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Abstract

Purpose — Process mining (PM) has emerged as a leading technology for gaining data-based insights into
organizations’ business processes. As processes increasingly cross-organizational boundaries, firms need to
conduct PM jointly with multiple organizations to optimize their operations. However, current knowledge on
cross-organizational process mining (coPM) is widely dispersed. Therefore, we synthesize current knowledge
on coPM, identify challenges and enablers of coPM, and build a socio-technical framework and agenda for

future research.

Design/methodology/approach — We conducted a literature review of 66 articles and summarized the
findings according to the framework for Information Technology (IT)-enabled inter-organizational coordination
(IOC) and the refined PM framework. The former states that within inter-organizational relationships,
uncertainty sources determine information processing needs and coordination mechanisms determine
information processing capabilities, while the fit between needs and capabilities determines the relationships’
performance. The latter distinguishes three categories of PM activities: cartography, auditing and navigation.
Findings — Past literature focused on coPM techniques, for example, algorithms for ensuring privacy and PM
for cartography. Future research should focus on socio-technical aspects and follow four steps: First, determine
uncertainty sources within coPM. Second, design, develop and evaluate coordination mechanisms. Third,
investigate how the mechanisms assist with handling uncertainty. Fourth, analyze the impact on coPM
performance. In addition, we present 18 challenges (e.g. integrating distributed data) and 9 enablers (e.g.

aligning different strategies) for coPM application.

Originality/value — This is the first article to systematically investigate the status quo of coPM research and
lay out a socio-technical research agenda building upon the well-established framework for IT-enabled I0C.

Keywords Cross-organizational process mining, Inter-organizational coordination, Literature review,
Challenges, Enablers, Research agenda
Paper type Literature review

1. Introduction

Process mining (PM) recently evolved as a key technology for continuously gaining insights
into the actual business processes of an organization. Compliance violations and performance

‘ optimization potentials can be detected (Van Der Aalst, 2011c), process transparency
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increased, process standardization assisted and process deviations reduced (Buijs and Reijers,
2014; Yilmaz and Senkul, 2015). Despite its potential for cross-organizational optimization, it
has mainly been implemented and investigated in the context of a single firm or system
(Mendling et al., 2020; Thiede et al.,, 2018). Globalization and digital transformation, however,
marked a paradigm shift in how organizations run their operations (Mendling et al., 2020).
Value chains are increasingly going beyond the boundaries of a single firm, for example, to
efficiently produce and deliver products in supply chains (Lamghari et al,, 2020). Hence, an
organization is only responsible for certain parts of the overall process and does not have
access to all the process data, as the information exchange is hampered by specific barriers, for
example, a lack of trust, incompatible Information Technology (IT) systems or a lack of
interest alignment (Beynon-Davies and Wang, 2019; Engel et al, 2013b; Ghosh and
Fedorowicz, 2005) but also a lack of awareness about the optimization potential. Thus,
operational inefficiencies are omnipresent, and business processes are not optimized across
organizations (Capgemini, 2012). To improve operations in inter-organizational settings,
however, an involved organization needs to obtain additional perspectives from outside; for
example, by collaborating with partners for business process optimization (Claes and Poels,
2014). When data from multiple organizations is shared and analyzed with PM, this is called
cross-organizational PM (coPM), one of the main challenges of PM (Van Der Aalst et al, 2012,
R’bigui and Cho, 2017). In the same way, Vom Brocke et al. (2021) called for research on the
ecosystem level of PM and thereby on PM across organizational boundaries, while Martin et al.
(2021) identified inter-organizational value creation from PM as a highly relevant opportunity
for practitioners, for example, by understanding large, complex processes and the interactions
taking place between actors within the process (Helm and Kiing, 2016) to increase process
efficiency or leverage monetary and non-monetary values (Badakhshan et al,, 2022).
Organizations can generally achieve technological innovation and progress with a sole
engineering spirit. The adoption, however, is also influenced by organizational and
environmental factors (Tornatzky and Fleischer, 1990). Literature reviews have already
proven value in synthesizing, advancing and guiding knowledge in multiple areas
surrounding PM and business process management (BPM), for example, the usage of PM
in organizations (Thiede et al, 2018), the application of artificial neural networks for PM
(Maita et al., 2015), agile BPM (Badakhshan et al., 2020), and the relationship between Industry
4.0 and BPM (Bazan and Estevez, 2022). As we will present in this article, current literature on
coPM is widely dispersed and lacks socio-technical aspects. Hence, to synthesize the status
quo, understand the involved challenges, identify enablers of coPM and point out valuable
future research directions, we conducted an assessing literature review (Leidner, 2018). As
stated by Leidner (2018), an assessing literature review builds upon an established
framework or theory, which is used during the literature coding process to identify under-
and over-investigated areas. Accordingly, we applied the research framework for inter-
organizational coordination (IOC) (Bensaou and Venkatraman, 1996) as an organizing device
for synthesizing the current state of knowledge and building a research framework and a
research agenda for coPM. Hence, we aim to answer the following three research questions:

RQI. What is the current state of the literature regarding coPM?
RQ2. Which challenges evolve from applying PM in a cross-organizational context?
RQ3. Which enablers assist researchers and organizations in applying coPM?

In addition, we build a research framework and agenda that lays the ground for future socio-
technical research on PM across organizational boundaries. We expect practitioners to
leverage the challenges and enablers arising in their respective contexts and encourage
researchers to reduce the number of research gaps identified.
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Overall, we add to the BPM and Information Systems (IS) literature by emphasizing the
importance of studying coPM as a broad socio-technical phenomenon, rather than a pure
technical challenge. In addition, we derive a future research agenda, pointing to critical,
promising, and so far under-investigated topics and provide a conceptual background for
future research. This will assist researchers in advancing our understanding of how PM can
unleash value potentials across organizational boundaries (Martin ef al, 2021). We further
add to the literature body on inter-organizational IS and inter-organizational data analysis by
presenting the current state of knowledge on coPM. This and the identified challenges and
enablers will also assist practitioners in applying coPM.

The rest of the article is structured as follows. Section 2 presents the theoretical
background on BPM and (cross-organizational) PM. Section 3 describes the literature review
design and introduces the framework for IOC that guides our literature analysis. Section 4
presents the results of our literature review in four sub-sections. Beginning with a descriptive
overview of the data and processes analyzed within the selected articles, it continues with
summarizing the current state of knowledge on coPM according to the dimensions of the
framework for IOC and the refined PM framework. Subsequently, challenges and enablers of
coPM are presented. Section 5 discusses the research results, presents future research
directions, describes the theoretical and practical implications and outlines the research’s
limitations. Finally, Section 6 concludes the paper.

2. Theoretical background

This section will first introduce BPM as an overarching approach in which PM is embedded.
Second, we explain the founding aspects of PM in and across organizations. We limit our
description to the fundamentals, as we will elaborate on coPM as a result of the literature
review in detail during Section 4. Third, we will summarize the identified research gaps and
thereby provide additional motivation for our study.

2.1 Business process management

Organizations execute business processes during their operation to satisfy their customers. It
is in their utmost interest to ensure that their processes run smoothly and are performed
efficiently and effectively. These processes, however, are usually not fully optimized,
resulting in inefficiencies and unwanted financial consequences, for example, higher costs or
longer cycle times (Capgemini, 2012). Therefore, BPM aims to tackle those inefficiencies and
increase an organization’s operational performance. Toward this end, six phases need to be
implemented: Process identification seeks to select the process to investigate and improve,
including defining a systematic way to identify the next process to tackle. Subsequently, the
process discovery phase creates a process model representing how the process is executed.
Afterward, the process is analyzed to identify improvement potentials, for example, redundant
activities. Then, the process is redesigned to overcome the previously identified issues before
the new process is implemented in reality. Finally, the process is monitored to gather
information on its execution and increase operational transparency. Organizations iterate
through these cycles to ensure continuous improvement, thereby implementing a BPM
lifecycle (see Figure 1). The application of those stages is supported by various tools,
methods, and techniques, for example, interviews to gather information on process behavior
or a workflow system to ensure the process is executed as intended (Dumas et al., 2018).

2.2 Process mining in and across organizations
The Big Data Analytics (BDA) technology PM was developed to support the BPM lifecycle,
especially during process discovery, analysis, redesign and monitoring; hence, boosting



operational performance by building upon data that is already stored in organizations’ IS.
Following the idea of Van Der Aalst (2016), we consider PM in this article as the “missing link”
between BPM and BDA, combining process-centric principles from BPM with data-centric
principles from BDA.

The refined PM framework of Van Der Aalst (2016) builds upon two kinds of event data
(pre-mortem: current data; post-mortem: historic data) and two types of process models (de
jure models: normative; de facto models: descriptive) and distinguishes three categories of PM
activities:

(1) Cartography (Discovery, Enhance, Diagnose): Process models describing the actual
behavior hidden in the event log can be automatically discovered and further
enhanced, for example, by adding performance-related information. Subsequently,
these models can be manually diagnosed, for example, to discover inefficiencies or
bottlenecks and identify causal dependencies between individual tasks (Van Der
Aalst, 2010).

(2) Auditing (Detect, Check, Compare, Promote): An event log can be evaluated against
an existing process model to show if it is in conformance with it. This can happen with
post-mortem data (Check) or with pre-mortem data (Detect). Furthermore, multiple
event logs or process models can be compared to identify differences and
commonalities, including their root cause and performance impact as the basis for
promoting desirable future process behavior, for example, improving a de jure
process model.

(3) Navigation (Explore, Predict, Recommend): Navigation refers to forward-looking PM
activities, either explore currently running cases and compare them with historic ones,
predict future process behavior or recommend actions to undertake to impact process
operations proactively.

Applying PM requires that within the event log, cases representing process instances can be
identified (e.g. through a case ID), events happening for each case are recorded (e.g. described
through activity names), and an ordering can be derived, for example, by looking at the
events’ timestamps (Van Der Aalst, 2011c). Additional information, such as resources, costs
and location, can be integrated into the analysis to derive further insights. The event log
subsequently serves as the input for PM algorithms which, for example, in the discovery use
case, automatically derive a process model (Van Der Aalst, 2011c).

Organizations realizing PM projects typically pursue five steps (Van Der Aalst ef al,, 2012).
First, they plan and justify the PM project. Second, building upon an understanding of the
domain, the data, and the project’s goal, they extract event-log data and corresponding
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information (e.g. from an organization’s domain experts). Third, they discover a control-flow
model linked to the event log. Fourth, they create an integrated process model by enhancing
the basic model with supplemental information (e.g. resources performing activities or costs
associated with activity execution). Fifth, they continuously interpret the results for process
intervention, prediction and optimization; hence, applying the model for ongoing operational
support. Overall, PM projects usually lead to the creation of business value in the form of
improved process efficiency (e.g. reduction of cycle time), realized monetary values (e.g.
working capital improvement) or non-monetary values (e.g. higher customer satisfaction) and
can further enhance organizational learning and innovation (e.g. enable data-driven decisions
and generate new process-related knowledge) (Badakhshan et al, 2022; Mamudu et al., 2023).

When multiple organizations provide data for cooperative PM analyses, it is called “cross-
organizational PM,” of which two variations can be distinguished (Van Der Aalst, 2011b):
Collaboration refers to analyzing situations in which multiple organizations perform a cross-
organizational business process together (e.g. in a supply chain or at airports) to pursue a
worthwhile common goal (Bala and Venkatesh, 2007). In this scenario, firms can interoperate
in various ways and under different forms of hierarchy (Van Der Aalst, 1999): For example,
the overall process can be split into disjunct subprocesses, executed sequentially by different
organizations (“Chained execution”), for example, a collaboration between an original
equipment manufacturer (OEM) and several suppliers. Also, the process can be divided into
various locally defined subprocesses, while only the communication protocol is known to all
organizations (“Loosely coupled”), for example, at an airport, where airlines, ground handling
corporations, and the airport operator cooperate (Bohm et al,, 2021). In this case, the goal of
collaborative coPM is, for example, to identify and overcome inefficiencies at the intersection
of the participating organizations or to select essential data that can be shared continuously
to improve operations (Engel et al, 2016). The second variant of cross-organizational process
mining (coPM) is called “exploiting commonality” and refers to the situation where different
organizations perform variants of the same intra-organizational business process and apply
PM to identify reasons for performance differences, also referred to as benchmarking (Van
Der Aalst, 2011b). The comparison can happen between competitors (e.g. comparing the
operational performance of multiple airlines at an airport or analyzing the production process
of different suppliers of an OEM) or between non-competing organizations (e.g. analyzing a
patient-handling process across various hospitals or investigating citizen-related services
across multiple municipalities) (Buijs and Reijers, 2014; Partington et al, 2015; Van Der
Aalst, 2010).

2.3 Summary of research gap and practical motivation

Van Der Aalst et al. (2012) stated that coPM is one of the main challenges of PM, as multiple
organizations need to merge their event logs in a way that preserves privacy. R’bigui and Cho
(2017) recently emphasized the remaining relevance of this challenge. As we will observe in
this article, privacy preservation is only one part of multiple challenges surrounding coPM.
Hence, the question arises whether the early focus on privacy-preservation guided research in
this area and thereby led to defocusing other aspects of coPM, which in turn led to low coPM
adoption so far.

In addition, Vom Brocke et al. (2021) called for research on the ecosystem level of PM and
thereby on PM across organizational boundaries, while Martin ef /. (2021) identified inter-
organizational value creation from PM as a highly relevant opportunity for practitioners.
Also, Grisold et al (2021) reported a practitioner-based need to answer various socio-technical
questions surrounding the adoption and usage of PM. Past research on coPM, however, is
widely dispersed and mainly focused on technical aspects. This technical focus is
demonstrated by the literature reviews by Jokonowo et al. (2018) and Jacobi et al (2020) on



PM in supply chains with Jacobi et al (2020) stating that “from a technical point of view
(privacy, data conversion, and merging), we conclude that there is nothing to hinder cross-
organizational process mining in supply chains.” The core of the IS discipline, in contrast, is
the understanding that IS are human-machine-systems, and, therefore, socio-technical
systems combining machine components with humans (Krcmar, 2015; WKWI, 1994). This
socio-technical perspective, linking technical systems (e.g. technologies) with social systems
(e.g. people) (Bostrom and Heinen, 1977), however, was usually neglected, though it is long
acknowledged that IS fail due to misalignments with organizational behavior (Bostrom and
Heinen, 1977). Against this background, the premise for socio-technical research is that
people and technology are mutually constituted, while this mutuality is embedded within a
certain context and involves multiple parties and goals (Sawyer and Jarrahi, 2014). Also,
Mendling et al. (2020) and Mikalef and Krogstie (2020) highlight the need to understand the
context in which digital innovation, such as BDA or BPM, is executed. Furthermore, in
practice, coPM is still very seldomly adopted (Thiede et al, 2018) despite the widespread
execution of cross-organizational business processes and high interest among organizations
(Reinkemeyer, 2022; Rott and Bohm, 2022a).

Therefore, we aim to unravel the neglected areas of past coPM research and broaden the
future research scope toward the inclusion of socio-technical aspects. With their focus on
socio-technical phenomena, we strongly believe that BPM and IS research can provide
important suggestions for research and practice, easing coPM adoption and advancing socio-
technical coPM research.

3. Research approach

3.1 Design of the literature review including I'T-enabled inter-orgamizational coovdination as
the theoretical foundation

According to Leidner (2018) and in line with recommendations by Rowe (2014), we conduct an
assessing literature review to systematically synthesize the current state of knowledge,
including challenges and enablers of coPM and with the focus on identifying trends and
research gaps. The goal is to derive a research agenda for coPM, emphasizing the socio-
technical relevance for the BPM and IS community, and guide practitioners conducting coPM,
thereby fostering its practical implementation. An assessing literature review requires an
existing framework or theory (Leidner, 2018). Hence, we searched for socio-technical cross-
organizational theories via Scopus using the following search term (“collaboration” OR
“inter-organizational” OR “cross-organizational”) and (“theory” or “framework”). Examining
different theories resulted in the selection of the framework for IOC (Bensaou and
Venkatraman, 1996). We chose it because it builds upon well-established and empirically
validated theories (Organization theory, Transaction cost economics and Political economy).
Furthermore, it allowed us to position coPM as part of a larger and long-lasting relationship
between the organizations. This, we believe, is crucial, as the effort required for coPM would
not make sense in a short- or one-time collaboration. Finally, it covers aspects of coPM that
relate to the technology (e.g. algorithms for coPM) and to non-technical issues (e.g. goal
compatibility of the organizations), thereby emphasizing the importance of the socio-
technical cross-organizational context in which PM is applied.

Building upon established theories and the information processing view, the 10C
framework by Bensaou and Venkatraman (1996) assists with understanding IT-enabled
inter-organizational relationships (see Figure 2). On the one hand, it distinguishes between
three types of uncertainty (environmental, partnership and task uncertainty) that determine
the need for the participating organizations to process information within their relationship.
On the other hand, it describes three coordination mechanisms (structural, process and IT-
mediated mechanisms) that define the organizations’ capability to process information.
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Figure 2.
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Overall, the “fit” between the information processing needs and the information processing
capabilities determines the inter-organizational relationship performance. Hence, the
performance is hampered, when high uncertainty cannot be handled with sufficient
coordination mechanisms, but also, when low uncertainty is encountered with great amounts
of coordination mechanisms, resulting in a scenario where resources are wasted. To answer
our research question, we focus on inter-organizational relationships enabled or supported
through the application of coPM. Hence, we consider techniques for coPM (see Section 4.2.5.)
as IT-enabled mechanisms (Bensaou and Venkatraman, 1996). In the following, we will
briefly describe each uncertainty source and coordination mechanism, as this framework lays
the theoretical foundation for summarizing the current state of the literature on coPM and
building a coPM research framework and research agenda.

Environmental uncertainty: Environmental uncertainty covers the overall conditions of
the market (e.g. influenced by governmental regulations) and the intra-organizational
environment (e.g. educational background of employees (Duncan, 1972)) that influence an
inter-organizational relationship. Specifically, it refers to aspects that cover whether the
environmental conditions of the participating organizations are homogeneous or
heterogeneous and whether they change over time or remain stable.

Partnership uncertainty: Partnership uncertainty refers to the expected uncertainty
between the partners. It encompasses the following three aspects: First, the compatibility of
each partner’s goals, promoting or hampering a long-term relationship. Second, the presence
of trust, influencing the need to monitor each other’s actions. Third, any form of power
dependence, influencing the uncertainty of opportunistic behavior by the non-dependent
partner and limiting the action space for the dependent partner.

Task uncertainty: The most specific uncertainty refers to the task level and, according
to organization theory, is grounded in three characteristics: Task analyzability, referring
to a specification of task execution; task variety, summarizing unforeseen effects that
require an adjustment in task performance; and task interdependence, stating the
relationship and dependence between executed tasks, for example, sequential, parallel or
reciprocal.

Structural mechanisms: Structural mechanisms assign authority and roles within the
inter-organizational relationship and are characterized by five attributes (the adjective in
brackets states which peculiarity leads to higher information processing capabilities): level of
formalization (low), intensity (high), multiplicity (high), asymmetry (low) and boundary
interpenetration (high).



Process mechanisms: Process mechanisms describe the socio-political atmosphere
surrounding the structural mechanisms and “range along a cooperative-conflictual
continuum” (Bensaou and Venkatraman, 1996). They influence how liberally information
is shared within the relationship and are determined by the dimensions of conflict,
cooperation and commitment.

IT-mediated mechanisms (coPM): They cover how IT is used to support an inter-
organizational relationship. According to Bensaou and Venkatraman (1996), four dimensions
can be used to characterize IT-mediated mechanisms (the adjective in brackets states which
peculiarity leads to higher information processing capabilities): level of intensity of use (high),
asymmetry (low), integration (high) and scope (large). For the rest of the article, IT-mediated
mechanisms are focused on the technology of PM and its application in a cross-organizational
context.

3.2 Literature search and selection
Throughout the systematic literature-search process, which is guided by Vom Brocke et al.
(2009) and Webster and Watson (2002), we used the following search term:

(“process mining” OR “workflow mining”) AND (“cross-organization”* OR “inter-organization”* OR
“cross-firm” OR “inter-firm” OR “across organization”* OR “interorganizational” OR
“crossorganizational” OR “supply chain” OR “federated”)

We iterated multiple times until this term was formed. Originally and in line with suggestions
of Vom Brocke et al (2009), we searched broadly and included the terms “Process
orchestration,” “Process Management” and “Workflow management.” This assisted us with
identifying the right terminology, leading to the inclusion of different styles of writing certain
terms (e.g. “inter-ovganizational,” “interovganizational” and “inter-ovganization”). However,
it also resulted in the majority of articles covering aspects not related to PM. Furthermore, we
decided to include the term “federated,” which was recently introduced by Van Der Aalst
(2021) and the term “supply chain” since we found several articles mentioning PM in supply
chains, thereby referring to coPM without explicitly stating it. We applied our search term in
a database search including the following popular databases: ACM (Association for
Computing Machinery) Digital Library, AlSeL (Association for IS eLibrary), DBLP (Database
Systems and Logic Programming) Computer Science (CS) Bibliography, IEEE Xplore,
Scopus, SpringerLink and WoS (Web of Science). Together, these databases cover various
relevant outlets for our topic. On the one hand, several conferences and journals on PM and
BPM are included (e.g. international conference on PM and BPM journal). On the other hand,
several outlets with a strong focus on technological and engineering aspects of coPM are
covered (e.g. IEEE Access and Lecture Notes in CS). Finally, the database search covers IS
journals (e.g. the recommended journals of the AIS special interest group on decision support
and analytics (Association for Information Systems, 2023) and the leading IS journals,
indicated through the AIS Senior Scholars’ List of Premier Journals (Association for
Information Systems, 2023)) and IS conferences. This, we believe is important, as it is at the
core of the IS discipline to investigate IT-enabled socio-technical phenomena, and in our case,
cross-organizational collaboration through process mining.

Using our search term led to 2,421 unique hits (see Figure 3). We read the abstract of every
article and in case of doubt, the full article, and selected 51 publications by applying our
inclusion and exclusion criteria. We selected articles where PM was applied or discussed
(mandatory inclusion criteria). To be included, the article further needed to cover a process
mining use case with event-log data (real or artificial) from at least two distinct organizations,
develop a new technique, enabling coPM analysis or data pre-processing for coPM or cover
socio-technical aspects of coPM. Hence, we excluded articles where cross-organizational
business processes were analyzed without PM techniques or without event-log data and
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Figure 3.
Framework for inter-
organizational
coordination adapted
from Bensaou and
Venkatraman (1996)
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articles that developed or applied PM techniques on intra-organizational processes or solely
with data from a single organization. By recursively searching back and forth (Webster and
Watson, 2002) with the help of Google Scholar, 15 additional publications in line with our
inclusion and exclusion criteria were added to the selection, resulting in a set of 66 articles for
the literature review (see Table 1). In addition to the search and selection of scientific articles,
we looked for practitioner-oriented resources (e.g. blogs on PM or white papers from vendors
and consultancies) using Google, and searched with the terms “cross-organizational process
mining,” “inter-organizational process mining” and “process mining across organizations.”
This, however, did not reveal additional articles matching our inclusion and exclusion
criteria. Instead, most of the search results were either links to the scientific articles already
identified within our database search, or only mentioned coPM as an interesting future topic.

Overall, all articles are spread over 47 different outlets, while only two outlets provide
more than three articles for our literature analysis (International Conference on BPM: seven;
International Carnahan Conference on Security Technology: four). Despite that, no dominant
outlet exists (the outlet of each selected article can be found in Appendix 2). In addition, the
topic was more prevalent in various specialized conferences with a narrow focus on certain
domains or technological aspects (e.g. International Conference on Information Technology in
Bio- and Medical Informatics, and Studies in Health Technology and Informatics), than in
general IS and CS journals or conferences. Hence, our literature review has the potential to
link the dispersed coPM literature to the BPM and IS domain, trigger research interest among
BPM and IS scholars, and provide a structured and conceptual background for future
research. As we will elaborate on within the next sections, this is desperately needed. CoPM
was mentioned 20 years ago for the first time (Maruster ef al, 2003), stated as one of the main
challenges of PM in 2012 (Van Der Aalst et al., 2012) and 2017 (R'bigui and Cho, 2017), and still
remains unsolved in practice. This, however, is the case despite technological advances that
have been achieved, for example, regarding algorithms for preserving privacy and concepts
for cross-organizational data pre-processing and integration (Jacobi ef al.,, 2020). Hence, we
strongly believe that the root causes for little coPM adoption need to be explained and laid out
adopting a socio-technical perspective, thereby providing a unique possibility for the BPM
and IS domain to trigger research on various aspects of coPM and provide assistance for
researchers and practitioners.
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Sum Number of selected
Source(s): Table by authors articles per outlet
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3.3 Analysis of the identified articles

We built three concept matrices (Webster and Watson, 2002) with a different focus. In the first
one (see Appendix 2), each identified article is conceptualized according to the constructs of the
10C framework (Bensaou and Venkatraman, 1996), whereby multiple categories can be
assigned to one article. Appendix 2 shows the definitions we have followed to assign a category
toanarticle. This built the foundation for summarizing the current knowledge of coPM in terms
of the constructs of the IOC framework. Due to the large number of articles focusing on IT-
mediated mechanisms, we further built a concept matrix according to the refined PM
framework (Van Der Aalst, 2016) as the basis for summarizing the current state of the literature
on coPM techniques and pointing out under-investigated areas (see Table 3). In addition, the
structure of the third concept matrix (see Table 2) focuses on the type of coPM (collaboration or
exploiting commonality), the data and the processes used for evaluation purposes.

For an in-depth analysis of the article information regarding challenges and enablers of
coPM, we further performed an open line-by-line coding of each article to reveal first-order
concepts based on direct quotes from the original article (Gioia ef al, 2013) using Microsoft
Excel. By following an abductive approach (Gioia et al,, 2013) using “challenge” and “enabler”
as selective codes, we identified 248 relevant first-order concepts relating to challenges and
185 first-order concepts relating to enablers. Subsequently, we grouped the first-order
concepts into second-order themes, which resulted in 18 challenges and 9 enablers. For
example, the first-order concepts “comparability can be questioned,” “determine comparability
between organizations,” and “challenge of ensuring population comparability” are summarized
into the challenge “Ensure comparability and semantic alignment.” Following the idea of Gioia
et al. (2013), we further grouped the 18 challenges into 6 categories and the 9 enablers into 3
categories to increase the understandability for the reader. An example, representative of the
general procedure, can be found in Appendix 3. The open line-by-line coding was performed
by the first author. To mitigate bias, all challenges and enablers were subsequently discussed
between the first two authors until an agreement was reached on how to define each. In
addition, as represented through the high number of direct quotes in Section 4.3 and Section
44, each challenge and enabler was defined closely to the original source text fragments to
ensure that the author’s own background does not bias the results. Finally, we screened all
first-order concepts on enablers and challenges to identify relationships between them. We
draw a relation between a challenger and an enabler only in case of a direct representation in
the source text, for example, the quote, “Anonymisation of patient records was applied at the
extraction level in order to preserve privacy.” Partington ef al. (2015), represented through the
first-order concept “Anonymization for privacy ensurance,” relates to both the challenge
“Ensure data privacy” and the enabler “Pre-process data (Anonymization).” In the same way,
the first-order concept “Replace sensitive information by ciphering or hashing,” originating
from the text fragment “software agents can replace sensitive information in observation by
ciphering it or using hash functions” (Talamo ef al., 2013a), is part of the enabler “Pre-process
data” and relates to the challenge “Implement data security.” By doing so, we identified 48
concepts that form 17 relations between the identified challenges and enablers.

For building our research agenda, we combined gap-spotting and problematization
strategies (Alvesson and Sandberg, 2013). First, building upon the current state of literature,
we identified the areas of coPM that, according to the elements of the IOC framework, have
not been investigated so far. Subsequently, we critically questioned the literature gaps by
screening the founding papers of the IOC framework and identifying research questions that
need to be addressed. Third, we problematized existing work on coPM by challenging some of
the underlying assumptions (e.g. coPM always requires privacy preservation). Fourth, we
reviewed theories applied in the IS discipline (see https:/is.theorizeit.org/wiki/Main_Page for
an overview) to identify those (see Section 5.3) that provide a theoretical foundation and
perspective for our research question and, thus, can potentially be advanced by investigating
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Figure 4.

Number of coPM
articles for each
construct of the I0OC
framework (Bensaou
and

Venkatraman, 1996)

coPM. Finally, we constructed the coPM research framework by logically ordering the
research areas to come up with a four-step guide that assists researchers in developing and
evaluating a coordination mechanism that handles specified uncertainty sources and
influences the performance of coPM.

4. Results

Within this Section, we describe the results of our literature review. We split the results into
four different sub-sections that are largely independent from each other. First, we summarize
the data and the processes that were investigated. Second, we synthesize the content of the
articles following the structure of the IOC framework in general, and the structure of the
refined PM framework for the coPM techniques in specific. Third, we unravel the challenges
of coPM. Fourth, we describe enablers for the application of coPM.

4.1 Concept matrix — data and process evaluated

Table 2 presents the processes under analysis for each article that evaluated their approach
using real or artificial data, including the corresponding data. Real data originate mainly from
hospitals, municipalities and manufacturing firms. Also, artificial data are regularly used.
However, almost all articles lack a clear description of how the authors and companies
retrieved the real data. Only one article, Aksu ef al (2016) described the data collection phase
and problems of a cross-organizational nature. As we know from the literature body on
information sharing in supply chains, this presents a challenge in practice, as firms may not
be willing to share their event-log data.

Furthermore, many articles describe coPM from a conceptual point of view without using
actual data. In addition, the academic PM tool ProM is the one primarily used as a data
analysis tool, while, in contrast, industrial PM software is only used in three publications:
Fluxicon Disco in Canjels et al. (2019), Fluxicon Disco in Tajima et al. (2023) and Celonis in Van
Der Aalst (2021). Hence, we can observe a slight disconnect between the tools applied in coPM
research and the ones applied in practice. Also, the analyzed processes most probably do not
reflect the current state of coPM in practice as case studies with organizations are rare,
indicating a possible difference between coPM as reflected through the literature and current
practices of coPM applications in organizations.

4.2 Inter-orgamizational coordination through cross-orgamizational process mining

The results are described following the structure of the I0C framework (Bensaou and
Venkatraman, 1996), applying PM across organizational boundaries (see Appendix 2 for a list
of the articles that describe information for parts of the I0C framework). Overall (see
Figure 4), most papers (51) focus on IT-mediated mechanisms (coPM techniques). Structural

Uncertainty sources Coordination mechanisms

Structural
mechanisms

Environmental
uncertainty

Information Fit Information
processing processing

needs capabilities

Performance m

Process
mechanisms

Partnership
uncertainty

Task
uncertainty

IT-mediated

mechanisms (coPM

techniques according to the

refined PM framework (van
der Aalst, 2016))

Source(s): Figure by authors



mechanisms of coPM are covered in eight articles, whereas no article investigates process
mechanisms. Looking at the uncertainty sources that determine information processing
needs, we observe an almost even distribution of articles describing environmental (three),
partnership (three) and task uncertainty sources (two). Two articles describe the impact of
coPM on the performance of the inter-organizational relationship. In addition, nine articles
reveal insights and thereby increase performance transparency. Hence, we can observe that
mechanisms for handling information processing needs are covered more extensively than
uncertainty sources determining information processing needs. This leads us to a first
indicative conclusion: If we have focused our effort on structural mechanisms without
knowing which uncertainty sources we have to handle, how can we ensure that our structural
mechanisms assist with handling uncertainty? In the same way, as no article investigated the
fit between one or multiple coordination mechanisms and their corresponding uncertainty
sources, how do we ensure that we don’t promote a misfit, for example, developing and
recommending resource-intensive coordination mechanisms for coPM applications with low
uncertainty (e.g. in a very open cross-organizational collaboration). We will elaborate more on
these questions during the discussion (Section 5) and the future research section (Section 5.3).
4.2.1 Environmental uncertainty. Environmental uncertainty covers whether the
organizations’ conditions are homogeneous or heterogeneous and whether they remain
stable or change over time (Bensaou and Venkatraman, 1996). As pointed out by Jacobi et al.
(2020), supply chains increasingly face a dynamic and constantly evolving environment, for
example, caused by more product variants and smaller order sizes. Hence, a higher uncertainty
needs to be handled in coPM applications for supply chains. Wang et al (2018), in addition,
emphasize the relevance of international governmental regulations, when coPM is applied to
early identify non-conformant behavior. Focusing on coPM to exploit commonalities, Aksu
et al. (2016) developed a framework for accurately comparing inter-organizational business
processes. Next to handling different business semantics (e.g. the activity “Evaluate a service
request” may involve different steps in different organizations) and metric semantics (e.g. the
throughput time of a service request process may be calculated by comparing the timestamp of
the process start and the activity “Close” in one organization and the process start and the
activity “Solve” in the other organization), the organizational context needs to be considered. It
is determined by organization-internal factors, such as size (e.g. the number of workers) and
environmental factors: locations and industry in which an organization operates and
corresponding laws, regulations and geographical circumstances. These sources of
environmental uncertainty are represented in the framework of Aksu et al (2016) to ensure
comparability when evaluating and contrasting the performance of multiple organizations.
4.2.2 Partnership uncertainty. Partnership uncertainty results from goal compatibility, trust
and power dependence (Bensaou and Venkatraman, 1996). Looking at mechanisms for
distributing the value between organizations of coPM, trust influences whether the organizations
need to monitor the created value of each other or if they rely on the reported numbers before
redistributing any form of value (Rott and Bohm, 2022b). If the organizations negotiate over
value distribution shares, their power influences the outcome (Rott and Bohm, 2022b). Goal
compatibility is mentioned by Ho et al (2009) and Jacobi et al (2020): In a global organizational
network, contrasting goals may exist that hamper business process optimization (e.g. a supplier
may want to increase its margin by improving process efficiency, while the manufacturer wants
to use increased process efficiency to reduce the product price in order to boost product sales).
4.2.3 Task uncertainty. Three types of task uncertainty exist: task analyzability, task
variety and task interdependence (Bensaou and Venkatraman, 1996). Partington et al. (2015)
compare the patient-handling process of four Australian hospitals. Task variety and task
analyzability are present, as the process is not fully automated and various paths for patient
handling are possible. Which task needs to be executed is determined by patient-related
factors (e.g. overall health conditions and previous treatments) and thus individually for each
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person. Therefore, task variety and analyzability need to be handled when multiple
companies want to exploit commonalities using coPM. In contrast, task interdependence is
especially relevant in collaborative scenarios. Engel ef al (2012) present a solution to pre-
process EDIFACT messages (a standard for inter-organizational message exchange) to
enable coPM. In this case, a product needs to be sent from the supplier to the manufacturer
before it can be received (sequential task interdependence). If messages are exchanged, the
supplier first issues a “product send” message, which is received by the supplier. Second, after
receiving the product, the manufacturer issues a “product received” message, which is sent to
and received by the supplier. Hence, the message exchange tasks are reciprocally
interdependent. Process analysts need to be aware of task interdependence when
evaluating the performance of a collaborative cross-organizational process; for example,
when the throughput time of task B, executed by organization B, depends on the successful
execution of task A, conducted by organization A.

4.2.4 Structural mechanisms. Structural mechanisms assign authority and roles within
coPM (Bensaou and Venkatraman, 1996). Five kinds of them can be found in the coPM literature:
methodologies for conducting coPM (Canjels ef al, 2019; Helm and Kiing, 2016; Ho et al., 2009,
Maruster et al, 2003), definitions of comparison metrics (Buijs ef al, 2012b) and collaboration
metrics (Kim ef al, 2020), mechanisms for value distribution (Rott and Bohm, 2022b), and a
language for formalizing business process compliance (Gonzalez and Delgado, 2021).

Rott and Bohm (2022b) built upon a systematic literature review to identify mechanisms
that can be applied to (re)distribute the value of coPM between the participating organizations
and thereby handle partnership uncertainty. This may be necessary, as, for example, two
organizations collectively analyze the process, while only one party is able to capture value
from process improvement. Three types of metrics for comparing variants of the same
business process are introduced by Buijs ef al (2012b): process model quality metrics; for
example, soundness or complexity; performance indicators, such as the average execution
time per case; and comparison metrics — for instance, precision. Collaborative performance
metrics are presented for four dimensions by Kim et al. (2020) following the balanced scorecard
methodology: finance (e.g. collaborative costs reduced), partnership (e.g. new partners
acquired), collaboration process (e.g. number of schedule changes) and coevolution
(e.g. collaboration satisfaction). Gonzdlez and Delgado (2021) present the compliance
requirements modeling language that assists organizations in formulating compliance
requirements that should be fulfilled in an inter-organizational process. Five dimensions can
be distinguished: control-flow (e.g. one task needs to be executed before another), interaction
(e.g. a message must be exchanged during the process), time (e.g. a task needs to be completed
within a certain time), resources (e.g. a specific organizational unit needs to pursue a certain
task) and data (e.g. a data object must be issued after performing a task).

Furthermore, four models for executing coPM projects are presented in the literature:

(1) Extended L* lifecycle model: Helm and Kiing (2016) extend the L* lifecycle model for
PM projects introduced in Van Der Aalst (2011c), which consists of five steps:[1] plan
and justify, [2] extract, [3] create a control-flow model and connect the event log, [4]
create an integrated process model and [5] operational support. To handle cross-
organizational business processes, Helm and Kiing (2016) suggest adding a compare
and align step to the extract phase of every participating organization and
continuously using the results from steps three and four to interpret, redesign, adjust
and intervene the cross-organizational process.

(2) Local and global PM cycle: Ho et al. (2009), in contrast, present a cycle-based model for
coPM of manufacturing networks consisting of a local cycle, executed for each party,
and a global cycle, executed for the overall process. The local cycle comprises four steps:



measure the current situation, predict potential quality defects, identify measures for
correction and implement changes. After each organization has executed the local cycle,
the global cycle is implemented, consisting of (1) collecting the process logs, (2) filtering
and pre-processing the data, (3) performing a trade-off analysis of different local
measures to ensure a global optimization and (4) implementing the changes.

(B)  Three-step methodology for healthcare processes: Canjels et al. (2019) introduce a three-
step approach for healthcare scenarios. First, in the advanced data preparation phase,
multiple steps are performed to ensure sufficient data quality for the subsequent
steps: “(1) filter relevant diagnosis, (2) merge data, (3) exclude irrelevant activities, (4)
cluster activities and (5) exclude patients with incomplete processes” (Canjels et al,
2019). Second, clustering algorithms are applied to identify groups of patients with
similar care activities. Third, the processes are analyzed and visualized together with
subject matter experts.

@) Task registration-based methodology for supply chain processes: Maruster et al. (2003)
suggest an approach for analyzing supply chain processes that starts with each
partner implementing a task registration system. During the implementation, the
organizations need to agree on certain parameters that later enable matching the
subprocesses. Subsequently, the logs from the task registration systems are
processed with PM algorithms to discover a process model, which is finally
analyzed to optimize the supply chain.

Comparing the different approaches, we observe that all include a step for data
pre-processing. However, while Maruster et al (2003) require the parties to track their
process with an additional task registration system, the others build upon existing data that
are pre-processed and integrated. Furthermore, we observe that the analysis phase is less
extensively covered in the articles than the steps for data preparation, indicating a lack of
research on how to properly analyze cross-organizational processes to gain value from coPM
adoption. Furthermore, Ho et al. (2009) and Helm and Kiing (2016) include a step for changing
the process, which is not part of the methodologies of Maruster ef al (2003) and Canjels
et al (2019).

4.2.5 I'T-mediated mechanisms (coPM techniques). Due to the large number of articles
focusing on IT-mediated mechanisms, we built a concept matrix (see Table 3) following the
structure of the refined PM framework (Van Der Aalst, 2016) and briefly summarized the
articles according to the main PM activities [1] (see Section 2.2): Cartography (models
describing organizational processes), Auditing (comparison of process behavior) and
Navigation (forward-looking PM activities). This involves all articles that focused on
developing a new technique for coPM or presented an overall technical architecture. Also, we
summarize 14 articles that focused on data pre-processing as a prerequisite of coPM and a
possible way to apply standard PM techniques and 7 articles leveraging blockchain
technology for coPM. Interested readers are encouraged to read the original articles for
detailed information on each technique.

Overall, most articles (33) focused on analyzing post-mortem event data (data of completed
cases) and building de facto process models (descriptive models), while pre-mortem event
data (data of non-completed cases) and de jure models (normative process models) are
leveraged in a minority of articles. Looking at the PM activities, the majority of articles (35)
focused on cartography, while 13 articles developed or applied approaches for auditing and 7
for navigation purposes.

4.25.1 Data pre-processing. Pre-processing an event log may be needed, for example,
because the available data is stored in a form that does not allow the direct application of PM
algorithms:

Business Process
Management
Journal

161




(panunuoo)

ST R B R N Sl SE ol oo Ra Rl e

[olet
o
ke

X

X
X X

X X X

[T B B B B e e R Rl i i

X
X

R X)X

SRR R Rl i

RO M) X} X

X

P

(egg0g) 12 92 nr]
(6102) v 12 nr]
(0202) nr1

(0102) 1

(0207) 77 2 LreySure|
(F10g) 7 4o nyyery|
(0202) v 72 Wy
(T202) 1 12 weyy|
(T202)

QTAOXN'T PUE JTAONA]
(6002) 7v 42 OH
(1200) 17 92
N%E@mo%.N@UQNG.@E

(90502)
7 12 AWNO[3]

(80202)

70 2 Awmoy|[y

(9107) 77 12 1°3uy
(0202)

OBJ, pPUB Jex03(]
(99102) 72 12 OPPLA
(e9107) 72 42 OPPPLA
(202) 77 72 TUIpELI0)
(€102) 1?12 slng
(#102)

S0y pue sfing
(8102) 1 72 pIeuldg
(7107) 7v 12 1pTEUISg
(9107) 72 12 NSAY

puowioddy  Ipalg aJo[dxy ejowold oredwio) NIAY) 1099  eoUBYUF  IDA0ISK]

UuoneSIABN Sunipny Aydeisoyre)
SONIALRY

0e} 2l

°d °d
[opOw $89001J

W9LI0W
180q

WIOW
-1g
BJBp JUSAF]

APy

BPMJ
30,8
162

according to the refined
PM framework (van
der Aalst, 2016)

Table 3.
Concept matrix
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@

@

Extract events from EDIFACT messages: Engel et al. (2011, 2012, 2013a, and 2016)
provide a solution to convert EDIFACT messages, a standard for electronic data
interchange in an inter-organizational system, to an event log. Two variants are
presented: Message Flow Mining, referring to using exchanged messages as an
activity (e.g. an order message corresponds to the activity “Send order”), and Physical
Activity Mining, which uses information within exchanged messages to infer an
activity (e.g. a shipping date indicating an event “Good shipped”).

Use RFID-based EPC events: Gerke et al. (2009a, b), in contrast, transform RFID (radio-
frequency identification) data to event logs. This is achieved by building upon the
Electronic Product Code (EPC) standard events, which include, among others, activity
names and timestamps. To complete an event log, case identifiers are derived by
looking at the EPC events and extracting information from aggregation activities (e.g.
one part is built into a product or multiple products are packaged into a box for
shipping) and transformation activities (e.g. a material is refined). This information is
stored within a dependency graph that can be used to extract an event log
representing the flow of a product throughout the whole supply chain.

Next to constructing events from different sources, pre-processing an event log may be
required to hide sensitive information:

@

@

Only share event-log metadata: Elkoumy et al. (2020a, b) handle privacy issues by
encrypting the event log. In their tool Shareprom, the parties share metadata of the
event log with each other (e.g. the number of unique activities and the maximum
number of events per case) and upload the event log to a secure platform. During pre-
processing, all cases are adapted to the same number of activities before an overall
event log is created. By doing so, organizations can not infer detailed information
about the partners’ processes.

Encrypt the event log and define data spaces: Lamghari et al. (2020) encrypt the event
log and distinguish between forbidden (only accessible by a few authorized people),
internal (event logs can be used without decryption) and external (event logs are
decrypted) data spaces. Hence, only parts of the process, including corresponding
analysis results (e.g. a process model), are generally visible to each organization.

Furthermore, pre-processing may be necessary in case the event log is distributed over
multiple entities:

@

@

Use merging rules: If the event-log data is split between the business partners, it will
be necessary to merge it on a structured level to create a holistic event-log. In Claes
and Poels (2014), this is achieved as follows. First, rules for merging the event log (e.g.
a case ID in one event log is stored as an attribute in the partners’ event log) are
defined either manually or building upon the presented rule suggestion algorithm.
Second, the merging rules are applied to identify links between the event logs, which
form the basis for the merging procedure.

Calculate correlations between event logs: Hernandez-Resendiz ef al. (2021) present an
approach for merging event logs that involves searching for correlations between the
different event logs. For this purpose, bags-of-words (“a vector of words that
represents each case”) are created for each process instance. Subsequently,
correlations are calculated based on the cosine similarity (a measure for
determining whether two vectors point in the same direction) first, on the case level,
and second, on the activity level before an overall process model can be discovered.



(B) Merge event log abstractions: In his article on federated process mining, Van Der Aalst
(2021) distinguishes two ways for coPM, both building upon an object-centric event
log (one event can relate to multiple cases, so-called object types). If the organizations
are willing to share their event log data, a mapping needs to be defined between the
event logs of all organizations before they can be merged. Otherwise, abstractions
that make aggregated statements about the process (e.g. a process model represented
through a directly follows graph) can be shared without revealing any details of the
underlying event log.

4) Identify common cases for distributed event logs: Tajima et al (2023) present a
procedure to determine cases from different organizations that, in reality, belong to
the same case. First, the event logs of two organizations are merged. Second, related
case IDs are identified based on analyzing adjacent activities of the two organizations
occurring within a defined time period. Third, additional activity connections are
found by looking at the combined trace of the previously determined related case IDs.
Steps two and three are repeated for the remaining data (all cases and activities that
have so far not been determined as belonging together) until no more relations are
identified.

() Identify semantic mismatches: Azzini and Ceravolo (2013) provide an approach to
integrate cross-organizational event log data using Big Data techniques. First, the
organizations need to agree on a common model before the data of each organization
is semantically lifted to be represented in terms of the common model. As the
semantic lifting procedure is carried out individually at each organization, semantic
mismatches between the organizations’ data can occur, which need to be taken into
account when analyzing the data.

4.2.5.2 Cartography — discovery and enhance. 4.2.5.2.1 . Discovery. Process model discovery
is one of the fundamental techniques of PM. In a cross-organizational context, different kinds
of PM model discovery can be distinguished. Focusing on coPM for exploiting commonalities,
the following techniques assist with discovering similar (parts of the) processes as a basis for
further analysis:

1) Mining configurable process models for exploiting commonalities: Buijs et al. (2013) and
Van Der Aalst (2011a) present different approaches for mining configurable process
models that can represent multiple process variants, thereby assisting in determining
commonalities and differences between them. Either individually discovered models
are merged, a process model is discovered and configurations added, or the process
model and its configurations are discovered simultaneously. A configured process
model representing a specific variant can be created by restricting the behavior of a
configurable process model.

(2) Extract morphological fragments from event logs: Pourmasoumi et al. (2017) developed
an algorithm that takes the event logs of multiple firms as input and discovers parts of
the process that resemble the same operational procedure, so-called morphological
fragments. By doing so, organizations can, for example, compare their own fragment
with each other in terms of execution time or steps and resources involved.

(3) Discover business rules: Bernardi et al. (2014, 2018) present an architecture for coPM
including the usage of the Online Declare Miner. With their solution, business rules
that describe process behavior through a set of rules that need to be fulfilled can be
discovered. By doing so, process variants within the recorded event logs can be
identified as a basis for cross-organizational comparison.
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In the case of collaborative coPM, the construction of a cross-organizational process model can
be achieved in various ways, while it needs to be differentiated between a collaborative
process model, emphasizing the interactions between the engaged parties (e.g. task
interdependency), and a global process model, focusing on displaying the overall cross-
organizational business process:

@

@

®)

“)

©)

©)

@)

Mine coordination patterns: Zeng et al. (2013) present an approach for mining four
kinds of coordination patterns between two organizations executing cross-
organizational business processes together: coordination with synchronized
activities (an activity simultaneously involves both organizations), coordination
with messages exchanged between the organizations, coordination with shared
resources (coordination required as a resource cannot be used in two processes
simultaneously) and coordination with abstract procedures (bundle activities to hide
details). The cross-organizational process model is discovered by mining the model
for each organization and integrating it using the coordination patterns.

Analyze message exchange for collaborative process model: Corradini ef al. (2022) also
leverage the information of messages exchanged between the organizations. They
present the Colliery technique for discovering a collaborative process model based on
individually discovered process models, which are enriched by the messages
exchanged between the parties.

Create a cooperative process model: Liu et al. (2019) present an approach that first
distinguishes between a private process model of an organization, including all
activities, and a public fragment of this process model, involving all interactive
events, which is transferred to a trusted instance. Second, a trusted third party builds
a cross-organizational process model building upon the public fragments of each
organization. Lastly, each organization retrieves all public process fragments related
to their operations and constructs a cross-organizational process model by combining
the public fragments with their private process model.

Use collaboration patterns to discover a cross-department collaborative healthcare
process model: Liu et al. (2023b) develop a technique that starts with processing the
data from each involved medical department and discovering an intra-department
process model. Subsequently, collaboration patterns (message exchange, resource
sharing and task synchronization) are mined and finally combined with all intra-
department models into a collaborative process model.

Discover hierarchical business processes: Liu (2020) and Liu ef al (2023a) define
hierarchical Petri nets as the basis for presenting a novel algorithm that discovers
hierarchical business processes (processes with subprocesses, e.g., in outsourcing
scenarios). Toward this end, nesting relations are detected, before a hierarchical event
log is constructed based on the event log and the previously identified nesting
relations as the basis for discovering a hierarchical process model.

Top-down PM based on running event logs: Zeng et al (2020) build upon a workflow
system that constantly stores running event logs. Their approach distinguishes between
a top-down algorithm, mining a top-level model that hides certain details and a bottom-
level algorithm, detailing abstract procedures from the top-down process model. Both
are integrated based on Petri net refinement operations to construct the overall model.

Build a privacy-preserving DFG: Elkoumy et al. (2020a, b) present a new algorithm for
building a process model as a directly follows graph (DFG) that builds upon the
privacy-preserving pre-processed data (see Section 4.2.5 on data pre-processing).



®) Apply federated learning principles to mine a privacy-preserving global process model:
Khan et al. (2021) develop an algorithm based on the Heuristic mining algorithm that
doesn’t require organizations to share their event log. Instead, a trusted server
initializes the mining process and aggregates results from the participating
organizations, while only the global process model is shared with all participants.

9) Use abstractions for privacy-aware federated process mining: Within the approach of
Rafiei and Van Der Aalst (2023), abstractions of the actual event logs (e.g. directly
follows and handover relations) are shared. These are subsequently merged before a
cross-organizational process model can be discovered.

In addition to the previously described “new” techniques for the discovery of cross-
organizational business processes, Sun ef al. (2011) embed the discovery of a process model in
their approach to optimize an inter-organizational workflow execution. Toward this end, a
framework with four steps is introduced. First, event logs of the workflow execution are
recorded. Second, a centralized workflow model is discovered, allowing for temporal analysis
of the workflow. Third, the centralized workflow model is analyzed to determine the
minimum time and number of servers for workflow execution. Fourth, the workflow is
fragmented and distributed based on the previous analysis to increase the efficiency
regarding execution time and server utilization.

The previous articles focused on mining a process model in the control-flow perspective,
thereby focusing on the order of activities happening within the inter-organizational business
process or the time perspective covering the timing and frequency of the events. In addition,
two articles focused on the organizational perspective (the resources performing the
activities) (Van Der Aalst, 2016):

(1) Mine an organizational model: Deokar and Tao (2020) present the organizational
mining framework OrgMiner including a new algorithm that takes event logs and
resources executing the activities as input and discovers a (cross-organizational)
organizational model. To achieve this, the algorithms use behavioral patterns that
describe the relation between two activities, including the number of activities
happening between them, as the basis for discovering an organigram.

@) Discover a virtual organization’s structure: To discover the structure of a virtual
organization, Li (2010) presents an approach that also requires the representation of
resources executing the activities within the event log. Six types of relations between
resources are introduced that, together with five rules for modeling the virtual
organization, automatically discover an organizational model.

Overall, various discovery algorithms are applied or developed for coPM (see Table 4). Due to
the long history of coPM articles, we find early PM algorithms (e.g. Alpha Miner) that were
mainly developed to indicate the potentials of PM and for didactical purposes and more
mature PM algorithms (e.g. Split Miner) that were later developed to overcome some of the
limitations of the first algorithms (Augusto et al., 2019b). We refer the reader to the referenced
articles and the original publication for in-depth information.

4.2.5.2.2 . Collaborative enhancement. To enhance coPM analysis with key performance
indicators (KPIs), Engel ef al (2016) and Krathu ef al. (2014) describe a framework that assists
organizations with defining KPIs building upon information from event logs and process
models. These KPIs can be aligned with top-down objectives using the balanced scorecard
methodology (an approach for measuring an organization’s performance regarding their
strategic goals) and subsequently monitored to track inter-organizational relationship
performance. Also, Kim ef al (2020) build upon the balanced scorecard methodology (see
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Table 4.

Overview of discovery
algorithms applied in
or developed for coPM

Developed
Algorithm for coPM Referenced in Original article(s)
Heuristic mining - Engel et al. (2012, 2016), Weijters and Van Der
Krathu et al (2014), Mans Aalst (2001), Weijters et al.
et al. (2008), Maruster et al. (2006), Weijters and Van
(2003), Partington ef al. (2015),  der Aalst (2003)
Rozsnyali et al (2012), Suriadi
et al. (2014)
Fuzzy mining - Partington ef al. (2015), Glinther and Van der
Suriadi ef al. (2014) Aalst (2007)
Algorithm for merging rule X Claes and Poels (2014) Claes and Poels (2014)
suggestions
Online Declare miner - Bernardi ef al. (2014) Maggi et al. (2013)
Evolutionary Tree Mining - Buijs and Reijers (2014), Buijs ~ Buijs et al. (2012a)
algorithm et al. (2013)
Message Flow Mining X Engel and Bose (2014), Engel  Engel et al. (2012, a)
et al. (2013a, 2016), Krathu
et al (2014)
Physical Activity Mining X Engel and Bose (2014), Engel ~ Engel et al. (2013a)
et al. (2013a, 2016)
Alpha-T algorithm - Lamghari et al. (2020) Hermawan and Sarno
(2018)
Passage mining - Suriadi et al. (2014) van der Aalst (2012)
Inductive mining - Morales-Sandoval et al. Leemans ef al (2013)
(2021), Yilmaz and Senkul
(2015)
Organizational Mining - Deokar and Tao (2020) Deokar and Tao (2020)
algorithm
Alpha Mining - Rozsnyai et al. (2012) van der Aalst et al (2004)
Biased (A custom-built - Rozsnyai et al. (2012) Rozsnyai et al. (2012)
algorithm)
Virtual organization structure X Li (2010) Li (2010)
modeling algorithm
Split Miner - Corradini ef al. (2022), Augusto et al (2019a)
Hernandez-Resendiz et al.
(2021)
Abstraction-based approach X Rafiei and Van Der Aalst Rafiei and Van Der Aalst
for privacy-aware inter- (2023) (2023)
organizational process mining
Algorithm for intra-department X Liu et al. (2023b) Liu et al (2023b)
healthcare process discovery
and algorithm for Collaboration
Pattern Discovery
Decision Tree Miner Kim et al. (2020) Kim et al. (2014)
Hierarchical miner X Liu (2020), Liu ef al (2023a) Liu (2020), Liu et al
(Hierarchical behavioral model (2023a)
discovery approach)
Cross-silo process discovery X Khan ef al. (2021) Khan et al. (2021)
algorithm
Top-Level discovery, Bottom- X Zeng et al. (2020) Zeng et al. (2020)

Level discovery, and
integration algorithms

Source(s): Table by authors




Section 4.2.1) to enhance collaborative process analysis within their presented PRANAS Business Process

(Process ANAlytics System) framework.

4.2.5.3 Auditing — detect, check, compare and promote. 4.2.5.3.1 . Detect and check. Three
approaches for detecting and checking the conformance of a cross-organizational process are
presented. D’'Iddio ef al (2016a, b) handle the issue of an incomplete event log, especially
regarding incomplete activity information and missing timestamps. Abstraction techniques
are applied that, under certain conditions, can verify the correct execution of a business
process. Talamo et al. (2013a, b), and Talamo ef al. (2015), in contrast, present the concept of a
validation tree (a special form of a computation tree storing validation rules at each node of
the tree) to check conformance in real-time without knowing any details of the activities
happening within each organization. To achieve this, software agents are installed at each
organization that mines information on the communication layer in real-time and sends
previously agreed-on information (“observations”) to a validation authority. The validation
authority checks the correct execution of the cross-organizational business process by
constructing an event trace from the observations and comparing it with the validation tree.
Finally, Wang et al (2018) present a compliance monitoring framework that uses
conformance checking techniques to continuously detect behavior that doesn’t conform
with pre-defined (e.g. governmental) regulations.
4.2.5.3.2. Compare and promote. It is crucial to develop concepts and metrics that allow for an
accurate comparison of cross-organizational business processes taking into account the
organizational context and organizational semantics. Hence, when comparing metrics across
organizational boundaries, population comparability (Suriadi et al, 2014) has to be
guaranteed to ensure that the analysis results lead to targeted and reasonable suggestions
for process improvement. Therefore, Aksu et al. (2016) incorporated these factors (see Section
4.2.1)) in their framework.

Configurable process models are designed jointly by multiple organizations performing
variants of the same process. Regarding their adoption, it is necessary to consider where to
comply with the standard and where to configure the model to better handle local variations
(Van Der Aalst, 2011a). For this purpose, Van Der Aalst (2011a) proposes the application of
Causal nets, while alignment matrices are introduced in Buijs and Reijers (2014) as a
visualization method for analyzing how the process of one organization would have behaved
with the process model of another organization. Also, Pini et al (2015) developed and
evaluated various visualization techniques accounting for the specific needs of business
process comparison. The techniques assist with effectively communicating the results of
coPM analysis. Similarly, event-log data from all the organizations under comparison can be
used to construct a single process model that reflects all possible variations. Subsequently
replaying the event log from each organization on the general model can reveal dominant and
less-frequent paths as the basis for process improvement (Partington et al., 2015).

Finally, Yilmaz and Senkul (2015) present an approach that builds upon process
comparison to generate recommendations for improvement. Toward this end, a process
model is mined for each organization including the calculation of previously defined KPIs.
Subsequently, the organizations can be clustered, for example, according to their
performance on a specific KPL. Finally, by comparing the process models of better and
worse-performing organizations, improvement suggestions can be generated based on so-
called mismatch patterns (e.g. skipped activities or activities happening at different stages of
the process).

4.2.5.4 Navigation — explore, predict and recommend. Navigation in the context of PM
refers to forward-looking activities. Within the set of our coPM articles, we find techniques for
optimizing task execution on distributed servers, approaches for recommending actions to
take within a process, and ways to predict future process behavior and performance.
Bernardi ef al (2014, 2018) build on a real-time discovery of business rules. They optimize
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resource management by distributing task execution to different nodes within their cloud-
based system. Similarly, Sun ef al (2011) present an approach to fragment the execution of a
workflow based on the discovery of the overall cross-organizational workflow. To minimize
execution time, the remaining tasks of running process instances are allocated to different
servers. Based on the concept of validation trees (see Section 4.2.5.3), Talamo et al. (2015)
explore running service tickets and present a solution, where a validation authority
automatically resolves issues, recommends actions or notifies a service agent. Furthermore,
three articles apply prediction techniques: Ho ef al (2009) use artificial neural networks to
predict the quality of currently produced workpieces based on a real-time analysis of quality
characteristics. If necessary, their approach recommends actions that were previously
generated by process experts and stored in the form of fuzzy “if-then” rules in a knowledge
base to improve product quality. Kim et @l (2020), in contrast, present examples of how
predictions can be applied to data stored in process cubes, for example, use decision trees to
classify expected on-time deliveries and to show the effect of attributes on the process trace as
the basis for predicting performance measures. Finally, Rozsnyai et al. (2012) predict future
tasks and their probability of execution. Their technique builds on decision trees and a
Markovian process-aware prediction approach to determine the probabilities of executing
certain tasks in the remaining lifecycle of a process instance. Toward this end, a process
model is discovered and enriched with a decision tree at each decision node (point in the
process with multiple options for the subsequently executed task). For each running instance,
an “instance-specific probabilistic process model” is then created based on the pre-mortem
event log to predict the next tasks to be executed.

4.25.5 CoPM using blockchain technology. Various articles emphasize the suitability of
blockchain-based applications for executing inter-organizational business processes and
thereby develop new techniques to use blockchain data for coPM purposes. Klinkmdiller et al.
(2019) and Miihlberger et al. (2019) both developed a framework for retrieving data from
Ethereum-based decentralized applications. The frameworks specify how the data needs to
be logged and include a mechanism for extracting the data and transforming it into a format
suitable for coPM. Also, Morales-Sandoval et al. (2021) built on a cross-organizational process
that is executed and monitored on a blockchain. Smart contracts are implemented for directly
logging and collecting event data including mechanisms for data cleaning. Before the data
can be used for coPM, it is also transformed into a standard format.

Miiller et al. (2022) use trusted execution environments and blockchains to enable privacy-
aware coPM. Organizations need to synchronize their case IDs beforehand and agree on a
process mining procedure for analyzing and processing the data. Subsequently,
organizations encrypt their event log and share the key with a secret management service
running in a trusted execution environment before one organization starts the process mining
procedure. As all organizations previously agreed on the procedure, it cannot be changed
anymore. The resulting inter-organizational process model is finally distributed to all
organizations providing input data.

Next to the previously described articles that included an actual implementation of their
framework, Tonnissen and Teuteberg (2019) present an abstract concept that connects so far
separated intra-organizational systems (e.g. enterprise resource planning systems) through a
blockchain, where smart contracts collect the data from one organization and forward it to a
second one. By doing so, a cross-organizational event log can be created, enabling coPM
analysis. Also, Ivkovi¢ and Lukovic¢ (2021) describe an abstract framework for how process
mining can support smart contract validation in blockchains executing inter-organizational
processes, thereby focusing on coPM for conformance checking.

4256 Conclusion of IT-mediated mechanisms. Overall, we can conclude that the
discovery of process models (collaborative process models and global process models) based
on historic event data is the most researched coPM technique. In contrast, less research exists



on forward-looking and real-time coPM techniques. In general, two technical approaches for
handling the complexity of coPM can be distinguished. First, the event-log data are pre-
processed to allow conventional PM techniques to be applied, for instance, by anonymizing or
merging the data or extracting data from new sources, for example, exchanged messages.
Second, specific coPM techniques are developed and implemented, for example, to handle
privacy issues by encrypting the event log and only sharing aggregated results of process
performance analysis (Elkoumy et al., 2020a, b; Jokonowo et al., 2018).

4.2.6 Performance. Various articles revealed insights into process performance. In the case
of collaborative coPM, its application reveals in-depth, fact-based process-related insights, such
as processual weaknesses, parties causing late deliveries in a manufacturing process (Engel and
Bose, 2014; Engel et al,, 2016), improvement potentials for faster and more efficient patient
treatment (Canjels et al, 2019) and technical issues with an inter-organizational message
exchange (Engel et al, 2016). It can further assist by pointing toward amendable parts of the
process and generating recommendations to leverage the improvement potential (Yilmaz and
Senkul, 2015). Furthermore, as coPM transforms previously unused raw event-log data or
exchanged messages in such a way that KPIs (e.g. related to financial performance or customer
satisfaction) can be calculated, it creates a basis for identifying and discussing improvement
potentials (Engel et al, 2016; Krathu ef al, 2014). In addition, organizations improve process
security by applying cross-organizational compliance checking (Talamo et al, 2015).

Regarding coPM for exploiting commonalities, for example, in the case of software-as-a-
service solutions, where multiple organizations share the underlying infrastructure and use
configurable services, multiple variants of the same process exist, which can be analyzed by
coPM in two ways: First, the service provider may compare the operations executed by its
customers to improve the service. Second (only applicable in a non-competitive setting), the
data can be used to benchmark different organizations. Consequently, they can learn from
each other; for instance, by comparing the patient-handling process in multiple hospitals
(Partington et al., 2015; Van Der Aalst, 2010). In the same way, numerous process variants can
be compared to derive a better understanding of the differences between process variants, for
example, in hospitals (Mans et al, 2008) or municipalities (Buijs and Reijers, 2014), and to
identify a preferable process model executable within all organizations (Buijs and Reijers,
2014; Buijs et al, 2012b). Insights resulting from such a comparison may be related, for
example, to performance, to differences in patient’s length of stay (Partington et al, 2015) or to
the process itself, such as varying strategies of patient treatment (Mans et al, 2008), executing
medical activities in a different order (Suriadi ef al., 2014) or omitting certain activities while
still complying with the municipal regulations (Buijs and Reijers, 2014).

Two articles described the actual impact of coPM adoption on process performance.
Canjels et al. (2019) identified that in their case study on arthrosis patients from Dutch
hospitals, multiple steps during patient handling can be performed by less qualified and
therefore less expensive personnel, resulting in an efficiency gain of approximately €75,000
per year. Also, the patients’ waiting times could be reduced, which led to higher patient
satisfaction. Talamo ef al. (2015), in contrast, evaluated their approach to a distributed
process involving 400,000 daily executions and a service desk or support. They identified the
possibility of reducing the IT service personnel by 85% as the vast majority of involved
service tickets could be automatically validated, thereby reducing manual handling effort.

4.3 Challenges of cross-organizational process mining

Based on our coding procedure, as described in Section 3.3, we derived a set of 18 challenges,
which can be grouped into 6 categories (see Table 5): Comparison and analysis, Complexity,
Data, Organization-individual goals, Information protection and Process-related change. Some
of the challenges described are not unique to a cross-organizational setting. They can also
arise when PM is conducted in a single organization, examples that were already reported in
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Table 5.
Challenges of coPM

Source

Challenge

Challenge category (definition)

Engel et al. (2016), Ho et al. (2009)

Aksu et al. (2016), Azzini and Ceravolo
(2013), Edgington et al. (2010), Engel
etal. (2011, 2016), Partington et al. (2015),
Pourmasoumi et al. (2017), Suriadi ef al.
(2014)

Elkoumy et al. (2020a), Zeng et al. (2013)

Aouachria et al (2017), Canjels et al
(2019), Gonzalez and Delgado (2021),
Helm and Kiing (2016), Ho et al. (2009),
Lamghari et al. (2020), Maruster et al.
(2003), Partington ef al. (2015), Suriadi
et al. (2014)

Aksu et al. (2016), Aouachria ef al (2017),
Gerke et al. (2009b), Jacobi et al. (2020),
Lamghari et al (2020), Maruster et al.
(2003), Morales-Sandoval et al. (2021),
Rafiei and Van Der Aalst (2023), Talamo
et al. (2015), van der Aalst (2011b, 2021)
Aouachria et al. (2017), Corradini ef al.
(2022), Hernandez-Resendiz et al. (2021),
Partington et al. (2015), Rafiei and Van
Der Aalst (2023), van der Aalst (2010),
van der Aalst et al (2012)

Aksu et al. (2016), Claes and Poels (2014),
D’Iddio et al. (2016a, b), Deokar and Tao
(2020), Elkoumy et al. (2020a, b), Engel
et al (2016), Hernandez-Resendiz ef al.
(2021), Jacobi et al. (2020), Khan et al.
(2021), Liu et al. (2019), Partington et al.
(2015), Rozsnyai et al (2012), Tonnissen
and Teuteberg (2019), van der Aalst
(2010), van der Aalst (2011b), van der
Aalst et al (2012), Zeng et al. (2013)
Azzini and Ceravolo (2013), Canjels ef al.
(2019), Claes and Poels (2014), D'Iddio
et al. (2016a, b), Edgington et al. (2010),
Engel ef al (2011), Engel et al. (2012),
Gerke et al. (2009a), Maruster ef al.
(2003), Rozsnyai et al. (2012), van der
Aalst (2011a), van der Aalst et al. (2012)
Buijs and Reijers (2014), D'Iddio et al.
(2016a, b), Edgington ef al. (2010),
Elkoumy ef al. (2020a), Engel et al.
(2012), Krathu et al (2014), Maruster

et al. (2003), Rozsnyai ef al. (2012), van
der Aalst et al. (2012)

Define and calculate
appropriate metrics
Ensure comparability
and semantic
alignment

Choose the appropriate
coPM technique
Handle process size and
complexity

Encounter distributed
knowledge and control

Merge intra-
organizational process
models

Get access to
distributed data

Homogenize data
quality

Handle incomplete data

Comparison and analysis (Appropriate
techniques and metrics have to be
developed and applied that account for
organization-specific conditions and
semantics and, in turn, ensure
comparability.)

Complexity (The increasing complexity of
coPM is down to both the complex nature
of the inter-organizational process itself
and the fact that multiple business
partners are involved. This means that
knowledge is distributed, and each
partner is only in charge of a subprocess.
Hence, there is no central overview of the
process as a whole.)

Data (The data for cross-organizational
PM is usually distributed and therefore
has to be collected from multiple
organizations. This requires access to the
data and causes further challenges in the
form of varying data granularity, quality
and structure. In addition, it is necessary
to handle large volumes of data.)

(continued)




Source Challenge Challenge category (definition)

Buijs and Reijers (2014), Claes and Poels  Resolve data

(2014), Engel and Bose (2014), Ho et al.  granularity differences

(2009), Rozsnyai et al. (2012), Suriadi

etal. (2014), Talamo et al. (2013a), Tajima

et al. (2023), van der Aalst (2011b), van

der Aalst ef al (2012)

Rozsnyai et al. (2012) Data source changes
bring back challenges

Elkoumy et al. (2020a), Lamghari et al. ~ Ensure scalability with

(2020), Rozsnyai et al. (2012), Suriadi large data volumes

et al. (2014), van der Aalst (2011a)

Buijs and Reijers (2014), Edgington et /.  Handle contrasting Organmization-individual goals (Multiple

(2010), Ho et al. (2009) goals organizations are involved, each
Engel et al (2011), Gerke et al (2009b),  Reveal correct and pursuing different goals. This gives rise
Khan et al. (2021), Liu et al. (2023b), valuable insights to the challenge of revealing targeted
Rafiei and Van Der Aalst (2023), van der insights that are valuable for all partners,
Aalst (2010) correct and simultaneously handle local
priorities.)
Aksu et al. (2016), D'Iddio ef al (2016b), Implement data Information protection (Organizations
Elkoumy et al. (2020a, b), Jacobi et al. security may not want to or are legally prevented
(2020), Khan et al. (2021), Lamghari ef al. from sharing information on competitive,
(2020), Liu et al. (2019), Miiller et al privacy or confidentiality grounds. In
(2022), R’Bigui and Cho (2017), Rafiei addition, information has to be secured to
and Van Der Aalst (2023), Talamo et al. prevent misuse.)

(2013b), Talamo et al. (2013a), van der

Aalst (2010, 2011b, Van Der Aalst et al.

(2012)

Aksu et al. (2016), Elkoumy ef al. (2020a), Ensure data privacy
Lamghari ef al (2020), Liu ef al. (2019),

Talamo ef al. (2013a), van der Aalst

(2010, 2012)

Pourmasoumi et al. (2017), van der Aalst Constantly handle Process-related change ((Concept) drift,

(2010), van der Aalst et al. (2012) (concept) drift referring to changes in the process or the

Gerke et al (20093, b) Resolve focus shift in ~ context that occur over time and focus
supply chains shift, covering a change in the focus of a

supply chain process.)
Source(s): Table by authors
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the literature being “Ensure scalability with large data volumes,” “Handle process size and
complexity,” “Constantly handle (concept) drift” and “Reveal valuable insights” (Van Der Aalst
et al, 2012; Process Mining Conference, 2020; Rozinat, 2020). However, the cross-
organizational context promotes each challenge either in terms of the probability of their
occurrence or the consequences.

4.3.1 Comparison and analysis. Define and calculate appropriate metrics: Many
perspectives have to be incorporated into an inter-organizational business process
(collaboration), and a variety of possible metrics exist for comparing process variants of
multiple organizations (exploiting commonality). The challenge, therefore, lies in defining
metrics and KPIs that match different stakeholders’ expectations and provide valuable
insights, for example, as they are aligned with the business strategy (Engel ef al, 2016; Ho
et al, 2009). Furthermore, the organizations need to be able to “calculate [these] KPIs from
different syntaxes and semantics across heterogeneous [...] data schemas” (Engel
et al.,, 2016).
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Ensure comparability and semantic alignment: Organizations operate in varying contexts.
For example, the geographical circumstances differ. In addition, semantical differences exist
between the compared partners. For instance, identical labels for activity names do not
necessarily mean the same thing, as one activity can include different steps in different
organizations (Pourmasoumi ef al., 2017). Hence, comparability between process variants or
subgroups of process instances under analysis can usually be questioned. If comparability is
not properly considered, the expressiveness of the results is reduced, thereby leading to
potential mistrust in the PM analysis results (Aksu et al., 2016; Partington et al., 2015; Suriadi
et al,, 2014). For example, as stated by Partington ef al. (2015) in a case study among hospitals:
“When the case study results were presented to the stakeholder group, there emerged some
doubt as to whether there was consistency in the[. . .]diagnosis. While it was generally agreed
[. . .Jthat there was likely to be little difference, it did bring into question the true comparability
of[. . .]patient populations across hospitals.” Or, as written by Suriadi e al. (2014): “Given such
complexity, it can be difficult to determine appropriate ways to split the data into natural
groupings for comparison purposes. A key challenge here is how to group cases such that each
group is mostly homogeneous, and thus, yield usable comparison results.”

Choose the appropriate coPM technique: Due to the described challenges, “normal” PM
techniques can usually not be applied in a cross-organizational setting: “It is difficult to apply
existing approaches directly to discover a model for a cross-organizational workflow” (Zeng
et al, 2013). Hence, organizations and researchers need to determine which of the described
techniques should be applied in their specific setting. This is challenging, as various techniques
(see Section 4.2.5) with different advantages and disadvantages were developed and presented
in the literature, differing in their approach (e.g. for process model discovery, merging the event
log before discovering the cross-organizational process model, or discovering individual process
models and subsequently merging them toward a cross-organizational one).

4.3.2 Complexity. Handle process size and complexity: Multiple partners are involved in an
inter-organizational business process, and they usually perform a large number of activities
through a variety of communication patterns. Activities from different organizations thus
can have different relationships (e.g. executed in parallel or sequentially). Discovering such
an inter-organizational business process can hence be very complex; for example, as multiple
activities are intertwined: “The complexity of logs obtained from various organizations is
likely to result in highly-complex spaghetti process models” (Suriadi et al, 2014) or, as stated
by Lamghari et al (2020), “the construction of supply chain-wide processes poses a real
challenge of complexity.” Overall, the process size and its complexity need to be handled to
ensure meaningful results from coPM analysis.

Encounter distributed knowledge and control: As multiple organizations are involved, the
knowledge of the inter-organizational process is distributed among them: “Often[,] the
knowledge about the overall process is distributed over the involved parties and no single party
has an overview on the complete process and all its details” (Jokonowo et al, 2018). Also, every
party involved has individual expertise: “Each organization can have expertise on different
subjects, e.g. depending on its goals and knowledge” (Aksu et al, 2016). Moreover, there might be
no central control or overview, with the result that each business partner is only able to see and
modify those parts of the process that he is responsible for. This hampers both discovering and
analyzing cross-organizational processes as well as defining and implementing measures for
handling inefficiencies unraveled through coPM analysis across different parties.

Merge intra-orgamizational process models: Once the organizations have discovered
process models that represent their view of the overall business process, usually based on the
data they have access to, it is a challenge to combine these into a process model that reflects
the whole cross-organizational process. This involves handling messages exchanged
between the organization that indicate interoperability issues, e.g. “the supplier (Company B)
sends an invoice which is not expected by the requester (Company A)” (Aouachria et al., 2017)



and handling different patterns of cross-organizational collaboration on the activity level; for
example, activities simultaneously involving both organizations or activities executed
sequentially (Zeng et al., 2013).

4.3.3 Data. Get access to distributed data: The data for coPM is usually spread over different
systems, databases and servers owned by various organizations because every organization
records sub-logs (collaboration) or data of multiple process variants executed by varying parties
isrequired (exploiting commonality) (Claes and Poels, 2014). This results in a situation where the
overall event log is not directly available, as the initial access to event-log data is normally
limited to the organization’s own data (Elkoumy et al, 2020a). Hence, it remains a challenge for
the participating organizations to agree on a way to either grant everybody access to each
other’s databases or store the individually extracted event logs in a common space.

Homogenize data quality: The quality of the PM results crucially depends on the input data
quality. The challenge in a cross-organizational setting is that data might not be recorded and
stored in the same quality in each organization. For example, “events may be incomplete, logs
may contain outliers” (Rozsnyai ef al, 2012), or “events are not recorded precisely and
important details to characterize and identify events are missing.” (D’Iddio et al., 2016b) Thus,
organizations and researchers need to be aware of data quality differences that need to be
resolved before coPM analysis.

Handle incomplete data: The data for coPM may be incomplete due to various reasons. For
example, data fields necessary for coPM analysis are missing because they are not recorded,
or the organizations are not willing to share all details of their event log (Rozsnyai et al., 2012,
Van Der Aalst et al,, 2012). Missing data fields, then, may cause several hurdles during
process discovery (e.g. indistinguishable timestamps, representing only the day of activity
execution, which hampers the ability to correctly identify the order of activities) and
conformance checking (e.g. executed but not recorded activities may lead to the wrong
conclusion of a non-conforming process behavior) (D’Iddio et al,, 2016a, b).

Resolve data granularity differences: As multiple organizations govern their individual
event log, the granularity between multiple event logs may differ. This issue relates to
timestamps: “timestamps may have different levels of granularity ranging from milliseconds
precision (28-9-2011:h11m28s32ms342) to coarse date information (28-9-2011)" (Van Der
Aalst et al., 2012) and to the level of detail of the recorded activities (Claes and Poels, 2014): “an
event log can hold data about a number of events at a high level of detail and of other events at
a low level of detail.” Also, organizations may use different identifiers, which complicate
merging distributed data: “For example, one system uses name and birthdate to identify a
person whereas another system uses the person’s social security number” (Van Der Aalst
et al, 2012). These differences in data granularity need to be resolved when merging the
individual event logs into an overall event log.

Data source changes bring back challenges: Firms' IT infrastructures do not remain constant
in general because of, for example, new requirements, regulations, or optimization initiatives.
Hence, I'T systems and, in turn, the data sources for coPM are subject to change: “Changes may
occur when IT systems are replaced, when data structures are improved, errors are fixed or
new components are introduced that add additional data.” (Rozsnyai et al., 2012) For coPM,
this complicates a continuous analysis because the variety of described challenges may
reoccur for each change in one or multiple of the organization’s IT infrastructure.

Ensure scalability with large data volumes: Complex inter-organizational business
processes (collaboration) or multiple variants of the same business process (exploiting
commonality) generate large amounts of data that must be processed. This may result in
scalability issues, for example, when a specific coPM or encryption technique is resource-
intensive. Looking at large organizational implementations of PM, we observe that in intra-
organizational settings, use cases with multiple millions of process instances are already
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present (Celonis, 2022). Hence, organizations developing new techniques for coPM, for
example, need to ensure that their approaches are able to handle large amounts of data.

4.3.4 Organization-individual goals. Handle contrasting goals: CoPM may be applied by
business partners for different reasons and to support diverse —and possibly rival — goals (Buijs
and Reijjers, 2014; Helm and Kiing, 2016). Also, partners may have local priorities in an inter-
organizational business process. For example, a manufacturer wants to increase the process
transparency of its supplier, while the supplier strives to optimize the overall efficiency while
hiding certain process details to maintain a competitive advantage. This gives rise to the
challenge of local versus global optimization: “today’s enterprises operate on a global scale and it
is a challenge to achieve global optimization within the network” (Ho ef al., 2009).

Reveal corvect and valuable insights: In an inter-organizational context, the challenge of
deriving targeted and valuable insights for all participants results from business partners
providing large amounts of data, offering seemingly unrestricted ways for process discovery,
conformance checking and enhancement. Also, as described in the previous challenge, different
goals may require different ways of analyzing the process. Thus, it is a challenge “to not get lost”
in the analytical possibilities and restrict coPM analysis to valuable opportunities. Further, the
insights need to be correct, which is a particularly important challenge when only abstractions of
process models are shared, merged or analyzed (Liu et al,, 2023a; Rafiei and Van Der Aalst, 2023).

4.3.5 Information protection. Implement data security: Data security refers to the challenge
of protecting the data from misuse or unauthorized access and is rooted in three aspects:
confidentiality, integrity and availability of the data. Confidentiality refers to preventing secret
information from one organization from being accessed by unauthorized third parties. For
example, “with the increasing number of participants in supply chain business processes|. . .], it
is important to secure data, where it will be only accessible to authorized persons” (Lamghari
et al.,, 2020). Data integrity ensures that the data are not modified unauthorizedly. For example, it
should not be possible for one organization to manipulate the data from another organization.
Data availability ensures that the data can be accessed by authorized institutions at the required
point in time while maintaining confidentiality requirements. This, for example, “might require
that certain data are hashed or encrypted before being transmitted” (Talamo et al, 2013b).

Ensure data privacy: Privacy requirements and regulations (e.g. the general data protection
regulation by the European Union [2]) have to be fulfilled to protect the rights of the individuals
who interact with the cross-organizational process and, thereby, whose data are processed. This
is especially relevant when the data is being shared between multiple organizations (Elkoumy
et al, 2020b). “Due to confidentiality concerns and privacy regulations [...] the involved
organizations are unwilling to, or sometimes legally prevented from, sharing their event logs.”
Thus, it needs to be clarified whether person-related data originating from one organization can
be shared with another organization without disregarding any privacy regulations.

4.3.6 Process-related change. Constantly handle (concept) drift: (Concept) drift is a challenge
in two ways: First, the process might change while being analyzed, or a discovered process
model can become outdated. Second, seasonal effects might result in process variants being
executed under varying conditions (Van Der Aalst, 2010). For example, there may be seasonal
effects affecting the features of a process. The same process may have long flow times in
December and short flow times in January due to differences in workload. This should be
taken into account when comparing variants. In a cross-organizational context, those drifts
happen at each organization at different points in time, leading to the challenge of constantly
adjusting coPM analysis to handle (concept) drifts.

Resolve focus shift in supply chains: This challenge arises because goods processed in a
supply chain are hard to follow between the first and final activity. This originates from a
change in the process focus — including the recorded data — due to the assembly and
packaging operations (Gerke et al.,, 2009b): “The main challenge is assigning different events
[...]to a process instance in such a way that the shifting focus between different assembled



and disassembled business objects of varying granularity is handled appropriately.” For

Business Process

example, the early process focus within a car production process may be on the delivery of a Management
car wheel, which is subsequently mounted on a car (new process focus: car) before the car gets Journal
transported by a truck to the customer (new process focus: truck transport).

4.4 Enablers for cross-organizational process mining

The identified articles further present enablers for handling the challenges of coPM. Based on 177
the described procedure (see Section 3.3), we derived nine enablers from three categories
(Data preparation, Data and process analysis, Governance) that assist in conducting PM
across organizational boundaries (see Table 6).

Source Enabler Enabler category (Definition)

Azzini and Ceravolo (2013), Canjels  Pre-process data Data Preparation (Preparing the data
et al. (2019), Claes and Poels (2014), through merging, filtering,

Corradini ef al. (2022), D'Iddio et al. anonymizing, pseudonymizing, event
(2016a), Elkoumy et al. (2020a, b), data extraction, clustering or

Engel and Bose (2014), Gerke et al. classification eases coPM analysis.)
(2009b), Lamghari et al. (2020),

Morales-Sandoval ef al (2021),

Partington et al (2015), Rafiei and

Van Der Aalst (2023), Rozsnyai et al.

(2012), Suriadi ef al. (2014), Talamo

et al (2013a), van der Aalst et al.

(2012)

Canjels et al. (2019), Deokar and Tao  Apply clustering and

(2020), Pourmasoumi et al. (2017), classification techniques

Suriadi ef al (2014), van der Aalst (exploiting commonality)

(2010), Yilmaz and Senkul (2015)

Aksu et al. (2016), Edgington et al. Continuously analyze the Data and Process Analysis (A valuable
(2010), Talamo et al. (2013a), van der  process and assess the application of coPM is promoted

Aalst et al. (2012) created value through a focused and continuous
Engel and Bose (2014), Partington Focus coPM analysis analysis with the help of visualizations
et al (2015), van der Aalst ef al. (2012) and an engagement with relevant
Bernardi et al (2018), Buijs ef al. Provide process view stakeholders.)

(2012b, 2013), Miiller et al (2022), van  flexibility and use

der Aalst (2010), van der Aalst configurable process

(2011Db), van der Aalst et al (2012) models

Buijs and Reijers (2014), Corradini Use visualization

et al. (2022), Deokar and Tao (2020),  techniques for presenting

Engel and Bose (2014), Engel et al. coPM results

(2013a, 2016), Krathu ef al (2014),

Partington et al (2015), Pini et al.

(2015)

Aksu et al (2016), Buijs and Reijers  Discuss results with

(2014), Canjels et al. (2019), experts/stakeholders

Edgington et al. (2010), Engel et al

(2012), Partington et al. (2015),

Yilmaz and Senkul (2015)

Edgington et al. (2010), Engel et al Align interests, strategies Governance (Apply governance

(2016), Krathu ef al (2014), Rottand  and goals mechanisms and consider including a
Bohm (2022b) third party to align interests, strategies Table 6.

Lamghari ef al (2020), Morales-
Sandoval et al. (2021)

Source(s): Table by authors

Consider including a third
party for parts of coPM

and goals.) Enablers for cross-

organizational process
mining
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4.4.1 Data preparation. Pre-process data: To handle the complexity of cross-organizational
event-log data and to recognize security, privacy and confidentiality requirements, it is
helpful to pre-process the data before the actual coPM analysis. The following forms of pre-
processing can be applied:

(1) Merging:In order to enable coPM analysis, intra-organizational data can be merged to
create cross-organizational data. This can happen at different levels: “raw data level
(.e. merging databases and/or files), structured data level (i.e. merging event logs),
and model level (i.e. merging process models)” (Claes and Poels, 2014).

(2) Filtering: Filtering the data may be required to hide certain details (e.g. business-
critical information) or to focus the analysis on cases that fulfill certain criteria, e.g.
completeness: “In order to tailor the available data toward our research questions
[...], we[...] filter the results for cases which contain complete traces” (Engel and
Bose, 2014).

) Anonymization and Pseudonymization: To protect individuals whose data is
processed during coPM, the data can be anonymized (process the data in such a
way that the original person cannot be determined) or pseudonymized (replace
personal data with pseudonyms, thereby preserving the possibility to connect data
from different databases being pseudonymized in the same way).

4) Adding additional (noise) information: Additional information can be added to the
event log to overcome missing data (e.g. calculate approximate timestamps) or hide
certain details (e.g. add activities to protect the actual order of activities executed
being exposed to other organizations).

() Extracting event-log data: The data required for coPM can, in certain situations, not be
directly drawn from the source systems, usually, because the data are stored in a
different format. Hence, the necessary event-log information needs to be extracted; for
example, building upon messages exchanged between the organizations or RFID tags
scanned throughout the supply chain (see Section 4.2.5)

Apply clustering and classification techniques (exploiting commonality): Clustering (e.g. k-means
clustering) and classification (e.g. decision trees) techniques can be applied when multiple
organizations are compared through coPM analysis. They assist in understanding differences
and commonalities between process variants and groups of process instances. As stated by
Suriadi et al (2014): “A key lesson learned here is that clustering techniques can be used to
discover inherent clusters of cases informed purely by the features in the dataset while
decision tree analysis can be used to extract the key discriminating features of each cluster.”
This assists organizations in learning best practices from each other.

4.4.2 Data and process analysis. Continuously analyze the process and assess the created
value: Due to the high complexity involved, it is advisable to continuously repeat the coPM
analysis; for instance, by performing multiple iteration cycles: “The examples from a
software vendor’s perspective and an organization’s perspective indicate that one can obtain
more specific insights by executing more interaction cycles[. . .]. In each cycle, one can define
more granular process mining questions using organizational contexts, metric semantics, or
business semantics” (Aksu et al., 2016). Together with periodically assessing the value of the
coPM project, it ensures the ongoing involvement of all participating organizations.

Focus coPM analysis: As an extensive and heavily intertwined cross-organizational
business process offers many opportunities for investigation, it is advisable to focus the
analysis on specific aspects: “We found that it was important to provide some focus as to
which areas that we should analyze to avoid being overwhelmed by too many ‘potentially-



relevant’ comparison points” (Partington et al, 2015). In addition, organizations should
analyze the process by following dedicated questions (Van Der Aalst et al., 2012): “Process
mining activities need to be driven by questions. Without concrete questions, it is very difficult
to extract meaningful event data.” Focusing the analysis thus assists with deriving valuable
insights and reduces the risk of getting lost in the great number of analytical possibilities.

Provide process view flexibility and use configurable process models: The overall process
model and the views thereof should be kept flexible (e.g. be able to hide activities that are
irrelevant for one organization), as multiple organizations have different perspectives that
they are interested in. Hence, organizations need different views to support their analysis.
Providing a configurable process model that describes a set of familiar processes can further
assist in standardizing process variants while still allowing for local configurations (Buijs
et al., 2012b): “Configurable process models [. . .] provide a way to model variability in the
processes [...]. Given a shared configurable model, organizations can use different
configurations to adapt to local needs.”

Use visualization techniques for presenting coPM results: Visualizations (e.g. process maps,
alignment matrices, dotted charts, organigrams or social network visualizations) are a
powerful way of deriving comprehensible analysis results, especially if the underlying cross-
organizational process is large and complex (Buijs and Reijers, 2014). They trigger
discussion, enhance interpretability and represent an easier way to share information
between the participating organizations compared to releasing the raw event-log data
(Corradini et al., 2022; Pini et al., 2015).

Discuss results with process experts and stakeholders to incorporate feedback: Discussing
the results with process experts, data and IT specialists, and managerial stakeholders from
(all) participating organizations assists in evaluating and interpreting the results: “The
results from the case study were communicated back to the stakeholders, as part of an
iterative engagement to ask questions, such as ‘is the data actually telling us what we think it
is telling us?” (Partington et al, 2015). This is specifically relevant in cross-organizational
settings, as the individual organizations possess unique domain knowledge that is required
for correctly interpreting coPM results and deriving measures for process optimization.
Furthermore, the discussions may lead to future directions in analyzing the process.

4.4.3 Governance. Align interests, strategies, and goals: Similar to information sharing in
supply chains, it is beneficial for the participating organizations to align their interests,
strategies and goals. This can be achieved, for example, by implementing service level
agreements or aligning bottom-up coPM analysis with top-down strategic objectives
(Edgington et al., 2010): “metrics need to be applied within the service level agreement (SLA)
in order to help align the outsourcer’s actual process execution with the client’s actual
interests.” Specifically, implementing value distribution mechanisms may ensure that the
value of coPM is distributed to the organizations in such a way that everybody is incentivized
to create a higher value (Rott and Béhm, 2022b).

Consider including a third party for parts of coPM: To overcome confidentiality issues, the
inclusion of an additional (trustworthy) party (e.g. a PM vendor, consultancy or research
institution) should be considered. It, for example, takes the event-log data of multiple
organizations as input and provides the results of the coPM analysis to each party (Morales-
Sandoval et al, 2021). Thereby, organizations cannot access foreign information.

4.4.4 Relationships between challenges and enablers. As can be drawn from Figure 5, which
is based on the described coding procedure in Section 3.3, most of the enablers are directly
related to the challenges described. Overall, one dominant enabler can be observed: Pre-
process data. It relates to nine challenges and undermines the past literature focus on
technical aspects of coPM. We further observe multiple enablers and challenges being
disconnected from each other, thereby indicating areas for future research (see Section 5.1
and Section 5.3).
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Figure 5.
Relationships between
coPM challenges and
enablers

Challenges Enabler

Define and calculate appropriate metrics

— — Align interests, strategies, and goals
Ensure comparability and semantic alignment

Choose the appropriate coPM technique x Discuss results with process experts and
Handle process size and complexity stakeholders to incorporate feedback
Encounter distributed knowledge and control Provide process view flexibility and
Merge intra-organizational process models use configurable process models
Get access t(.> distributed .data Focus coPM analysis
Homogenize data quality
Handle i lete dat:
ancc Teomp Ae £ ﬁ 2 Pre-process data
Resolve data granularity differences
Data source changes bring back challenges Consider including a third party
Ensure scalability with large data volumes for parts of coPM
Handle contrasting goals Use visualization techniques
Reveal correct and valuable insights for presenting coPM results

Implement data security Apply clustering and classification techniques

(exploiting commonality)

Ensure data privacy

Constantly handle (concept) drift Continuously analyze the process and

assess the created value

Resolve focus shift in supply chains

Source(s): Figure by authors

5. Discussion

5.1 Discussion of challenges and enablers

Some of the described challenges and enablers are not unique to coPM and were also
described in existing PM studies. For example, Martin ef a/. (2021) built on a Delphi study with
academics and practitioners to identify — among others — “Poor data quality,” “Restricting
data privacy regulations” and “Complex data preparation” as challenges, whereas three
challenges described in the PM Manifesto are also represented in our findings (Van Der Aalst
et al., 2012): “Finding, Merging and Cleaning Event Data,” “Dealing with Complex Event Logs
Having Diverse Characteristics” and “Dealing with Concept Drift.” Further, we observe that in
comparison with the guiding principles published in the PM Manifesto, our enabler
“Continuously analyze the process and assess the created value” is similar to “Process Mining
Should Be a Continuous Process.” In addition, “Focus coPM analysis” relates to “Log
Extraction Should Be Driven by Questions” (Van Der Aalst et al, 2012). However, we were able
to identify numerous novel challenges and enablers describing the unique character of coPM,;
for example, “Ensure comparability and semantic alignment,” “Encounter distributed
knowledge and control” and “Align interests, strategies and goals.”

The revealed challenges and enablers further cover different areas of PM (Vom Brocke
et al., 2021) and thereby undermine the complexity of its cross-organizational application. On
a technical level, various data-related challenges need to be solved, for example, regarding the
quality and granularity of event-log data. On an ecosystem level, distributed data and
knowledge have to be combined, and contrasting goals need to be overcome. Hence,
organizations not only need the technical abilities to extract data from existing IS and the
analytical skills to perform meaningful PM analyses but also the possibility to convince the
involved organizations to apply coPM, for example, through the enabler “Align interests,
strategies and goals.”

Referring to the connection of challenges and enablers presented in Figure 5, we observe
that two are not connected to a challenge: “Align interests, strategies and goals” and “Provide
process view flexibility and use configurable process models.” Hence, future research (see
Section 5.3) should investigate this matter to reveal, if and how the enabler supports handling



one or multiple challenges. For example, how does the enabler “Align interests, strategies and
goals” assist with the challenge “Handle contrasting goals”? In line with the observation that
previous research on coPM mostly focused on technical aspects, we also identified one
dominant technical enabler, “Pre-process data,” relating to nine different challenges. Thus,
previous literature has mostly tried to solve the challenges of coPM by presenting new ways
to pre-process the data in certain ways, for example, by anonymizing, filtering or merging.

Looking at the two types of coPM, exploiting commonality and collaboration, we observe
that some challenges and enablers are unique to one scenario. “Ensure comparability and
semantic alignment” is only relevant when multiple organizations are compared with each
other (exploiting commonality), while “Resolve focus shift” is only relevant in supply chains
(collaboration). Furthermore, “Ensure Security” might be less important if the compared
organizations are not competing (exploiting commonality). However, the challenges are
predominantly present in both scenarios and, therefore, also the enablers needed to
overcome them.

5.2 Discussion of the current state of the literature

Current literature on coPM is widely dispersed and not prevalent in major IS conferences and
journals. The distribution of articles covering aspects of the IOC framework further shows
that the majority focused on coPM techniques, which were often evaluated with artificial
data. Furthermore, the actual usage of coPM in practice, especially for collaborative coPM,
cannot be retrieved from the articles within our literature review. We observe a lack of
empirical research with companies that have already deployed large and successful PM
applications. In addition, articles evaluating their coPM techniques with real-world data
mostly lack details on how the data was retrieved and combined. Despite Aksu et al. (2016), no
article systematically covered the uncertainty sources in coPM projects. They were usually
presented as a by-product of the actual research or used within the articles’ motivation
section; for example, Ho ef al (2009) mentioned contrasting goals between the parties as a
potential source of uncertainty. Furthermore, an early focus on privacy preservation for
coPM was laid within the PM Manifesto (Van Der Aalst et al,, 2012). Hence, we can conclude
that our knowledge of the specific sources of uncertainty within coPM is limited, while we put
a strong emphasis on technological advancements. These new or advanced techniques,
however, have so far not led to a broad practical adoption (Thiede et al., 2018) and focused
more on cartography activities than on coPM for auditing and navigation purposes. In
addition, the analysis, redesign, implementation and monitoring phases of the BPM lifecycle
are less extensively covered than the data preparation stage. Consequently, we also know
little about the value creation mechanisms in coPM and its impact on the performance of the
inter-organizational relationship. Overall, we conclude that we need to overcome the gap
between coPM research and practice, for example, in terms of techniques applied, processes
to be analyzed and procedures followed. This requires broadening the past technical focus of
coPM research to include socio-technical research supported through empirical research
methods, which is increasingly possible as the PM market is growing (Fortune Business
Insights, 2023) and more organizations adopt PM. In line with the IOC framework, we, thus,
argue that future research needs to dive into understanding which uncertainty sources are
present and how they trigger the need for information processing. Without a deep
understanding of the uncertainty sources and their implications for coPM, we cannot develop
targeted coordination mechanisms that assist in successfully implementing coPM.

When building our research framework, we, therefore, asked ourselves: “What are steps that
need to be taken to fully understand the dynamics of coPM and foster practical adoption?”
Our discipline has a long-standing tradition of studying inter-organizational relations and IS,
for example, in the context of outsourcing (Willcocks and Kern, 1998), IT governance
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Figure 6.

Research framework
for coPM building
upon Bensaou and
Venkatraman (1996)

(Grant and Tan, 2013) and recently operational I'T alignment (Trang et al, 2021), the following
research framework guides future research on coPM including its socio-technical implications
and thereby fosters its relevance within the BPM and IS community. The research framework
that we built along the dimensions of the IOC framework (see Figure 6) consists of four areas:
First, researchers need to develop a thorough understanding of the uncertainty sources present
in coPM. Second, coordination mechanisms can be designed, developed and evaluated that
assist in handling uncertainty sources. Third, the fit between the information processing needs
and the information processing capabilities can be investigated to better understand how the
coordination mechanisms assist with handling uncertainty sources. Fourth, the performance of
coPM and its impact on the performance of the cross-organizational relationship can be
researched in order to determine value potentials generated through coPM. These four areas
can either be investigated in isolation (e.g. determine sources of partnership uncertainty) or by
interpreting the four areas as four steps that need to be followed in order to develop and
evaluate a coordination mechanism that tackles one or multiple uncertainty sources: (1)
Determine uncertainty source(s), (2) Design, develop and evaluate a coordination mechanism,
(3) Investigate how the mechanisms’ coordination capabilities assist with handling the
uncertainty source and (4) Research the impact on the performance of coPM. By doing so, we
ensure that we understand the overall dynamics of coPM and foster practical adoption. Within
the next section, we describe in detail what future coPM research should investigate to increase
our theoretical understanding of coPM, advance coPM techniques and provide assistance for
practitioners and researchers in conducting coPM.

5.3 Future research areas
In the following, we provide an explanation and multiple research questions (RQs) for each
research area of our research framework (see Figure 6).

5.3.1 Environmental uncertainty (1.1). Business processes are influenced by the industry
and the market they are executed in Venkatesh and Bala (2012). Regulations, laws and
standards have compliance requirements that have to be fulfilled (Aksu et al, 2016;
Knuplesch et al, 2013), such as the general data protection regulation in the European Union
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(Elkoumy et al, 2020b). Those factors of environmental uncertainty are so far only
investigated for accurately comparing the performance of organizations (Aksu et al, 2016).
Hence, it remains unknown which factors exist and are specifically relevant in collaborative
coPM settings. To identify sources of environmental uncertainty for coPM, researchers can
draw on existing work on environmental uncertainty, for example, Duncan (1972), and
determine the factors relevant in coPM settings. Building upon identified sources of
environmental uncertainty, researchers can investigate how homogeneous and heterogenous
environments as well as stable and dynamic environments impact coPM. For example,
dynamic environments may require reperforming coPM analyses and reinterpreting the
results, while heterogeneous environments enhance the complexity of accurately comparing
multiple organizations with each other.

RQ 1.1.1. Which sources of environmental uncertainty are present in coPM projects?

RQ 1.1.2. How do heterogeneous/homogeneous environments of multiple organizations
impact coPM?

RQ 1.1.3. How do stable/dynamic environments of multiple organizations impact coPM?

5.3.2 Partnership uncertainty (1.2). Diirr and Cappelli (2018) postulate that shared goals
among business partners form a successful basis for inter-organizational relationships, while
Pang and Bunker (2007) emphasize the importance of financial benefits, and Bala and
Venkatesh (2007) conclude that in an inter-organizational relationship, power differences
usually exist between the participating partners; for example, based on their market share.
These differences can be leveraged, for example, to force a non-dominant partner to invest in
relationship-specific technology. In coPM, one possible scenario is that a dominant firm forces
anon-dominant firm to store and share event-log data in a particular format. In the same way,
trust plays a vital role in hampering or promoting the success of inter-organizational
cooperation (Ghosh and Fedorowicz, 2005). So far, sources of partnership uncertainty on
coPM were only mentioned within the motivation of three studies, Ho et al (2009), Jacobi et al.
(2020) and Rott and Bohm (2022b). Hence, we emphasize the importance of unraveling various
sources of partnership uncertainty and their effect on a coPM initiative. We believe that
stakeholder theory, emphasizing the importance of individual and diverging interests of
involved stakeholders (Donaldson and Preston, 1995), may assist with this research question
and can be enriched by researching coPM. In addition, goal compatibility, trust, and power
dependence as prominent sources of partnership uncertainty in inter-organizational
relationships (Bensaou and Venkatraman, 1996) need to be investigated. As, for example,
mistrust is often more prominent in the early phases of an inter-organizational relationship
(Scott, 2000), we believe it is important to also analyze how these factors evolve over time, for
example, with increasing maturity of the coPM analysis.

RQ 1.2.1. Which sources of partnership uncertainty are present in coPM projects?

RQ 1.22. How does goal compatibility/trust/power dependence between multiple
organizations influence coPM?

RQ 1.2.3. How does goal compatibility/trust/power dependence evolve over time and
thereby change its impact on coPM?

5.3.3 Task uncertainty (1.3). So far, two papers have mentioned sources of task uncertainty
(task analyzability, task variety and task interdependence) in their work: Partington ef al
(2015) and Engel et al (2012). Hence, we know little about the situations, industries and
processes that need to handle task uncertainty. Also, research on the consequences of the
three task uncertainty sources and their impact on coPM is missing. Against this
background, we consider it important to investigate how coPM is impacted by the presence of

Business Process
Management
Journal

183




BPMJ
30,8

184

task uncertainty. Task analyzability may, for example, influence the comparison of tasks
executed in different organizations due to different specifications of task execution, while
task variety may be required to consider when comparing task performance between
multiple organizations, for example, as unforeseen constraints of location, time or personnel
resources restrict the task execution (Unger and Wagner, 2011). We expect both to be
important for coPM to exploit commonalities and provide an opportunity to contribute to
theory on IT-enabled inter-organizational learning (Scott, 2000). In contrast, task
interdependence is specifically relevant for collaborative coPM, for example, when the
inter-organizational business process involves the exchange of information between
collaborating partners, as the outcomes of tasks executed at one organization influence the
tasks of their business partners (Zhi-Jun and Tian-Mei, 2006). Hence, research on task
interdependence in coPM may contribute to coordination theory, which investigates how
multiple actors coordinate their actions (Malone, 1988).

RQ 1.3.1. Which processes and industries have to handle task uncertainty in which
situations?

RQ 1.32. How does task analyzability impact coPM, especially for exploiting
commonalities?

RQ 1.3.3. How does task variety impact coPM, especially for exploiting commonalities?

RQ 1.34. How does task interdependence impact coPM, especially for collaborative
scenarios?

5.3.4 Interdependencies between environmental, partnership and task uncertainty (1.4). As
stated by Bensaou and Venkatraman (1996), the uncertainty sources range from very global
(environmental uncertainty) to very specific (task uncertainty). Looking at the papers from
our literature review, we see that no paper simultaneously investigated two or all three
uncertainty sources. Hence, we know little about the interdependence between
environmental, partnership and task uncertainty. However, we believe that this is
important to understand if some uncertainty sources depend on each other or promote,
hamper or eliminate the need for IOC through coPM.

RQ 1.4.1. What are the interdependencies between environmental, partnership and task
uncertainty?

RQ 1.4.2. How do the interdependencies between uncertainty sources influence coPM?

5.3.5 Structural mechanisms (2.1). Structural mechanisms assign authority and roles within
coPM (Bensaou and Venkatraman, 1996). Existing coPM literature has focused on models for
executing coPM, value distribution mechanisms, metrics for business process comparison
and collaboration, and the formalization of business process compliance. Roles that are
required for coPM projects, including their responsibilities (e.g. Who performs the coPM
analysis?), are missing. Hence, we lack explicit guidelines for distributing tasks within coPM
to specific participants (e.g. Is it beneficial to include a trusted third party for data integration
and coPM analysis?). Furthermore, the different models for executing coPM were not
empirically evaluated. Thus, we lack an understanding of the applicability of these models in
different situations. In addition, governance mechanisms for coPM that assist researchers
and practitioners have not been investigated thus far. Hence, we lack an understanding of
ways to govern coPM and an understanding of how certain governance mechanisms impact
coPM. For the latter, we think that the resource-based view of the firm (Wernerfelt, 1984) may
serve as a theory for guiding this research. Building upon understanding governance
mechanisms, we can further develop guidelines for implementing them in practice.



RQ 2.1.1. Which roles, including their responsibilities, exist in coPM projects? Business Process

RQ 2.1.2. Which tasks should be assigned to which participants in coPM projects? Manajgglrlnnelrell‘i
RQ 2.1.3. What are the circumstances that define the applicability of a specific model for

coPM project execution?
RQ 2.1.4. Which governance mechanisms assist with coPM in what situations, under
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RQ 2.1.5. How can a specific governance mechanism be implemented in organizations?

5.3.6 Process mechanisms (2.2). Current literature on coPM has neglected process
mechanisms that describe the socio-political atmosphere within the inter-organizational
relationship and directly influence information processing capabilities. As stated by Bensaou
and Venkatraman (1996), process mechanisms can be described using the three dimensions of
conflict, cooperation and commitment, while it is expected that lower conflict, higher
cooperation and higher commitment increase the ability to liberally share information. Hence,
we first need to analyze the socio-political atmosphere in established coPM projects and inter-
organizational collaborations to understand circumstances that promote and hamper them.
Building upon this knowledge, we can subsequently investigate how organizations can
positively influence the socio-political climate. Social network theory, for example, may assist
with this research area by characterizing relationships between organizations as links
between individuals within each organization (Haythornthwaite, 1996).

RQ 2.2.1. Which circumstances promote and hamper the socio-political atmosphere of
coPM in terms of the dimensions of conflict, cooperation and commitment?

RQ 222, How can organizations influence the socio-political atmosphere of coPM to
increase the ability to liberally share information?

5.3.7 IT-mediated mechanisms (coPM techniques) (2.3). As it can be drawn from Section 4.2,
the majority of articles within this literature review focused on coPM techniques. Hence,
organizations and researchers can draw on various techniques for the main coPM activities
(Cartography, Auditing and Navigation), data pre-processing for coPM and coPM based on
blockchain data. However, the discovery of process models is more extensively covered than
coPM for auditing and navigation purposes. In addition, articles on navigation techniques for
coPM were, surprisingly, published between 2009 and 2020, including only two publications
from the last five years (see Table 3). This is in contrast to recent publications emphasizing
the importance and value of forward-looking PM (Van Der Aalst and Carmona, 2022). Hence,
we believe that it is valuable to increase research on coPM for navigation. Furthermore, most
of the techniques are designed for post-mortem event data. Thus, we also call for research on
real-time coPM, for example, for detecting non-conformant behavior. More specific research
questions, for example, building upon the limitations of the already developed techniques,
can be found in the articles of this literature review themselves. As we focus on the BPM and
IS domain within this research agenda, we also want to point out socio-technical questions
concerning coPM techniques. Multiple articles evaluated their approach using artificial data
or presented abstract concepts of coPM techniques without any evaluation (see Table 2).
Hence, we think that the disciplines of BPM and IS can advance research on coPM techniques
by evaluating them in real-world empirical scenarios, understanding when certain techniques
can be applied, and how the techniques assist with handling environmental, partnership, and
task uncertainty.

RQ2.3.1. How can coPM techniques for navigation (Explore, Predict and Recommend) be
advanced?
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RQ 2.3.2. How can real-time coPM techniques be advanced?

RQ 2.3.3. Which requirements for advancing coPM techniques can be unraveled by
empirically investigating and comparing multiple coPM techniques?

RQ2.3.4. Which coPM technique should be applied by organizations in which situations?

RQ 2.3.5. How do coPM techniques assist with handling environmental, partnership, and
task uncertainty?

5.3.8 Investigate fit between needs and capabilities (3). The success of coPM is, according to the
10C framework, determined by the fit between the information processing needs originating
from the uncertainty sources and the information processing capabilities determined through
the coordination mechanisms (Bensaou and Venkatraman, 1996). Looking at the current coPM
literature, we observe that no article has systematically looked into this. Hence, it remains
unknown how the information processing needs and capabilities themselves, as well as the fit
between both, can be determined for an inter-organizational collaboration performing coPM.
This is of crucial importance for understanding how organizations can positively impact the
success of coPM, as a misfit between needs and capabilities hampers the performance, either
by wasting resources (low information processing needs and high information processing
capabilities) or by not being able to properly handle uncertainty (high information processing
needs and low information processing capabilities). In addition to directly contributing to the
10C framework, we expect this research area to also contribute to research on the impact of IS
on the resilience of organizations (Heeks and Ospina, 2019), for example, by revealing how the
coPM coordination mechanisms increase (inter-Jorganizational resilience.

RQ 3.1. How can the information processing needs originating from the presence and
interplay of different uncertainty sources be determined for an inter-
organizational relationship conducting coPM?

RQ 3.2. How can the information processing capabilities originating from the
deployment and interplay of different coordination mechanisms be
determined for an inter-organizational relationship conducting coPM?

RQ 3.3. How can the fit between information processing needs and capabilities be
determined for an inter-organizational relationship conducting coPM?

5.3.9 Measure and dissect performance (4). Measure and dissect the performance of coPM
requires extensive cooperation between research and practice. Following the conclusion of
Thiede et al (2018) that coPM publications in IS research are underrepresented, we call for
empirical research that looks into the outcomes of coPM. As the focus of the present literature
is mostly on hospitals, municipalities and manufacturing firms (see Table 2), future research
can investigate other scenarios; for instance, multi-modal transportation or software-as-a-
service. Building upon cross-case analysis, researchers can advance the model of
Badakhshan ef al (2022) for value creation from PM to account for cross-organizational
scenarios and thereby investigate whether different types of affordances are required and
new types of value can be realized (e.g. increasing inter-organizational trust by making the
collaborative process transparent).

RQ 4.1. Which insights and value potentials can be created through the application
of coPM?

RQ 4.2. How does the application of coPM lead to the creation of business value?

5.3.10 Future research on challenges and enablers of coPM (5). Referring to the type of
evaluation data from Table 2, many developed techniques and enablers were evaluated with



artificial data, while some enablers and challenges are disconnected from each other (see
Figure 5). Hence, investigating the impact of an enabler on one or more challenges requires
empirical (quantitative) evaluation. As all challenges and enablers were drawn from the coPM
literature, we further emphasize the need to reveal more of these grounded in practical
experience as well as more detailed information and examples. For instance, how do firms
gain access to data from business partners (collaboration), competitors or non-competitors
(exploiting commonality)? This is desperately needed, as coPM is still lacking practical
application despite the technological advancements in the past fifteen years (see Section 4.2.5
and Appendix 1). We expect qualitative empirical research, such as interviewing
practitioners, PM vendors and consultancies that have implemented PM across
organizational boundaries, to add valuable experience. Finally, after enhancing the list of
challenges and enablers, it will be valuable to unravel their relative importance and priority
for supporting (enabler) or hampering (challenges) coPM in industry and research, for
example, through performing a Delphi study (Hader, 2014).

RQ 5.1. What challenges and enablers can be revealed through empirical research?
RQ5.2. Inwhat way do the enablers of coPM assist with solving the challenges of coPM?

RQ 5.3. What is the relative importance of challenges and enablers for coPM research
and practice?

5.3.11 Overall research agenda. Overall, this leads to the following research agenda for coPM
(see Table 7). Building upon an understanding of the uncertainty sources, research can
develop targeted coordination mechanisms that assist organizations in adopting coPM and
handling the information processing needs caused by the uncertainty sources. In addition,
future research can contribute to various theories applied in IS and thereby advance our
theoretical understanding of the dynamics in coPM. Finally, empirical research on the
performance of coPM will shed light on the value-creating mechanisms in coPM while
investigating challenges and enablers that will assist practitioners in the adoption of coPM.

5.4 Limitations and contvibutions

5.4.1 Limitations. Though we followed the guidelines of Vom Brocke et al. (2009) and Webster
and Watson (2002) including determining a search string and identifying the relevant
databases, the selection and conceptualization of publications are to some extent always prone
to the authors’ subjectivity. Our articles range from various conferences and journals within
IS, BPM and CS research. Hence, they may differ in the quality and rigor of the research
conducted. However, we decided to treat every article as equally important to fully understand
the current state of knowledge on coPM. Also, our manuscript represents the current state of
knowledge on coPM at the time of conducting our literature review and is, thus, limited to the
published articles at that time. As coPM is an emerging topic, we expect that reperforming this
literature review in the medium-term future, once more socio-technical artifacts have been
developed, practical adoption has increased, and scientific articles have investigated
successful real-life coPM relationships, will be valuable. Furthermore, the revealed
challenges and enablers are solely drawn from the literature as we did not combine the
literature review with additional empirical research methods (e.g. conducting interviews with
PM vendors, adopters and consultancies, or performing field studies). Thus, they require
further empirical evaluation and enhancement. As our search for practitioner-oriented
resources (e.g. blogs on PM or white papers from vendors and consultancies) did not yield any
valuable results, we focused our analysis on scientific coPM literature. Once more practitioner-
related information is published in the future, we expect that these articles can supplement the
information provided in our article. This also holds for concepts from related disciplines
(e.g. information sharing in supply chains) that we have not included in this manuscript.
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Structural mechanisms
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121
122
123
131
132
133
1.34
141

142

221

222
231
232
233
234

235

Which sources of environmental uncertainty are present in coPM
projects?

How do heterogeneous/homogeneous environments of multiple
organizations impact coPM?

How do stable/dynamic environments of multiple organizations
impact coPM?

Which sources of partnership uncertainty are present in coPM
projects?

How does goal compatibility/trust/power dependence between
multiple organizations influence coPM?

How does goal compatibility/trust/power dependence evolve over
time and thereby change its impact on coPM?

Which processes and industries have to handle task uncertainty, in
which situations?

How does task analyzability impact coPM, especially for exploiting
commonalities?

How does task variety impact coPM, especially for exploiting
commonalities?

How does task interdependence impact coPM, especially for
collaborative scenarios?

‘What are the interdependencies between environmental,
partnership, and task uncertainty?

How do the interdependencies between uncertainty sources
influence coPM?

Which roles, including their responsibilities, exist in coPM
projects?

Which tasks should be assigned to which participants in coPM
projects?

What are the circumstances that define the applicability of a
specific model for coPM project execution?

Which governance mechanisms assist with coPM in what
situations, under which circumstances?

How can a specific governance mechanism be implemented in
organizations?

‘Which circumstances promote and hamper the socio-political
atmosphere of coPM in terms of the dimensions of conflict,
cooperation, and commitment?

How can organizations influence the socio-political atmosphere of
coPM to increase the ability to liberally share information?

How can coPM techniques for navigation (Explore, Predict, and
Recommend) be advanced?

How can real-time coPM techniques be advanced?

‘Which requirements for advancing coPM techniques can be
unraveled by empirically investigating and comparing multiple
coPM techniques?

Which coPM technique should be applied by organizations in
which situations?

How do coPM techniques assist with handling environmental,
partnership, and task uncertainty?

(continued)




Area Research question

Fit between needs and 31 How can the information processing needs originating from the

capabilities presence and interplay of different uncertainty sources be
determined for an inter-organizational relationship conducting
coPM?

3.2 How can the information processing capabilities originating from
the deployment and interplay of different coordination
mechanisms be determined for an inter-organizational relationship
conducting coPM?

3.3 How can the fit between information processing needs and
capabilities be determined for an inter-organizational relationship
conducting coPM

Performance 41 Which insights and value potentials can be created through the
application of coPM?

4.2 How does the application of coPM lead to the creation of business

value?
Challenges and enablers of coPM 5.1 What challenges and enablers can be revealed through empirical
research?
52 In what way do the enablers of coPM assist with solving the
challenges of coPM?

5.3 What is the relative importance of challenges and enablers for
coPM research and practice?

Source(s): Table by authors
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Table 7.

5.4.2 Theoretical contributions. We show that past literature on coPM focused mainly on
technical aspects and provide a comprehensive summary of existing articles relevant for every
researcher willing to engage with coPM by providing an overview of already developed
approaches (technical and socio-technical) and by raising awareness for challenges and enablers
that are involved in coPM application. Thus, researchers can build on the synthesized
knowledge presented in this paper and further take the list of existing papers on coPM as a
starting point to identify relevant coPM articles for their own research project. Further, we lay
the foundation for future research on coPM building upon a new, socio-technical perspective,
grounded in the IOC framework. The research agenda and the research framework emphasize
the importance of a strong cooperation between research and practice. While proactively
developing coordination mechanisms may help organizations with coPM adoption, researching
successful coPM applications is necessary to understand how coPM can lead to the creation of
business value. Overall, we therefore contribute cross-disciplinary to IS, BPM and CS literature.
5.4.3 Practical contributions. We believe that our article will also serve organizations as
one great starting point for engaging with coPM. An awareness of the specific technical and
non-technical challenges and enablers assists in anticipating and managing implementation
hurdles, while the presented techniques and socio-technical artifacts assist with coPM
adoption and implementation. Furthermore, the two main areas of our future research
framework (uncertainty sources and coordination mechanisms) can guide organizations that
initialize and conduct coPM by raising awareness for two important aspects that influence
the success of a coPM endeavor: “What uncertainty sources are present in my coPM
relationship?” and “What coordination mechanisms do we need to establish?”.

6. Conclusion
PM is an emerging technology with enormous potential for implementation in a cross-
organizational setting where it is underrepresented (Thiede ef al, 2018) despite the high level
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of interest within the PM community (Martin et al, 2021; Reinkemeyer, 2022; Rott and Bohm,
2022a). It is against this background that we present our assessing literature review (Leidner,
2018). We have synthesized existing information about coPM according to the dimensions of
the IOC framework (Bensaou and Venkatraman, 1996) and conclude that we lack a profound
theoretical understanding of coPM. Past research is highly dispersed and mainly focused on
coPM techniques for data pre-processing, process model discovery, and coPM based on
historic event data, while uncertainty sources impacting coPM were mostly neglected.
Furthermore, our results indicate that PM technology is not the primary reason it lacks
practical application across organizations. Instead, it is because of new challenges, ranging
from low-level ones, such as how to integrate distributed data of varying granularities, to
high-level difficulties, such as aligning different strategies to incentivize firms to share their
data and collectively analyze business processes. Accordingly, we present a framework for
future research that comprises four steps to fully understand the dynamics of coPM and
foster practical adoption. First, researchers and practitioners need to deeply understand the
uncertainty sources present in coPM. Second, coordination mechanisms (structural, process
and IT-mediated) can be designed, developed and evaluated that assist in handling the
uncertainty sources of coPM. Third, the fit between the information processing needs and
the information processing capabilities can be investigated to understand which and how the
coordination mechanisms assist with handling uncertainty. Fourth, the performance of coPM
and its impact on the performance of the cross-organizational relationship can be analyzed in
order to understand how PM across organizational boundaries leads to the creation of
business value and to determine value potentials for practitioners.

Notes

1. The PM activity “Diagnose” doesn’t directly use event logs or requires specific techniques as it
focuses on the manual analysis of process models (van der Aalst, 2016). Hence, it is not included in
our summary on coPM techniques.

2. https://gdpr.eu
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Appendix 1
As it can be seen from Figure A1, mostly three to six articles were published per year since 2009, thus
indicating a constant relevance of this topic.

By restricting our attention to the publications analyzing cross-organizational data (see Figure A2)
and distinguishing between the type of coPM, as described in Section 2.2 (collaboration and exploiting
commonality), we see more publications on collaboration (29) than on exploiting commonality (15).
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Figure A2.
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according to evaluation
data type and

coPM type
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Especially when looking at the past five years, where no article on exploiting commonalities was
published. Both variants also more often use real than artificial data for evaluation purposes (Exploiting
commonality: 11/4; Collaboration: 17/12). Real data refers to data drawn from information systems
implemented in practice, whereas artificial data is data generated manually or through simulation.
Although there was one very early publication on PM in 2003 that motivated the relevance of PM in the
cross-organizational scenario of a supply chain (Maruster et al, 2003), it was only in 2008 that the first
paper that used real data for evaluating PM was published.

Overall, this distribution resembles the empirical and non-empirical PM publications identified and
published in a systematic literature review by Thiede ef al (2018), who notes an increase in publications
after 2009, with a peak in 2015.

Appendix 2

Table Al shows all articles that were identified within our literature search including their outlet and the
assigned categories of the IOC framework. Articles without an assigned category of the IOC framework
focused on presenting challenges and scenarios of coPM.

The articles were assigned to a category if they matched the following description:

Environmental uncertainty: The article describes aspects of environmental uncertainty (market
conditions influencing the inter-organizational relationship) in cross-organizational PM scenarios.

Partnership uncertainty: The article elaborates on partnership uncertainty factors (goal
compatibility, trust and power-dependance) present when applying PM across organizational
boundaries.

Task uncertainty: The paper contains information about uncertainties regarding tasks being part of
the process to be analyzed with PM.

Structural mechanisms: The article covers how the inter-organizational relationship is structured
using, for example, roles and responsibilities or stepwise approaches on how coPM should be conducted.
For the latter, the requirement is that multiple techniques are combined or structured in a new way and
the whole process of coPM is conducted, not only one-step of the process (e.g. data integration).

Process mechanisms: The paper contains information about the socio-political atmosphere present
in the coPM relationship.

IT-mediated mechanisms (coPM): Article uncovers new technological solutions, frameworks and
algorithms assisting with coPM.

Performance: Article states how the usage of coPM impacted the organizations’ performance.
Articles which provided transparency on the performance, despite not revealing any performance
impact, where partially assigned to this category, indicated through an “(X)” in Table Al.
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