceptions*
PM allows the analysis of business process variants and exceptional business process instances, support-
ing initiatives such as business process standardisation.

O.12
Understanding business process compliance
PM allows efficient and comprehensive compliance checking of business process executions as well as
understanding the reasons for deviant behaviour and fraud.

O.13
Detecting business process drift*
PM enables the detection of business process changes and getting insights into the evolution of business
processes over time.

O.14 Enabling business process comparison and benchmarking
PM enables comparative analysis and benchmarking of business processes or business process variants.

O.15 Enhancing business process risk management
PM enables assessing business process risks and supports the definition of risk mitigation actions.

O.16 Identifying business process waste
PM supports the identification of business process waste such as non-value-added tasks or bottlenecks.

Methods/IT - Process redesign and implementation

O.17 Enabling business process automation*
PM supports the identification of automation potential in business processes.

O.18
Enhancing business process improvement and redesign
PM enhances business process improvement and redesign, ranging from the identification of improve-
ment options to the evaluation of its effects.

O.19 Improving resource assignment in business processes**
PM allows organisations to improve resource assignments at the levels of tasks and team composition.

Methods/IT - Process monitoring and controlling

O.20 Enabling decision-making at run-time
PM enables run-time decision-making as well as resource assignment.

O.21
Evaluating business process performance
PM supports organisations in assessing and continuously monitoring the performance of business pro-
cesses.

O.22 Predicting outcomes of running cases**
PM supports prediction at run-time regarding expected business process paths and outcomes.

People

O.23 Enhancing employee training*
PM supports the assessment and improvement of business process training.

O.24 Enriching domain knowledge through data
PM encourages domain experts to actively analyse business process data.

O.25 Generating intuitive visualisations for business users
PM generates intuitive business process visualisations for business users without technical expertise.

O.26 Supporting knowledge management
PM helps make implicit knowledge explicit by unveiling good and bad practices in business processes.

Culture

O.27
Fostering a business process- and data-centric mindset
PM fosters a cross-functional process- and data-centric mindset by visualising business processes and
providing data-backed insights.

O.28
Fostering a continuous improvement mindset***
PM stimulates a continuous improvement mindset by encouraging employees to systematically scrutinise
business processes.

O.29
Nurturing evidence-based communication and decision-making
PM acts as a catalyst for evidence-based communication and decision-making, encouraging objective
conversations related to business processes.

O.30
Supporting a culture of customer centricity
PM supports a culture of customer centricity when retrieving insights in business processes with an
explicit focus on the customer’s perspective.

A: academics( ); P: practitioners( ); significance codes: p<0.001: ***, p<0.01: **, p<0.05: *;
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Table 4: Shortlisted challenges for the use of PM in organisations

ID Strategic alignment ER MR SR IR

C.1
Elusive business value
The business value of PM is difficult to determine with regard to the alignment of strategic and opera-
tional goals as well as the quantification of costs and benefits.

C.2 Lack of management support
Initiating, funding, and conducting PM initiatives requires a strong management commitment.

C.3 Unclear success factors
It is unknown which organisational setups and properties ensure an efficient and effective use of PM.

Governance

C.4 Constraining data access barriers
Limited data access across departmental and organisational boundaries restricts PM.

C.5
Lack of interdisciplinary and cross-functional teams*
PM suffers from a lack of interdisciplinary and cross-functional teams covering sponsors, IT, and data
specialists as well as business users and project managers.

C.6
Missing implementation guidance
There is a lack of comprehensive guidance on the implementation of PM for different organisations,
domains, contexts, and strategic goals.

C.7
Poor data quality*
Source or event data are often inaccurate, noisy, and/or incomplete.

C.8
Restricting data privacy regulations
Compliance with data privacy and security regulations limits the detail of what can be discovered and
analysed through PM.

C.9
Unavailability of data***
The availability of event data needed for PM is limited.

C.10 Unclear organisational anchoring***
It is unclear how PM expertise should be anchored within the organisation.

Methods/IT

C.11
Challenging (real-time) system integration**
Insufficient real-time system connectivity or integration into existing IT infrastructure negatively impacts
deriving insights through PM.

C.12 Complex data preparation
Substantial effort is required for data extraction and pre-processing.

C.13 Difficult analysis of process exceptions
PM lacks support for deriving insights from process exceptions.

C.14
Difficult handling of unstructured data
PM provides limited support for exploiting unstructured data that is not available in activity-based se-
mantics or event format.

C.15 Fragmented solutions**
There is a lack of comprehensive PM solutions supporting a wide range of conceivable use cases.

C.16
Incomprehensible outcomes***
Non-standard visualisation techniques used in PM may lead to overcomplicated and hardly understand-
able business process models.

C.17
Insufficient prescriptive capabilities
PM tools are limited regarding their prescriptive capabilities.

C.18 Lack of advanced features
PM lacks advanced features such as automation, simulation, and data anonymisation.

C.19
Underrepresentation of declarative models
PM relies disproportionately on imperative business process models and largely disregards declara-
tive/hybrid process models.

People

C.20
Insufficient domain expertise
The lack of comprehensive domain and business expertise inhibits the ability to customise PM as well
as to adequately interpret the results.

C.21
Insufficient analytical skills
The lack of fundamental analytical skills, including business process modelling and optimisation, im-
pedes deriving value from PM.

C.22
Insufficient technical skills**
The lack of sufficient training in technical skills required to implement PM is detrimental to setting up
and conducting PM.

Culture

C.23
Aversion to transparency
PM leads to an undesired level of transparency, revealing unpleasant results and triggering defensive
mechanism in employees.

C.24 Insufficient data orientation***
A lack of data orientation causes doubts regarding the validity of PM outcomes.

C.25 Insufficient process orientation***
A lack of process orientation causes doubts regarding the value of PM.

C.26 Invasive work monitoring
PM is perceived as intrusive and raises concerns about privacy and individual performance controlling.

C.27 Lack of continuous incorporation
PM is perceived as a one-off initiative, creating a barrier for scaling up and establishing continuous PM.

C.28
Lack of trust in insights
PM results and their potential to generate value are discredited since applied techniques are not under-
stood or perceived as a black box.

C.29
Misleading overconfidence
Overconfidence in current business process performance downplays the improvement potential through
PM.

C.30 Resistance to change
Unwillingness to break down long-established routines negatively affects acting on PM insights.

C.31
Unsubstantiated expectations
More is projected into PM than can realistically be achieved leading to false expectations and disappoint-
ment with the obtained results.

C.32
Unwillingness to share domain knowledge*
PM stakeholders are unwilling to share domain knowledge due to the fear of providing too much business
information or becoming obsolete.

A: academics( ); P: practitioners( ); significance codes: p<0.001: ***, p<0.01: **, p<0.05: *;
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relevant for the use of PM in organisations. The shortlists contain at least two items per category, a

finding that emphasises the diversity of our results. The fact that 13 of 30 (43%) opportunities and 23 of

32 (72%) challenges are not related to the core element methods/IT is congruent with our initial goal of

also identifying opportunities and challenges beyond the traditional technical focus of PM.

Some of the shortlisted items are also applicable beyond the PM context, e.g., lack of management

support as a challenge (C.2). Given the holistic nature of the study, we did not enforce that items should

be exclusive for PM. Incorporating more generally applicable items also helps to identify which areas of

the management literature can contribute to the successful use of PM. Even though exclusivity was not

required, it was stressed that each item should have a specific relevance or interpretation in the PM con-

text. Consequently, all items in Table 3 and 4 are considered to be especially relevant for PM according

to the panel. This is illustrated by the descriptions of items provided by experts in Round 1. For instance:

lack of management support (C.2) has specific relevance for PM as it typically involves the commitment

of a wide range of departments as processes cross organisational silos. Similarly, experts give a PM-

specific interpretation for poor data quality (C.7) by indicating that events are not always labelled with a

meaningful human-readable activity label, and that typically a single event is only recorded per activity,

which limits the analysis potential.

In the overview of PM opportunities, a seemingly particular observation is that only one opportu-

nity explicitly refers to the customer, i.e., supporting a culture of customer centricity (O.30). However,

it should be noted that several items highlighted by experts in the first round of the study, which have

been aggregated during subsequent coding, explicitly refer to customer-related aspects. For instance:

analysing business process variants and exceptions (O.11) covers expert input which is linked to under-

standing process variation to better serve different customer types, as well as to diagnose exceptional

cases to identify customers requiring a specific treatment. Similarly, the ability of PM to enhance busi-

ness process improvement and redesign (O.18) aggregates customer-related items regarding the improve-

ment of customer experience and satisfaction.

When focusing on the comparative relevance of the opportunities and challenges, Table 5 summarises

the median rating distributions of the subpanels. When comparing the academics’ and the practitioners’

median distributions for all opportunities, the distributions indicate overall agreement between both sub-

panels regarding the comparative relevance of the opportunities. This claim is also supported by the fact

that for 13 of 30 opportunities the median as well as mode values are equal and the opportunity-specific
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Table 5: Distribution of median values along opportunities and challenges

Opportunities Challenges
Rating Academics Practitioners Academics Practitioners

Extremely relevant (ER) 14 16.5 13.5 4
Moderately relevant (MR) 14 13 17.5 22.5

Slightly relevant (SR) 2 0.5 1 4.5
Irrelevant (IR) - - - -

p-value is not significant. In terms of strong alignment between both subpanels, ten key opportunities

are rated as extremely relevant by academics and practitioners according to the median and mode (Ta-

ble 6). In contrast, when considering challenges, the subpanels exhibit significant differences reflected

in their rating distributions. This claim is confirmed by the observation that for only 9 of 32 challenges

the median and mode values are equal and the p-value does not point to a significant difference. This

means that academics and practitioners assess the relevance of many challenges differently. Only three

key challenges are rated as extremely relevant by both subpanels according to the median and mode

(Table 6).

While this section provides a descriptive overview of Table 3 and 4, we take a broader interpretative

perspective in Section 5 to highlight some valuable insights and implications of the results for both

academia and industry.

Table 6: Opportunities and challenges rated as extremely relevant by both subpanels

Opportunities • Enhancing business process transparency (O.9)
• Analysing business processes from the resource perspective (O.10)
• Analysing business process variants and exceptions (O.11)
• Understanding business process compliance (O.12)
• Enabling business process comparison and benchmarking (O.14)
• Identifying business process waste (O.16)
• Enhancing business process improvement and redesign (O.18)
• Evaluating business process performance (O.21)
• Generating intuitive visualisations for business users (O.25)
• Nurturing evidence-based communication and decision-making (O.29)

Challenges • Lack of management support (C.2)
• Poor data quality (C.7)
• Complex data preparation (C.12)
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5 Discussion

This section discusses the obtained results. Besides the contributions and a general discussion (Sec-

tion 5.1), key implications for academics and practitioners are presented (Section 5.2), as well as the

limitations of the study (Section 5.3).

5.1 Contributions and general discussion

As highlighted in the introduction and the outline of related work, PM has matured as a research field

over the past decade primarily from a technical standpoint, providing various algorithms to understand

and improve business processes using event logs. In contrast, there is limited systematic understanding

of PM from an organisational perspective. In this respect, a holistic understanding of the opportunities

and challenges regarding the use of PM in organisations is absent, but strongly needed. Against this

background, we provide such an overview via a Delphi study with recognised academic and industry

experts from various countries and backgrounds. Thereby, our study extends the state-of-the-art by means

of its holistic nature, the extensive input collected by applying the Delphi method, and the presence of

insights into the comparative relevance of challenges and opportunities. In this way, it surpasses the

scope of existing related research efforts.

The primary contribution of the Delphi study is a list of 30 opportunities and 32 challenges consid-

ered relevant by academics and practitioners regarding the use of PM in organisations. Both opportuni-

ties and challenges are very diverse, covering each of the BPM core elements and addressing technical,

managerial, and cultural aspects. For the opportunities, an additional distinction is made between the

phases of the BPM lifecycle and items are present in each stage. Despite the historically strong focus

of PM research on the technical side, this study shows that a significant number of opportunities and

challenges have a non-technical character. Only 17 of 30 opportunities (57%) and 9 of 32 challenges

(28%) are related to the methods/IT core element. The fact that relatively more opportunities than chal-

lenges are related to the core element methods/IT complies with the observation that PM is still mainly

perceived as a technical practice, but also indicates that PM techniques are maturing. The fact that many

challenges are situated in core elements other than methods/IT opens perspectives for diverse strands of

non-technical PM research.

When connecting the listed opportunities and challenges to the related work (Section 2.2), our study

confirms and significantly extends the state-of-the-art. While it is not trivial to map items from different
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studies due to their variety regarding the level of granularity, such a mapping is included in Appendix E.

From this mapping, it can be concluded that all elements that come forward in the recent studies by Syed

et al. (2020) and Grisold et al. (2020) can be related to opportunities/challenges in our study. For instance:

Syed et al. (2020) mention unclarity regarding roles and responsibilities in PM initiatives as a challenge,

which reflects an unclear organisational anchoring (C.10). Similarly, Grisold et al. (2020) highlight the

difficulty to quantify the business value of PM, which relates to elusive business value (C.1). Conversely,

a multitude of opportunities and challenges in our study were not explicitly mentioned in the state-of-

the-art. Regarding opportunities, these include the items in the category governance (O.4 - O.5), as

well as specific items such as facilitating strategic decision making (O.2), and enabling business process

comparison and benchmarking (O.14). Challenges that our study adds include unclear success factors

(C.3), a difficult analysis of process exceptions (C.13), and difficult handling of unstructured data (C.14).

When focusing on challenges, as expected, several challenges mentioned in the recent studies by

Grisold et al. (2020) and Syed et al. (2020) reoccur in our study. However, a noteworthy observation is

that the most frequently raised limitations by Claes and Poels (2013), a study dating back to early 2012,

are still relevant today. This relates to limited data access (cf. C.4), high costs of data preparation (cf.

C.12), issues with data quality (cf. C.7), lack of intuitiveness and guidance (cf. C.6), and difficulties

to understand PM output (cf. C.16). These challenges all relate to either the input side of PM, the

understandability of PM outcomes, or the available guidance to implement PM in practice. As these

challenges seem to be persistent for the use of PM in real-world settings, the PM community should

investigate avenues to support end-users to alleviate them.

The secondary contribution of the study are insights into the comparative relevance of opportunities

and challenges, whereby the views of academics and practitioners are purposefully treated separately.

This perspective has not yet been considered in prior literature. As presented in Section 4, we observe

stronger consensus between academics and practitioners regarding the comparative relevance of oppor-

tunities than regarding challenges. In terms of opportunities, the rating phase shows that some items

are considered particularly relevant by both academics and practitioners. These tend to be located in

methods/IT, suggesting that there seems to be agreement between both subpanels regarding the potential

of PM from a technical perspective. However, practitioners attribute greater relevance to the opportuni-

ties related to strategic alignment than academics, reflecting practitioners’ experience in setting up and

advancing PM initiatives.
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In terms of challenges, academics and practitioners agree on the high relevance of data quality (C.7)

and preparation (C.12) as well as management support (C.2). The rest of the challenges exhibit varying

levels of difference between the two subpanels in terms of their relevance. Overall, there is a tendency

for academics to rate challenges as more relevant than practitioners (cf. Table 5). While this could have

been expected for methods/IT, given the profound knowledge of potential technical improvements among

academics, it also holds for organisational challenges such as the ones related to people and culture. Dif-

ferences are most obvious for insufficient technical skills (C.22), insufficient data orientation (C.24), and

insufficient process orientation (C.25). This demonstrates the view of academics that techniques have

come a long way, but people- and culture-related aspects present very prominent challenges. Academics

feel more strongly that a PM mindset still needs to be instilled within organisations, accompanied by a

broader dispersion of thorough technical training. One could argue that practitioners might have devel-

oped coping mechanisms to deal with such challenges. Academics might not be aware of some of these

mechanisms when they are involved in specific projects and do not always see the full organisational pic-

ture. While all academics have active experience with the real-life use of PM (cf. Section 3.2 – 3.3), we

cannot guarantee that they were exposed to the full organisational complexity of their industry partners.

This might have influenced their ratings. However, it is also likely that a PM mindset and expertise have

already been, at least partially, established within the organisations represented by the practitioners in

the panel as they are active PM users. Academics might be acquainted with a variety of organisations,

some of which are less mature at this level.

The observed differences outlined above indicate a perceived misalignment between academics and

practitioners. To push the boundaries of what PM is capable of in organisational contexts, a strong part-

nership between academia and industry is needed and a disconnect should be avoided. Such a disconnect

would impede organisations to reap the full benefits of academic work due to prevailing challenges which

academics are unaware of, or which are considered less relevant given the predominantly technical re-

search interests of many PM researchers. Consequently, engaging in bidirectional knowledge transfer

through roundtables or communities of practice, for instance, could ensure that academia solves scien-

tifically challenging problems with real-world relevance, enabling the industry to benefit from the latest

scientific insights.
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5.2 Implications

5.2.1 Implications for academics

The results of the study can serve as the basis for a PM research agenda. The comparative relevance of

opportunities and challenges could further contribute to deriving research topics with high priority.

In terms of thematic focus, the strong presence of non-technical opportunities and challenges shows

that there is ample potential for PM research from an organisational perspective. This includes specific

research areas such as identifying the organisational characteristics supporting PM (i.e., its generic suc-

cess factors – C.3), investigating how PM can be structurally embedded in organisations (C.1, C.10),

or determining which team composition and skills are required to successfully leverage the potential

benefits of PM (C.5, C.21, C.22, C.24, C.25). Within the PM field, related topics are largely uncharted

research territory, providing a fertile base for future research. When tackling one of the non-technical

challenges that are not exclusive to PM, for instance resistance to change (C.30), valuable inspiration can

be drawn from the rich body of literature on IT adoption (Rad et al., 2018). In this respect, researchers

need to carefully assess whether knowledge on IT adoption is directly applicable to PM, or whether the

particularities of PM adoption and use require specific approaches.

Simultaneously, our results suggest that technical research should not be neglected as it is a key in-

gredient to permanently push the boundaries of PM. In particular, specific attention should be attributed

to the persistent challenges which were also identified almost a decade ago. This involves research

aiming to support data preparation (C.12), to handle data quality issues (C.7), and to improve the un-

derstandability of PM outcomes (C.16). This implies that important research challenges are still present

on the input side of PM, as well as on the understandability of the outputs it generates. Besides these

specific research directions, researchers can reflect upon the state-of-the-art in PM research against the

opportunities/challenges to derive new algorithmic needs.

The diversity of the results and the perceived misalignment between academics and practitioners also

indicates that PM research should be on the lookout for emerging topics or shifts in priority in existing

topics. In this respect, we expect the identified opportunities and challenges to remain relatively stable

in the coming years, primarily due to the stability of our Delphi results reflected, amongst others, in the

high satisfaction ratings. However, the differences between the two subpanels regarding the comparative

relevance of opportunities and challenges lead us to believe that priorities in PM may shift dynamically,

requiring a suitable reaction in PM research. Moreover, the broad scope of topics covered in the results
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of our study could serve as an incentive to broaden the horizons of PM research to other fields, as well

as to intensify efforts at the interface of BPM and IS research.

5.2.2 Implications for practitioners

For practitioners, the list of opportunities and challenges can help shape the PM roadmap for their or-

ganisation. Initially, it can support setting priorities to maximise the benefits, while being aware of

challenges that can reduce the effectiveness or efficiency of using PM. Later, the lists can function as

checklists during PM initiatives to determine whether all relevant opportunities are leveraged and chal-

lenges are tackled.

The results of our study also allow highlighting certain specific recommendations for practitioners.

To be successful and draw support from management, practitioners need to enhance the PM business case

by aligning PM projects with the organisation’s priorities and by making returns explicit (C.1). Moreover,

organisations should take actions to alleviate data access barriers (C.4) and enhance data quality (C.7),

which appear to be persistent challenges for the use of PM in organisations. To this end, they can, e.g.,

give explicit consideration to PM in the organisation’s data governance strategy and policies. Initiatives

to enhance data registration can go hand in hand with increased PM training (C.22). When employees

are aware of the benefits of PM and the impact of their working habits on the resulting event data, they

are likely to be more receptive for policies aiming at improved data registration. Regarding training,

our results suggest that organisations should not only invest in tool-based training, but also promote data

and process awareness to set the stage for successful PM projects (C.24, C.25). This can, for instance,

be operationalised by organising inter-departmental workshops to unravel the dependencies between

departments involved in the same process, as well as to demonstrate how departments can benefit from

PM insights.

5.3 Limitations

The results of this study need to be reflected against some limitations, which are linked to the nature of

Delphi studies and the design decisions that were made. Firstly, as with any Delphi study, the results are

based on the perception of a limited number of experts recruited primarily from our networks. As the size

of our panel fitted the exploratory nature of Delphi studies, but is rather small for statistical purposes,

we cannot formally exclude the presence of biases in the panel and, thus, cannot make formal claims

regarding the representativeness of the results. Therefore, the differences in comparative relevance for
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opportunities and challenges should be seen as trend statements whose underlying causality needs to

be further substantiated (König et al., 2019). Nevertheless, the structured approach that was followed

to compose the panel (with explicit selection criteria), together with the positive feedback and high

satisfaction throughout the study, support our confidence in the validity of the results. A potential bias in

the current panel’s view could be offset by replicating the study.

Secondly, to safeguard the holistic nature of the study, we did not formally require that opportunities

and challenges are exclusive to PM. Nonetheless, they needed to have a specific relevance for PM or a

specific interpretation in the context of PM. This was also communicated to the panel. However, we did

not systematically require experts to elaborate on this matter. A more detailed investigation on this matter

would be useful, especially for the challenges. Having a thorough insight into the specific relevance of

a challenge for PM can unearth its root causes, which would pinpoint the aspects that future research

should tackle. While this constitutes a valuable area for future research, it should be stressed that the

presence of items in Table 3 and 4 in our study clearly reflects that they are of particular interest for PM

according to the panel.

Finally, while the rating results are valuable to gain insights into the comparative relevance of items,

we have no insights into the reasons why a particular rating was given. This would have been especially

interesting for items where substantial discrepancies between academics and practitioners were observed.

Gathering an explanation for each rating would imply a substantial additional effort on the part of the

experts, which we considered infeasible given the already significant time investment required to partic-

ipate in the study. Hence, consistent with the exploratory nature of Delphi studies, further research will

be required to gain profound insights into the exact motivations behind the provided ratings, considering

the possibility that academics and practitioners in our study may have employed different benchmarks

for their ratings.

6 Conclusion and outlook

PM is an active research domain and the developed techniques have been successfully applied to un-

derstand and improve business processes. As a research field, the focus of PM is mainly situated on

technical topics such as the development and evaluation of algorithms. However, to support the uptake

of these algorithms, as well as of (non-)commercial tools, it is also important to gain insights into the

use of PM in organisations. Until now, a holistic understanding of the opportunities and challenges of
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using PM in organisations is missing. Against this background, this study provides a structured overview

of such opportunities and challenges based on a Delphi study with a panel of academic and industry ex-

perts. Moreover, it conveys insights regarding the comparative relevance of opportunities and challenges,

distinguishing the views of academics and practitioners.

The implications for academics in Section 5.1 already highlighted several prominent challenges for

future research, including conducting dedicated research on various topics regarding the organisational

use of PM. Besides these recommendations, this study opens additional avenues for future research.

Firstly, replications of the study with different experts would enable the assessment of the generalis-

ability of the results, or might shed light on sectoral or international differences when experts from a

specific sector or specific region are purposefully selected. After several iterations with different panels,

a meta-analysis can be conducted to synthesise the findings. Secondly, future work could study the spe-

cific relevance or interpretation of various opportunities and challenges for PM in more detail, as well

as the reasoning behind their associated ratings (e.g., by conducting in-depth interviews with experts or

further case studies). These motivations could be used to gain more profound insights into each of the

items, as well as to explain the observed differences in the views of academics and practitioners. Thirdly,

more research is needed to understand the relationship between different opportunities and challenges.

The current study does not consider such interconnections due to its exploratory nature. Studying the

relationship between items can show that benefiting from an opportunity might make particular chal-

lenges more prominent, requiring integrated action. Fourthly, the results of our study could function as

a stepping stone to develop PM maturity models and PM project portfolio management methods. The

extent to which an organisation can seize the opportunities and the challenges reflects its maturity. Once

maturity levels have been established, guidelines can be developed for organisations to become more

mature PM users. In the same vein, the results of this study could guide the development of PM project

management and project portfolio management methods, insofar as the identified challenges are likely

to recur across projects, while the opportunities can inform the selection, prioritisation, and scoping of

PM projects. Finally, a regular update of the overview of opportunities and challenges is valuable to

investigate whether the included items or their comparative relevance will change as PM research and

practice are still rapidly advancing.

26



References

Agostinelli, S., Maggi, F. M., Marrella, A., and Milani, F. (2019). A User Evaluation of Process Dis-

covery Algorithms in a Software Engineering Company. In Proceedings of the IEEE Enterprise

Distributed Object Computing Conference, pages 142–150.

Andrews, R., Wynn, M. T., Vallmuur, K., Ter Hofstede, A. H., and Bosley, E. (2020). A Comparative Pro-

cess Mining Analysis of Road Trauma Patient Pathways. International Journal of Environmental

Research and Public Health, 17(10):3426.

Augusto, A., Conforti, R., Dumas, M., La Rosa, M., Maggi, F. M., Marrella, A., Mecella, M., and Soo,

A. (2018). Automated Discovery of Process Models from Event Logs: : Review and Benchmark.

IEEE Transactions on Knowledge and Data Engineering, 31(4):686–705.

Becker, J., Brocke, J. v., Heddier, M., and Seidel, S. (2015). In Search of Information Systems (Grand)

Challenges: a Community of Inquirers Perspective. Business & Information Systems Engineering.

Bland, M. (2015). An introduction to medical statistics, volume 4. Oxford University Press (UK).

Carmona, J., van Dongen, B., Solti, A., and Weidlich, M. (2018). Conformance Checking. Springer,

Heidelberg.

Chiudinelli, L., Dagliati, A., Tibollo, V., Albasini, S., Geifman, N., Peek, N., Holmes, J. H., Corsi, F.,

Bellazzi, R., and Sacchi, L. (2020). Mining Post-surgical Care Processes in Breast Cancer Patients.

Artificial Intelligence in Medicine, 105:101855.

Claes, J. and Poels, G. (2013). Process Mining and the ProM Framework: an Exploratory Survey. Lecture

Notes in Business Information Processing, 132.

de Bruin, T. and Rosemann, M. (2007). Using the Delphi Technique to Identify BPM Capability Areas.

In Proceedings of the 2007 Australasian Conference on Information Systems, pages 643–653.

Drakoulogkonas, P. and Apostolou, D. (2021). On the Selection of Process Mining Tools. Electronics,

10(4):451.

Dumas, M., Rosa, M. L., Mendling, J., and Reijers, H. A. (2018). Fundamentals of Business Process

Management. Springer, Heidelberg.

27



Emamjome, F., Andrews, R., and ter Hofstede, A. H. M. (2019). A Case Study Lens on Process Mining

in Practice. Lecture Notes in Computer Science, 11877:127–145.

Fischer, D. A., Goel, K., Andrews, R., van Dun, C. G. J., Wynn, M. T., and Röglinger, M. (2020).

Enhancing Event Log Quality: Detecting and Quantifying Timestamp Imperfections. Lecture

Notes in Computer Science, 12168:309–326.

Galic, G. and Wolf (2021). Global process mining survey 2021: delivering value with process analytics –

adoption and success factors of process mining. https://www2.deloitte.com/de/de/pages/

finance/articles/global-process-mining-survey-2021.html, Accessed on 6 July 2021.

Ghazal, M. A., Ibrahim, O., and Salama, M. A. (2017). Educational Process Mining: a Systematic Liter-

ature Review. In Proceedings of the 2017 IEEE European Conference on Electrical Engineering

and Computer Science, pages 198–203.

Grisold, T., Mendling, J., Otto, M., and vom Brocke, J. (2020). Adoption, Use and Management of

Process Mining in Practice. Business Process Management Journal, 27(2):369–387.

Gupta, U. G. and Clarke, R. E. (1996). Theory and Applications of the Delphi Technique. Technological

Forecasting and Social Change, 53(2):185 – 211.

Heckman, J. J. (2010). Selection Bias and Self-Selection. In Durlauf, S. N. and Blume, L. E., editors,

Microeconometrics, volume 24, pages 242–266. Palgrave Macmillan, London.

HSPI (2020). Process Mining: a Database of Applications. https://www.hspi.it/wp-content/

uploads/2020/01/HSPI_Process_Mining_Database2020.pdf, Accessed on 3 February

2020.

Indulska, M., Green, P. F., Recker, J., and Rosemann, M. (2009). Business Process Modeling: Perceived

Benefits. Lecture Notes in Computer Science, 5829:458–471.

Keeney, S., Hasson, F., and McKenna, H. (2006). Consulting the Oracle: Ten Lessons from Using the

Delphi Technique in Nursing Research. Journal of Advanced Nursing, 53(2):205–212.

Kerpedzhiev, G. D., König, U. M., Röglinger, M., and Rosemann, M. (2021). An Exploration into Future

Business Process Management Capabilities in View of Digitalization. Business & Information

28

https://www2.deloitte.com/de/de/pages/finance/articles/global-process-mining-survey-2021.html
https://www2.deloitte.com/de/de/pages/finance/articles/global-process-mining-survey-2021.html
https://www.hspi.it/wp-content/uploads/2020/01/HSPI_Process_Mining_Database2020.pdf
https://www.hspi.it/wp-content/uploads/2020/01/HSPI_Process_Mining_Database2020.pdf


Systems Engineering, 63(2):83–96.

Kerremans, M., Searle, S., Srivastava, T., and Iijima, K. (2020). Market Guide for Process

Mining. https://www.gartner.com/en/documents/3991229/market-guide-for-process

-mining, Accessed on 7 October 2020.

König, U. M., Linhart, A., and Röglinger, M. (2019). Why Do Business Processes Deviate? Business

Research, 12(2):425–453.

Koplowitz, R. (2020). Now Tech: Process Mining And Documentation. https://

www.forrester.com/report/Now+Tech+Process+Mining+And+Documentation+Q1+2020/

-/E-RES158955#, Accessed on 5 February 2020.

Kratsch, W., Manderscheid, J., and Röglinger, M. (2020). Machine Learning in Business Process Mon-

itoring: a Comparison of Deep Learning and Classical Approaches Used for Outcome Prediction.

Business & Information Systems Engineering, 63(3):261–276.

Lang, M., Wiesche, M., and Krcmar, H. (2018). Criteria for Selecting Cloud Service Providers: a Delphi

Study of Quality-of-Service Attributes. Information & Management, 55(6):746–758.

Mahendrawathi, E., Astuti, H. M., and Nastiti, A. (2015). Analysis of Customer Fulfilment with Process

Mining: a Case Study in a Telecommunication Company. Procedia Computer Science, 72:588–

596.

Mans, R., Reijers, H. A., Berends, H., Bandara, W., and Prince, R. (2013). Business Process Mining

Success. In Proceedings of the 2013 European Conference on Information Systems, page 89.

Martin, N., Depaire, B., and Caris, A. (2016). The Use of Process Mining in Business Process Simulation

Model Construction. Business & Information Systems Engineering, 58(1):73–87.

Mehta, C. R. and Patel, N. R. (1983). A Network Algorithm for Performing Fisher’s Exact Test in r× c

Contingency Tables. Journal of the American Statistical Association, 78(382):427–434.

Moghaddam, A. (2006). Coding Issues in Grounded Theory. Issues in Educational Research, 16(1):52–

66.

Okoli, C. and Pawlowski, S. D. (2004). The Delphi Method as a Research Tool: an Example, Design

29

https://www.gartner.com/en/documents/3991229/market-guide-for-process-mining
https://www.gartner.com/en/documents/3991229/market-guide-for-process-mining
https://www.forrester.com/report/Now+Tech+Process+Mining+And+Documentation+Q1+2020/-/E-RES158955#
https://www.forrester.com/report/Now+Tech+Process+Mining+And+Documentation+Q1+2020/-/E-RES158955#
https://www.forrester.com/report/Now+Tech+Process+Mining+And+Documentation+Q1+2020/-/E-RES158955#


Considerations and Applications. Information & Management, 42(1):15 – 29.

Paré, G., Cameron, A., Poba-Nzaou, P., and Templier, M. (2013). A Systematic Assessment of Rigor in

Information Systems Ranking-type Delphi Studies. Information Management, 50:207–217.

Partington, A., Wynn, M., Suriadi, S., Ouyang, C., and Karnon, J. (2015). Process Mining for Clinical

Processes: A Comparative Analysis of Four Australian Hospitals. ACM Transactions on Manage-

ment Information Systems, 5(4):1–18.

Rad, M. S., Nilashi, M., and Dahlan, H. M. (2018). Information technology adoption: a review of the

literature and classification. Universal Access in the Information Society, 17(2):361–390.

Reinkemeyer, L. (2020). Process Mining in Action: Principles, Use Cases and Outlook. Springer,

Heidelberg.

Rojas, E., Munoz-Gama, J., Sepúlveda, M., and Capurro, D. (2016). Process Mining in Healthcare.

Journal of Biomedical Informatics, 61:224–236.

Rosemann, M. and vom Brocke, J., editors (2015a). Handbook on Business Process Management 1.

Springer Berlin Heidelberg, Berlin, Heidelberg.

Rosemann, M. and vom Brocke, J., editors (2015b). Handbook on Business Process Management 2.

Springer Berlin Heidelberg, Berlin, Heidelberg.

Rosemann, M. and vom Brocke, J. (2015c). The Six Core Elements of Business Process Management. In

Rosemann, M. and vom Brocke, J., editors, Handbook on Business Process Management 1, pages

105–122. Springer, Heidelberg.

Schmidt, R. (1997). Managing Delphi Surveys Using Nonparametric Statistical Techniques. Decision

Sciences, 28:763–774.

Schmidt, R., Lyytinen, K., Keil, M., and Cule, P. (2001). Identifying Software Project Risks. Journal of

Management Information Systems, 17:5–36.

Schmiedel, T., vom Brocke, J., and Recker, J. (2013). Which Cultural Values Matter to Business Process

Management? Business Process Management Journal, 19:292–317.

Skinner, D., Nelson, R., Chin, W., and Land, L. (2015). The Delphi Method Research Strategy in Studies

30



of Information Systems. Communications of the Association for Information Systems, 37:31–63.

Song, M. and van der Aalst, W. M. P. (2008). Towards Comprehensive Support for Organizational

Mining. Decision Support Systems, 46(1):300–317.

Syed, R., Leemans, S. J. J., Eden, R., and Buijs, J. A. C. M. (2020). Process Mining Adoption: a

Technology Continuity Versus Discontinuity Perspective. Lecture Notes in Business Information

Processing, 392:229–245.

Teinemaa, I., Dumas, M., Rosa, M. L., and Maggi, F. M. (2019). Outcome-oriented Predictive Process

Monitoring. ACM Transactions on Knowledge Discovery from Data, 13(2):1–57.

Thiede, M., Fuerstenau, D., and Barquet, A. P. B. (2018). How is Process Mining Technology Used by

Organizations? Business Process Management Journal, 24(4):900–922.

Turner, C. J., Tiwari, A., Olaiya, R., and Xu, Y. (2012). Process Mining: From Theory to Practice.

Business Process Management Journal, 18(3):493–512.

van der Aalst, W. M. P. (2016). Process Mining: Data Science in Action. Springer, Heidelberg.

van der Aalst, W. M. P., Adriansyah, A., ..., and Wynn, M. (2012). Process Mining Manifesto. Lecture

Notes in Business Information Processing, 99:169–194.

Van Looy, A., De Backer, M., and Poels, G. (2014). A Conceptual Framework and Classification of

Capability Areas for Business Process Maturity. Enterprise Information Systems, 8(2):188–224.

Van Looy, A., Poels, G., and Snoeck, M. (2017). Evaluating Business Process Maturity Models. Journal

of the Association for Information Systems, 18(6):461–486.

vom Brocke, J. and Mendling, J., editors (2018). Business Process Management Cases. Springer Inter-

national Publishing, Cham.

von der Gracht, H. A. (2012). Consensus Measurement in Delphi Studies. Technological Forecasting

and Social Change, 79(8):1525–1536.

31



A Appendix A: Demographic Information about the Delphi Panel

Table 7: Demographic information about the Delphi panel

Academics 17 Practitioners 23
C

ou
nt

ry
of

m
ai

n
ac

tiv
ity

Australia 2 Australia 1

Belgium 2 Belgium -

Canada 1 Canada -

Chile 2 Chile -

Finland - Finland 1

Germany - Germany 8

Israel 1 Israel -

Italy 2 Italy 2

Japan - Japan 1

The Netherlands 2 The Netherlands 6

Norway 1 Norway -

Slovakia - Slovakia 1

South Korea 1 South Korea -

Spain 2 Spain -

Switzerland - Switzerland 1

United States of America 1 United States of America 2

E
xp

er
ie

nc
e

Years holding a PhD Years of work experience
>10 9 >10 19

5-10 6 5-10 2

<5 2 <5 2

Years of PM research Years of PM experience
>10 7 >10 8

5-10 10 5-10 7

<5 0 >5 8

B
ac

kg
ro

un
d

PhD Discipline Job position
Computer Science 9 Department Head 7

Information Systems 3 Director 7

PM 2 Business consultant/analyst 5

Business Administration 1 CxO 3

Industrial Engineering 1 Project Manager 1

Business Process Management 1

E
m

pl
oy

ee
s >1,000 13

101-1,000 3

10-100 5

<10 2
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B Appendix B: Delphi Study Procedure

B.1 Round 1 – Brainstorming of opportunities and challenges

In Round 1, which was conducted between 14 and 21 May 2020, we provided the experts with a motiva-

tion for the study, including the key design decisions. Additionally, we provided background information

on PM and encouraged them to assume a holistic view on PM by briefly referring to the BPM core el-

ements (de Bruin and Rosemann, 2007). In line with the chosen greenfield approach, we asked 40

experts to name at least five specific challenges and opportunities for the use of PM in organisations. We

also asked for short descriptions (1-3 sentences) to facilitate the coding and also gathered demographic

information about the experts. We also used the first questionnaire to gather further background infor-

mation on the panellists (see Appendix A) and to confirm they meet the selection criteria (Okoli and

Pawlowski, 2004). In total, we received 215 opportunities and 211 challenges, which we consolidated

into 28 opportunities and 27 challenges in the coding procedure. We grouped the consolidated opportu-

nities and challenges along the six core elements of BPM and developed PM-centred definitions of the

core elements (Section 3). Thereby, we merged the core elements methods and IT to acknowledge the

tight link between methods and IT tools in the digital age (Kerpedzhiev et al., 2021). Also, we further

grouped opportunities in that core element along the BPM lifecycle phases to account for the specific

ideas represented in them (Dumas et al., 2018). Here, we merged the phases process redesign and process

implementation as the expert input that related to these phases was closely intertwined.

B.2 Round 2 – Validation of opportunities and challenges

In Round 2, which was conducted between 1 and 7 June 2020, we asked the 40 experts that took part in

the initial round to validate the coded challenges and opportunities. Of the 40 invited experts, 37 partici-

pated in this round. The panellists received general background information on the study, information on

the coding procedure and relevant decisions, their input from Round 1, and the coded challenges and op-

portunities in a random order (Paré et al., 2013). Additionally, we provided the experts with the relevant

PM-centred definitions of the categories in which the items were grouped. We asked for comments as
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well as for suggestions for further challenges and opportunities. Based on the input in this round, which

also included new ideas, we slightly decreased the aggregation level of the items compared to that of the

opportunities and challenges in Round 1. Thus, the coding in this round resulted in 36 opportunities and

33 challenges. In this round, we retained the established categories for the items introduced in the coding

in Round 1. In Round 2, we also received initial coding and overall satisfaction ratings from the experts.

B.3 Round 3 – Narrowing down of opportunities and challenges

Round 3, conducted between 15 and 21 June 2020, intended to reduce the challenges and opportunities

to a manageable number for the rating phase. As outlined in Section 3, we invited all 40 experts that

had participated in Round 1 and Round 2 or just in Round 1 to this round. 35 of those participated

in Round 3. The questionnaire for this round included general information on the study as well as

remarks regarding the processing of items in the first two rounds. In terms of the voting procedure, we

implemented a negative selection by asking experts to vote out those ten challenges and opportunities

they deemed least relevant for the use of PM. We did this to reduce the cognitive load on the experts

since a positive selection would have implied a higher number of items to be chosen by each expert. The

number of items for the negative selection granted the experts sufficient degrees of freedom since they

represented roughly a third of the number of challenges and opportunities. After receiving the votes of

the experts, we eliminated items that were voted out by more than 50% of the panel and kept the rest as

an input for the rating phase of the study (Paré et al., 2013). Applying this simple selection rule ensured

a manageable number of shortlisted items (30 opportunities and 32 challenges) and also meant that very

few items were eliminated (6 opportunities and 1 challenge) in accordance with the holistic purpose of

the study and the diversity of the input. Based on the initial satisfaction ratings in Round 2, in Round

3 the mean coding satisfaction increased from 6.11 to 6.34, and the overall satisfaction increased from

6.16 to 6.43.
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B.4 Round 4 – Rating of opportunities and challenges

In Round 4, which was conducted between 26 June and 2 July 2020, we initiated the rating phase of the

study to gain insights into the comparative relevance of the opportunities and challenges. 32 of the 35

invited experts that had taken part in Round 3 participated in Round 4. As in the previous rounds, the

questionnaire for this round included general information on the study as well as detailed instructions

on the rating procedure. We invited the experts to rate all shortlisted challenges and opportunities in

terms of their relative relevance using the following ordinal scale: “extremely relevant", “moderately

relevant", “somewhat relevant", and “irrelevant". We included rating category “irrelevant" for cross-

checking purposes to account for the case that individual panellists may still have considered certain

shortlisted challenges and opportunities as irrelevant even if they had not been eliminated in Round

3. This indeed occurred, but very seldom as Table 3 and Table 4 suggest. If it would have occurred

systematically, we would have repeated the narrowing down procedure. We informed the experts that

this category was used for cross-checking purposes to prevent them from perceiving the scale as non-

equidistant. In Round 4, the study satisfaction increased to 6.53 while the coding satisfaction with the

final lists of challenges and opportunities remained constant. Note that experts were not requested to

justify their ratings given the exploratory nature of the study and the efforts which were already asked

from the experts throughout the study.

B.5 Round 5 – Rating of opportunities and challenges

Starting from Round 5, which was conducted between 8 and 14 July 2020, we divided the panel into

an academic and industry subpanel to gain insights into potential differences in the perceived relative

relevance between the two groups of experts. All 32 experts who had taken part in Round 4 also partic-

ipated in this round. The questionnaire for Round 5 included the same general information on the study

as Round 4. For the first time, experts were confronted with the aggregated rating distribution of the

relevant subpanel they were in resulting from Round 4. By providing this information, we intended to

calibrate the experts’ understanding of the relative relevance of each item within the respective subpanel.
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Based on the additional rating information we asked experts to reconsider their initial rating from Round

4 only in case they deemed it necessary. In this round, we noticed a very slight drop in the mean study

satisfaction, which amounted to 6.47.

B.6 Round 6 – Rating of opportunities and challenges

Round 6, conducted between 17 and 23 July 2020, was a conceptual repetition of Round 5. Again, we

provided experts with the same information on the study as well as the updated item distributions in the

relevant subpanel and asked them to reconsider their ratings if deemed necessary. All 32 experts from

Round 5 took part in this round. Round 6 resulted in the highest study satisfaction of 6.67 as well as the

lowest standard deviation (0.47). Due to the slight difference in the satisfaction between Rounds 5 and

6, as well as the fact that we had conducted three rating rounds, we decided to terminate the study in

accordance with the established termination condition (Paré et al., 2013). In addition to the quantitative

measures, the convergence of the results was supported by the received qualitative feedback.
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C Appendix C: Overall and Coding Satisfaction

Table 8: Overall and coding satisfaction

Expert Category Round 1 Round 2 Round 3 Round 4 Round 5 Round 6
ID P OS CS OS CS OS CS OS OS
1 Practitioner yes - - - - - - - -
2 Academic yes 7 7 - - - - - -
3 Practitioner yes 7 7 7 7 7 7 7 7
4 Academic yes 7 7 6 6 7 7 6 6
5 Practitioner yes 7 7 7 7 7 7 7 7
6 Academic yes 6 6 6 6 6 6 6 6
7 Practitioner yes 6 6 6 7 7 7 7 7
8 Practitioner yes 7 7 7 7 7 7 7 6
9 Academic yes 5 5 6 6 6 7 6 7
10 Academic yes 6 6 7 6 7 7 7 7
11 Practitioner yes 7 6 7 6 6 6 6 7
12 Academic yes 6 6 6 6 6 6 6 6
13 Practitioner yes 6 6 6 5 5 5 4 6
14 Practitioner yes 7 7 7 7 7 7 7 7
15 Practitioner yes 2 4 6 6 7 7 6 7
16 Practitioner yes 7 6 7 7 7 7 7 7
17 Practitioner yes 6 6 - - - - - -
18 Academic yes 5 5 7 7 7 6 6 7
19 Practitioner yes - - - - - - - -
20 Academic yes 7 6 7 6 6 6 7 7
21 Academic yes 6 6 6 2 7 7 7 7
22 Practitioner yes 7 7 7 7 7 7 7 7
23 Academic yes 6 5 6 6 6 6 7 7
24 Academic yes - - 2 6 6 4 6 6
25 Practitioner yes 6 7 6 6 7 7 6 6
26 Academic yes 6 6 7 6 7 7 6 7
27 Academic yes 7 7 7 7 7 7 7 7
28 Practitioner yes 6 6 - - - - - -
29 Academic yes 6 7 7 7 7 7 7 6
30 Practitioner yes 7 7 7 7 7 6 7 7
31 Academic yes 6 7 7 7 6 7 6 7
32 Practitioner yes 4 6 5 6 6 4 6 7
33 Academic yes 6 3 6 6 6 4 6 7
34 Practitioner yes 7 6 7 7 - - - -
35 Practitioner yes 4 4 7 7 - - - -
36 Practitioner yes 6 6 6 6 6 6 7 6
37 Academic yes 7 7 7 7 7 7 7 7
38 Practitioner yes 7 6 7 6 6 5 7 6
39 Practitioner yes 6 6 6 7 6 7 6 6
40 Practitioner yes 7 7 7 7 - - - -

P = Participation in Round 1; OS = Overall study satisfaction; CS = Coding satisfaction
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D Appendix D: Detailed Statistics on Opportunities and Challenges

Table 9: Shortlisted opportunities for the use of PM in organisations

A P A PID Strategic alignment ER MR SR IR Median Median Mode Mode p-value

O.1 Enabling inter-organisational value
creation** MR ER MR ER 0.0026

O.2 Facilitating strategic decision-making MR MR MR MR 0.8592

O.3 Supporting digital transformation*** MR ER MR ER 0.0009

Governance

O.4 Maintaining an up-to-date business
process repository MR MR,SR MR SR 0.1121

O.5 Supporting data management MR MR MR MR 0.3788

Methods/IT - Overall

O.6 Complementing management ap-
proaches and techniques MR MR MR ER 0.0541

O.7 Supporting IT management MR MR MR MR 0.7976

Methods/IT - Process discovery

O.8 Accelerating as-is business process
modelling* MR ER MR ER 0.0290

O.9 Enhancing business process trans-
parency ER ER ER ER 1.0000

Methods/IT - Process analysis

O.10 Analysing business processes from the
resource perspective ER ER ER ER 0.4425

O.11 Analysing business process variants
and exceptions* ER ER ER ER 0.0434

O.12 Understanding business process com-
pliance ER ER ER ER 0.3326

O.13 Detecting business process drift* MR ER,MR MR ER 0.0199

O.14 Enabling business process comparison
and benchmarking ER ER ER ER 0.5947

O.15 Enhancing business process risk man-
agement MR MR MR MR 0.2340

O.16 Identifying business process waste ER ER ER ER 1.0000

Methods/IT - Process redesign and implementation

O.17 Enabling business process automa-
tion* MR MR ER MR 0.0484

O.18 Enhancing business process improve-
ment and redesign ER ER ER ER 1.0000

O.19 Improving resource assignment in
business processes** ER MR ER MR 0.0083

Methods/IT - Process monitoring and controlling

O.20 Enabling decision-making at run-time ER MR ER ER 0.0830

O.21 Evaluating business process perfor-
mance ER ER ER ER 0.2258

O.22 Predicting outcomes of running
cases** ER,MR ER ER,MR ER 0.0024

People

O.23 Enhancing employee training* SR MR SR MR 0.0420

O.24 Enriching domain knowledge through
data ER,MR MR ER,MR ER 0.3878

O.25 Generating intuitive visualisations for
business users ER ER ER ER 0.0687

O.26 Supporting knowledge management ER MR ER MR 0.2148

Culture

O.27 Fostering a business process- and data-
centric mindset MR ER MR ER 0.2890

O.28 Fostering a continuous improvement
mindset*** MR ER MR ER 0.0001

O.29 Nurturing evidence-based communica-
tion and decision-making ER ER ER ER 0.1400

O.30 Supporting a culture of customer cen-
tricity SR MR SR MR 0.0674

A: academics( ); P: practitioners( ); ER: extremely relevant; MR: moderately relevant; SR: slightly relevant; IR: irrelevant;
significance codes: p<0.001: ***, p<0.01: **, p<0.05: *;
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Table 10: Shortlisted challenges for the use of PM in organisations

A P A PID Strategic alignment ER MR SR IR Median Median Mode Mode p-value

C.1 Elusive business value ER MR ER MR 0.1804

C.2 Lack of management support ER ER ER ER 0.0829

C.3 Unclear success factors ER,MR MR ER MR 0.4366

Governance

C.4 Constraining data access barriers ER,MR MR ER MR 0.0776

C.5 Lack of interdisciplinary and cross-
functional teams* MR ER MR ER 0.0194

C.6 Missing implementation guidance MR MR MR MR 0.5892

C.7 Poor data quality* ER ER ER ER 0.0373

C.8 Restricting data privacy regulations MR MR MR MR 0.1849

C.9 Unavailability of data*** ER MR ER MR 0.0002

C.10 Unclear organisational anchoring*** SR MR SR MR 0.0008

Methods/IT

C.11 Challenging (real-time) system inte-
gration** MR MR MR ER 0.0218

C.12 Complex data preparation ER ER ER ER 0.1612

C.13 Difficult analysis of process exceptions MR MR MR MR 0.5424

C.14 Difficult handling of unstructured data MR MR MR ER 0.0630

C.15 Fragmented solutions** MR SR MR SR 0.0031

C.16 Incomprehensible outcomes*** ER SR ER SR 0.0002

C.17 Insufficient prescriptive capabilities MR MR MR SR 0.3831

C.18 Lack of advanced features MR MR SR SR 1.0000

C.19 Underrepresentation of declarative
models MR SR MR SR 0.0659

People

C.20 Insufficient domain expertise ER,MR MR ER MR 0.8824

C.21 Insufficient analytical skills ER MR ER ER 0.1164

C.22 Insufficient technical skills** ER MR ER MR 0.0071

Culture

C.23 Aversion to transparency ER MR ER MR 0.2585

C.24 Insufficient data orientation*** ER MR,SR ER SR 0.0002

C.25 Insufficient process orientation*** ER MR ER MR 0.0010

C.26 Invasive work monitoring MR MR MR MR 0.2480

C.27 Lack of continuous incorporation MR MR MR MR 0.1351

C.28 Lack of trust in insights ER MR ER MR 0.0619

C.29 Misleading overconfidence MR MR MR MR 0.6601

C.30 Resistance to change MR ER MR ER 0.0732

C.31 Unsubstantiated expectations MR MR ER MR 0.8153

C.32 Unwillingness to share domain knowl-
edge* MR SR MR SR 0.0323

A: academics( ); P: practitioners( ); ER: extremely relevant; MR: moderately relevant; SR: slightly relevant; IR: irrelevant;
significance codes: p<0.001: ***, p<0.01: **, p<0.05: *;

E Appendix E: Mapping of Results and Related Literature

The tables in this appendix relate the shortlisted opportunities and challenges from our study to closely

related papers from the state-of-the-art in literature. In particular, Claes and Poels (2013), Mans et al.
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(2013), Syed et al. (2020) and Grisold et al. (2020) are incorporated as they investigate the use of PM in

organisations without starting from a particular use case. Given the value of targeted PM case studies,

but taking into account that a full review of these case studies is beyond the scope of this paper, we also

took the recent textbook by Reinkemeyer (2020) into consideration. This textbook reports on twelve PM

cases from various application areas.

It should be noted that it is not trivial to map items from different studies due to their variety regarding

the level of granularity. Consequently, a distinction has been made between items which are directly

related and items which are indirectly related. The latter category refers to items from literature which

are somewhat related to items in our Delphi study, but are specified e.g. at a different level of granularity.

As follows from the tables, 4 opportunities and 10 challenges could be directly related to items in

closely related papers from the state-of-the-art in literature. 18 opportunities and 22 challenges are indi-

rectly related, but are specified e.g. at a different level of granularity. 12 opportunities and 9 challenges

from our study did not explicitly come forward in any of the considered papers.
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Table 11: Mapping of opportunities to related literature

SYNTHESIS RELATED LITERATURE
ID Opportunity Directly

related
Indirectly

related
[1] Grisold
et al. 2020

[2] Syed
et al. 2020

[3] Mans
et al. 2013

[4] Claes and
Poels 2013

[5] Reinke-
meyer 2020

O.1 Enabling inter-organisational value
creation

O.2 Facilitating strategic decision making

O.3 Supporting digital transformation [5] BMW
EPD

O.4 Maintaining an up-to-date business
process repository

O.5 Supporting data management

O.6 Complementing management ap-
proaches and techniques [4],[5] Predict/simulate

Find causes
BMW
Bayer

O.7 Supporting IT management

O.8 Accelerating as-is-business process
modeling [4] [5]

Objectivity
Speed
Little effort

Uber
Bosch

O.9 Enhancing business process trans-
parency [4] [5] Transparency

Visual Athenahealth

O.10 Analysing business processes from the
resource perspective [4] Different views

O.11 Analysing business process variants
and exceptions [4],[5] Variations EPD

O.12 Understanding business process com-
pliance [4] [5] Conformance

Audit
EPD
Audit

O.13 Detecting business process drift

O.14 Enabling business process comparison
and benchmarking

O.15 Enhancing business process risk man-
agement [5] Bayer

O.16 Identifying business process waste [4],[5] Bottlenecks Athenahealth

O.17 Enabling business process automation [5]

Siemens
Uber
BMW
EPD
Athenahealth
Bosch
Bayer

O.18 Enhancing business process improve-
ment and redesign [5]

Siemens
BMW
EPD
ABB

O.19 Improving resource assignment in
business processes

O.20 Enabling decision-making at run-time [5] Schukat

O.21 Evaluating business process perfor-
mance [4],[5] Metrics ABB

O.22 Predicting outcomes of running cases [4],[5] Predict/simulate Uber

O.23 Enriching domain knowledge through
data [2] Actionable

insights

O.24 Enhancing employee training

O.25 Generating intuitive visualisations for
business users [4] Visual

O.26 Supporting knowledge management

O.27 Fostering a business process- and data-
centric mindset

O.28 Fostering a continuous improvement
mindset [1]

Business value
is created when
PM is used to
(continuously)
analyze business
processes

O.29 Nurturing evidence-based communica-
tion and decision-making [1] [5]

Decisions can
be made based
on evidence
through real
data

Siemens

O.30 Supporting a culture of customer cen-
tricity

Count of opportunities with related items
from literature 4 18

Unmapped items
Completeness
Accessibility
Bottom-up6

6 These items were not mapped because the paper did not provide a description of their meaning.
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Table 12: Mapping of challenges and related literature

SYNTHESIS RELATED LITERATURE
ID Challenge Directly

related
Indirectly

related
[1] Grisold et al. 2020 [2] Syed et al. 2020 [3] Mans et al. 2013

[4] Claes and
Poels 2013

[5] Reinkemeyer 2020

C.1 Elusive business value [1],[5] [2],[4]

Process managers
do not know how to
calculate the
business value of
process mining
activities

Perceived benefits Hard to sell
Cost BMW

C.2 Lack of management support [1],[3],[5]
They need guidance
to convince
decision-makers

Management
support ABB

C.3 Unclear success factors

C.4 Constraining data access barriers [1],[2],[4] [5]

There is an
asymmetry in terms
of the permission to
access and use of
relevant data

Data & information
quality Data access EPD

C.5 Lack of interdisciplinary and cross-
functional teams [1],[2],[5]

Teams who are
responsible for data
integration often
have difficulties to
obtain the data since
they are not
involved in the
decision-making

Collaborative
tensions

Athenahealthcare
EPD

C.6 Missing implementation guidance [4] [1],[3],[5]
It is unclear what
process properties
are important

Project management Intuitive/guidance

BMW
Athenahealthcare
Siemens
ABB

C.7 Poor data quality [2],[4] [1],[3],[5]

It needs to be
ensured that data has
high quality and is
complete

Data & information
quality

Data and event log
quality Data quality

Schukat
Siemens
Healthineers
Bayer

C.8 Restricting data privacy regulations [1],[5]
There should be a
transparent data
policy

Bayer

C.9 Unavailability of data [1] A sufficient amount
of data must exist

C.10 Unclear organisational anchoring [2] [5] Governance Uber
ABB

C.11 Challenging (real-time) system inte-
gration [4] Integration

C.12 Complex data preparation [4] [1],[5]

There are data
fractions when
process runs on
different systems

Data preparation
costs

Siemens
Athenahealthcare
Siemens
Healthineers

C.13 Difficult analysis of process exceptions

C.14 Difficult handling of unstructured data

C.15 Fragmented solutions [4],[5] Integration Siemens
Healthineers

C.16 Incomprehensible outcomes [4] [2] Process
complexities

Hard to understand
Spaghetti models
Hard to explain

C.17 Insufficient prescriptive capabilities [5] Telekom

C.18 Lack of advanced features [4] Only as-is

C.19 Underrepresentation of declarative
models

C.20 Insufficient domain expertise [1],[3]

Process managers
miss information
about how certain
variables can inform
decision-making

Resource
availability

C.21 Insufficient analytical skills

C.22 Insufficient technical skills [2] [3],[4],[5] User-related PM expertise Too many options

BMW
EPD
Siemens
Healthineers
Bayer

C.23 Aversion to transparency [1],[5]

It is important to
cope with the
increased
transparency created
through process
mining

BMW
ABB

C.24 Insufficient data orientation

C.25 Insufficient process orientation

C.26 Invasive work monitoring [1]

Transparency may
lead to distrust and
perceived
surveillance

C.27 Lack of continuous incorporation [5] Schukat

C.28 Lack of trust in insights [2] [4] Technical Reliability

C.29 Misleading overconfidence

C.30 Resistence to change [2],[5] User tailoredness Uber

C.31 Unsubstantiated expecations [5] Telekom

C.32 Unwilligness to share domain knowl-
edge

Count of challenges with related items from
literature 10 22

Unmapped items Tool limitations
Performance7

7 These items were not mapped because the paper did not provide a description of their meaning.
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