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Abstract

Business processes are subject to regulations, and complying with them is crucial to
organizational success. To monitor regulatory compliance at run-time, conformance
checking approaches compare process executions with a to-be process model.
However, a mismatch often arises between process models and regulations that
affect the process: models may impose too many constraints (i.e., overspecification)
or fail to adequately capture regulatory requirements (i.e., underspecification). In this
paper, we investigate this mismatch by developing a taxonomy of regulations for
business processes, aiming to facilitate the application of conformance checking for
run-time compliance monitoring. We evaluate the taxonomy through focus group
meetings and an illustrative scenario. Using the taxonomy, we identify practical
needs as well as existing scientific support for compliance checking of regulations for
business processes. By contrasting these perspectives, we derive directions for future
research and propose a novel view on the requirements for process modeling and
conformance checking to enable holistic compliance monitoring in organizational
practice.

Keywords Business process compliance, Process mining, Conformance checking,
Regulations, Taxonomy

Introduction

Business processes form the organizational core of modern organizations by structuring
their everyday operations (Vom Brocke and Mendling 2017). These processes are sub-
ject to an increasing number of regulations, which, for example, ensure the protection
of customer data (Zaman et al. 2019), prevent fraud in internal transactions (Jans et al.
2011), or reduce accidents caused by human error (Liang et al. 2021). Because violating
regulations risks, e.g., legal and financial penalties, reputational damage, and operational
disruptions (Hashmi et al. 2018; Lépez et al. 2020), many organizations use compliance
checking to ensure that business processes comply with all relevant regulations (Gover-
natori and Sadiq 2009). Traditionally, compliance checking relied on designing compli-
ant business process models (design-time compliance), but because processes are rarely
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executed exactly according to their design, current compliance checking approaches
focus on the process execution, hence enabling run-time compliance (Hashmi et al.
2018).

One approach for monitoring the execution of business processes is by means of
process mining, a family of data analysis techniques meant to gain insights on process
behavior by analyzing process event logs extracted from enterprise information systems
(van der Aalst 2012). A well-established sub-discipline of process mining is conformance
checking, which compares individual process instances, as captured by traces in an event
log, with the prescribed behavior of the process, as captured in a process model (Car-
mona et al. 2018). This process model can be either imperative, specifying the regulation
by describing the allowed process behavior (Dunzer et al. 2019), or declarative, specify-
ing the regulation by imposing rules to be followed (Borrego and Barba 2014). Based on
this input, conformance checking reveals where a process instance aligns with or devi-
ates from the process model, e.g., by skipping the execution of an activity.

Conformance checking is often promoted as an automated approach to run-time
compliance checking (Carmona et al. 2018), for which it has been successfully applied
(Accorsi and Stocker 2012). However, there is evidence that conformance checking is
not widely deployed in organizations (Carmona et al. 2018, p.263) and that compliance
is often checked manually (Ly et al. 2015, 2026). One reason for this lack of adoption
might be the evident mismatch between regulations and process models (Borrego and
Barba 2014): On the one hand, regulations typically do not prescribe every aspect of the
process, such that a model overspecifies the prescribed process behavior. On the other
hand, regulations might concern process perspectives other than the control flow and
expect different behavior for different process contexts, which the process model cannot
adequately express, such that it underspecifies the prescribed process behavior. As an
example, consider the General Data Protection Regulation (GDPR), which regulates the
handling and storing of personal data during process execution. Ensuring process com-
pliance with GDPR was found to be challenging (Zaman et al. 2019): Individual process
instances may not violate GDPR rules, but the data is handled and stored across multiple
process instances and business processes, thus underlining the inadequacy of expressing
a relevant regulation within a single process model.

In this paper, we investigate this mismatch between regulations that relate to busi-
ness processes and process models, aiming to facilitate the application of conformance
checking for run-time compliance checking in practice. Thereby, our goal is to develop
a novel view on what type of regulations are relevant for business processes, which we
refer to as business process regulations for brevity. To do so, we answer the following
research questions:

RQ 1 How can business process regulations be structured and characterized?

RQ 2 What are the practical needs for compliance checking of business process
regulations?

RQ 3 How does the state-of-the-art in conformance checking support compliance
checking of business process regulations?

To answer RQ1, we develop a taxonomy that structures and characterizes the regula-
tions to which business processes must comply. This taxonomy is evaluated using a two-
sided approach with established evaluation methods: (1) Focus group meetings, which
assess whether users are able to classify and describe regulations based on our taxonomy,
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and (2) an Illustrative scenario, which classifies and describes the EU Taxonomy for Sus-
tainable Activities based on our taxonomy. We then put the taxonomy into action by
using it on existing business process regulations to determine practical needs for com-
pliance checking of business process regulations, thus answering RQ2. Following that,
we examine the support of the state-of-the-art in conformance checking techniques for
business process regulations by determining which types of regulations can be checked
with which techniques, thus answering RQ3. Based on that, we derive research gaps and
create an agenda for future research.

To answer these research questions, this paper first provides background on processes
compliance and conformance as well as taxonomies in Sec. 2. After introducing the
research method in Sec. 3, it presents the development of the regulation taxonomy in
Sec. 4. Following that, the taxonomy in evaluated in Sec. 5 and it is put into action in
Sec. 6 to identify practical needs and the current support of the conformance checking
state-of-art for compliance checking in business processes. Based on that, it discusses
differences between support and needs and derives avenues for future research in Sec. 7.

Finally, the paper is concluded in Sec. 8.

Background
This section provides the necessary background. We first elaborate on compliance and
conformance checking. After that, we outline context with respect to taxonomies.

Process compliance & conformance checking

Compliance checking Business processes exist within an organizational and societal
context, so they must comply with specific regulations (Governatori and Sadiq 2009).
We understand regulations to be constraints, prescriptions, or agreed-upon norms to
the execution of a process that are imposed by a process-external governing body. This
body can be external to the organization, e.g., a legislative authority, or internal, e.g., an
ethics board. Regulations typically exist as unstructured textual documents, such that
checking the compliance of business processes requires manual interpretation (Gover-
natori and Sadiq 2009).

Process compliance checking (Klessascheck and Pufahl 2026) is the operation to
ensure that business processes are executed in accordance with a normative document
regulating the process domain. Traditionally, compliance checking approaches have
used process models (design-time compliance) (Hashmi et al. 2018). However, as pro-
cesses typically do not follow their design exactly, run-time compliance, where process
execution data is used to actively monitor how business processes comply with regula-
tions, becomes more relevant (Klessascheck and Pufahl 2026). As shown in Figure 1,
this requires operationalized rules, resulting from manual interpretation of the regula-
tions, and an event log from the process execution. To structure the compliance check,
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Fig. 1 Run-time compliance checking with conformance checking and its inputs
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some works break down regulatory requirements into business- and process-relevant
ones, as well as those relevant for the business, for the process, for a sub-process, and
for tasks (Sai et al. 2024). Nevertheless, the practical application of run-time compliance
checking still faces challenges (Pufahl and Rehse 2021).

Conformance checking Business processes are often supported by information sys-
tems, which record data on individual process executions in event logs, i.e., collections
of process events, where events that belong to the same process execution form a trace
(van der Aalst 2012). Event logs can be analyzed by means of process mining (van der
Aalst 2012). Conformance checking, one key operation of process mining, compares the
process execution, as captured in the event log, with a normative process model describ-
ing the intended process behavior (Carmona et al. 2018). The output of conformance
checking is usually a fitness value, which quantifies the degree of conformance between
log and model, and a list of trace-specific deviations from the model (Carmona et al.
2018; Klessascheck and Pufahl 2026). Conformance checking offers two different types
of approaches (Dunzer et al. 2019): Imperative methods use imperative process models,
such as BPMN or Petri Nets, whereas declarative methods use declarative models. Most
conformance checking approaches focus on the control-flow perspective of business
processes, i.e., executed activities and their order. Exception are approaches that, e.g.,
allow to check data rules in parallel to control-flow rules specified in imperative process
models (Alizadeh et al. 2018) and that checks multiple perspectives specified as declara-
tive rules (Burattin et al. 2016). Recently, some approaches utilize the ability of Large
Language Models (LLMs) to comprehend natural language in order to generate process
models from textual descriptions (Leonardi et al. 2025; Grohs et al. 2023). The generated
process models can then be used for conformance checking. Similarly, some ideas also
utilize LLMs to check design-time compliance of process models (Barrientos et al. 2026).

Taxonomies

A taxonomy allows researchers and practitioners to disentangle complex relationships
among concepts and structure their analysis. It consists of dimensions and correspond-
ing characteristics, which classify the object of interest. For that, each object is assigned
one characteristic in each dimension (Nickerson et al. 2013; Kundisch et al. 2022).
Although conceptualizations of objects in taxonomies cannot be assigned an unam-
biguous truth value, they support the development of associated research. For example,
they help to describe, understand, and explain the state of research on a descriptive level
(Livari 2007). Based on that, researchers and other users can develop ideas on the pre-
scriptive level that indicate a desired state in the domain of interest. Taxonomies have
been developed and applied in information systems (IS) research, but also in busi-
ness process management (BPM) and process mining research. We elaborate on these
research directions in the following.

Taxonomies in IS In IS, multiple taxonomies with differing focus have been proposed.
These taxonomies categorize more abstract concepts like business models in Industry
4.0 (Weking et al. 2020), but also concrete concepts like smart objects in the “internet
of everything” (Langley et al. 2021). Other taxonomies categorize research and industry
perceptions of data quality management (Sadiq et al. 2011) or design science research
outcomes (Bruls and Winter 2025). All these taxonomies try to comprehend and
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structure complex, non-process-related concepts to make them more attainable, offer-
ing a conceptual foundation for research and practice.

Taxonomies in BPM Further research has developed BPM-related taxonomies. Most
prominently, business processes themselves are classified by taxonomies, using gram-
matical metaphors (Pentland 1995) or proposing frameworks like the Process Classifica-
tion Framework (2019). Other works analyze how (well) individual BPM concepts are
implemented in organizations (Bucher and Winter 2010), classify real-life use cases for
BPM projects (Vom Brocke and Mendling 2017), or describe process improvement and
innovation systems (Fehrer et al. 2025). Further, BPM patterns are categorized (Fellmann
et al. 2019). Additional taxonomies refer to process modeling techniques (Giaglis 2001)
or to specific topics like blockchain in business process enactment (Stiehle and Weber
2022). Although these works do focus on processes, they are not using data-driven pro-
cess mining concepts.

Taxonomies in Process Mining Finally, various taxonomies relate to process mining.
For example, some works analyze patterns in process discovery and modeling (Bose and
van der Aalst 2009) and options for event abstraction (van Zelst et al. 2021). Other tax-
onomies categorize knowledge extraction methods for activity recognition (Mannhardt
et al. 2018) or structure educational process mining to derive a research agenda (Wamb-
sganf$ et al. 2021). One work classifies analysts’ questions in process mining analyses
(Zimmermann et al. 2025), whereas other research focuses on biases and intervention
in process mining (Revoredo et al. 2025), or on process mining use cases (Eggers et al.
2023).

More related to our work, two taxonomies have been developed with respect to con-
formance checking: The first categorizes tasks that can occur during conformance anal-
yses, aiming to assess the analytical purposes of currently available visualizations for
conformance checking (Rehse et al. 2026). The second goes beyond the underlying tasks
and directly characterizes available visualizations in order to facilitate a structural com-
parison of visualizations across tool vendors and software solutions (Hédge and Rehse
2025). Both of these conformance checking taxonomies do not consider whether the
applied conformance checking tasks and visualizations can be used to check compliance
to concrete regulations. The work closest related to ours presents a taxonomy for busi-
ness rules and derives insights for compliance checking (Caron et al. 2013). However,
this work only focuses on declarative rules and does not consider how underlying (pos-
sibly textual) regulations are interpreted to define these declarative rules.

Although several taxonomies have been developed in the realm of business processes,
none has investigated process regulations. However, there is a diverse and large set of
regulations which are relevant for business processes. Their properties and charac-
teristics can be differing, which is why a taxonomy could help to characterize regula-
tions. This would enable users to not treat all regulations equally, but rather differentiate
between them when developing and applying conformance checking techniques for
checking run-time regulatory compliance. In this paper, we aim to develop a corre-
sponding taxonomy to close this research gap.
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Taxonomy development method

In this section, we describe the method we used to develop a taxonomy for business
process regulations. This taxonomy classifies these regulations using a set of n dimen-
sions, D;(i = 1,...,n), where each dimension consists of k; > 2 mutually exclusive and
collectively exhaustive characteristics C;;(j = 1,. .., k;) such that each considered regu-
lation has exactly one C;; for each D; (Nickerson et al. 2013). We note that only the
final version of the taxonomy fulfills these characteristics whereas intermediate versions
might not.

To develop the taxonomy, we use the method introduced in (Nickerson et al. 2013)
and updated in (Kundisch et al. 2022). First, we introduce a comprehensive meta-charac-
teristic that guides the choice of characteristics in the taxonomy, and define ending con-
ditions for the development process as well as evaluation goals. After that, the taxonomy
is developed iteratively, where each iteration is either using an empirical-to-conceptual
approach (i.e., identifying new regulations and then creating or revising dimensions and
characteristics based on them) or a conceptual-to-empirical approach (i.e., conceptual-
izing dimensions and characteristics and then examining regulations for them). The tax-
onomy development is finished if the ending conditions are met after any iteration. For
our business process regulation taxonomy, we iterate three times (see Fig. 2). The first
two are empirical-to-conceptual, where the first iteration identifies new business process
regulations from a systematic literature review (SLR) and the second iteration identifies
new business process regulations based on semi-structured interviews. The third itera-
tion is a conceptual-to-empirical control iteration to fulfill the ending conditions.

Meta-characteristics, ending conditions & evaluation goals

To start the development of a taxonomy for business process regulations, we define our
meta-characteristics, ending conditions, and evaluation goals. As the meta-characteris-
tic must be aligned with the purpose of the taxonomy, we define it as the differentiating
properties of business process regulations that influence how the run-time compliance
of a process with the regulation is checked. This should be independent of the concrete
technique used for the check. As ending conditions, we choose the objective and subjec-
tive conditions from (Nickerson et al. 2013): All objects have been examined, no objects,
dimensions, or characteristics were changed in the last iteration, and every dimension
and characteristic is unique (objective). Also, the taxonomy is concise, robust, compre-
hensive, extendible, and explanatory (subjective). Finally, we set a clear scope by defining
evaluation goals (Kundisch et al. 2022). To align with meta-characteristic and purpose,
we use “describing” and “classifying” as evaluation goals (Kundisch et al. 2022). Thus, the

1% Iteration: SLR 2" |teration: Semi-Structured 31 Iteration: Control
Interviews
. -Ck istil
. 'szt.a Conditi SHES Identify regulations from Identify regulations from Conceptualize characteristics
nding N onditions literature interviews and dimensions
 Evaluation Goals
v 2 v
Identify common Identify common Ensure no needs for changes
characteristics of regulations characteristics of regulations in regulation characteristics
Y Y Y
Group characteristics into Group characteristics into "
N N N N Set final taxonomy
dimensions dimensions

Fig. 2 Taxonomy development method
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evaluation should show that the taxonomy allows to describe and classify properties of
business process regulations with influence on run-time compliance checking.

Iteration 1: systematic literature review (SLR)

In the first iteration, we conduct a systematic literature review to identify the subset of
objects, i.e., business process regulations that are referred to in the scientific literature.
Our guiding objective is the identification of regulations that are applied for run-time
compliance checking in scientific literature. For this, we utilize an existing literature
review from our previous work (Klessascheck and Pufahl 2026) that reviewed uses of
regulatory compliance monitoring of business processes. In that study, we identified 58
studies where conformance checking and other data-driven techniques were applied for
checking the regulatory compliance of business processes. Our review covered studies
published over the course of 15years, where compliance monitoring was applied in 15
domains, such as healthcare, manufacturing, finance, and public services. Thus, the lit-
erature identified encompassed a broad spectrum of regulations which relate to business
processes. In addition, drawing on the existing literature review allows us to focus on
concrete considerations of the way regulations are used in compliance checking, beyond
focusing on more abstract, technical aspects related to conformance checking tech-
niques and their application—the latter already being covered in our previous review.

To identify relevant regulations, we take the following two steps. First, we update the
literature review to consider all existing literature up to the time of writing, as the previ-
ous search was only conducted until May 2024 (Klessascheck and Pufahl 2026). Second,
we derive regulations from all identified literature. This is necessary since the existing
review focused on how compliance checking has been used rather than which regula-
tions were checked. Therefore, we synthesize the underlying regulations from the identi-
fied literature.

Figure 3 illustrates this two-step procedure. In addition to the previously identified
58 studies, we identify 18 relevant studies between June 2024 and October 2025. After

Previous SLR by
Klessascheck & Pufahl

b 4

Identified studies until
May 2024 (n=58)
D 4
Updated SLR from } All identified studies Duplicated studies
Jun 2024 to Oct 2025 (n=76) (n=3)
. 4
Regulation coding of 73 } Candidate regulations Duplicated regulations
remaining studies (r=122) (r=31)

b 4

Identified regulations
(r=91)

Fig. 3 Regulation identification from systematic literature review
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removing duplicates, we are left with 73 studies. From these studies, we derive all named
regulations with which compliance was considered relevant. We search for explicit ref-
erences towards constraints posed upon business processes and their origin, to identify
process-external regulations. In some studies, references are explicit, e.g., a specific law
(Zaman and Hassani 2020). In other studies, the origin is not mentioned, and only the
constraints are provided, e.g., a set of medical guidelines is used without providing the
concretely used guidelines (Chikka and Karlapalem 2020). This makes an investigation
of the actual text of the regulation for classification purposes difficult, meaning that we
have to draw conclusions about the regulations based on how they were utilized and
described by the authors. This results in 91 unique regulations. Due to differing levels
of detail and explicitness across studies, these regulations constitute different levels of
granularity: They range from very detailed ones like the 4-eye-principle to high-level
ones like the GDPR.

Iteration 2: semi-structured interviews

In the second iteration, we conduct semi-structured interviews to identify an addi-
tional subset of objects, i.e., business processes regulations that are used in practice.
These interviews can be defined as conversations that have “the purpose of obtaining
descriptions of the life world of the interviewee in order to interpret the meaning of the
described phenomena” (Kvale and Brinkmann 2009) and are one of the main methods
of data collection in qualitative research (Adams 2015). Semi-structured interviews are,
in the setting of our study, a suitable method to identify regulations relevant in organi-
zational practice, as they allow domain experts to communicate their knowledge about
their processes in detail. Thereby, we maintain flexibility with respect to follow-up ques-
tions in case we as researchers need more information to assess the regulation.

To conduct the interviews for the second iteration, we decide to focus on a single pro-
cess to complement the broad range of regulations identified in the SLR with a high level
of detail derived from one exemplary process. Essentially, after addressing breadth in the
first iteration, we now address the depth of process regulations. In addition, focusing on
one process ensures the comparability and basic cohesiveness of our results. For this, we
select the purchase-to-pay (P2P) process as an exemplary practical case and interviewed
domain experts with experience in procurement. The P2P process is highly regulated,
essential for almost all organizations, and includes various internal and external stake-
holders, such that it allows for diverse interviewees and, presumably, a wide range of
regulations to be identified in the interviews. We interview 11 participants with vari-
ous backgrounds (2 from healthcare, 7 from manufacturing, one from finance, one from
software development). For the interviews, we develop an interview guide,’ based on
(Adams 2015). This guide first ensures a common understanding of what process com-
pliance means. Then, it comprises specific questions about relevant regulations and their
consequences for the P2P process. The interviews are conducted in person or via Zoom
and we transcribe them afterwards. In these transcripts, we search for references to pro-
cess regulations. Most of these references are explicit because we directly included cor-
responding questions in our guide. However, some interviewees also implicitly mention

relevant regulations. Both execution of the interviews and initial regulation coding is

!https://figshare.com/s/6829328b1fea23461ce2
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performed by one author, after which a second author checks the transcripts for missed
regulations. Thus, we are able to assess which business process regulations are relevant
in a P2P process.

Iteration 3: control

In the final iteration, we do not identify new regulations, but rather conceptualize the
previously defined characteristics and dimensions, with the option to adapt them if nec-
essary. After extensive discussions in the author team, we do not change any objects,
dimensions, or characteristics in this iteration. Further, all dimensions and character-
istics are unique. Because we also consider the subjective ending criteria to be met, we
find the taxonomy to be sufficient and hence final.

Taxonomy development results

In this section, we present the resulting taxonomy that differentiates business process
regulations with respect to their influence on run-time compliance checking. To do so,
we apply the described method using the defined meta-characteristic and ending condi-
tions, thus answering RQ1.

Iteration 1: systematic literature review

In the first iteration, we identify 91 unique business process regulations, which range
across a wide spectrum of processes and domains (e.g., medical treatment procedures
for various diseases, data protection regulations, construction law in public services)
and differ in how they are applied for conformance checking (e.g., some are translated
to Petri nets with data, others to LTL rules). The full list is available online.* Analyzing
these regulations, we find three dimensions to be relevant for the taxonomy: the pro-
cess perspective, i.e., the process properties which the regulation concerns, the type, i.e.,
the origin and bindingness of the regulation, and the domain, i.e., the area in which the
regulation holds.

We find the process perspective to be subdivided into five characteristics. The first four
characteristics are control-flow, data, time, and resource, which are the typical process
perspectives considered in process mining. An additional perspective, which we call
multi, refers to regulations that consider more than one perspective. For example, in
(Accorsi and Stocker 2012), auditing regulations are checked along all process perspec-
tives in conjunction. This “multi” characteristic leads to a certain amount of informa-
tion loss as it abstracts from which perspectives said multiple characteristic arises. For
instance, regardless of whether resource and time or control-flow and data are consid-
ered, multi is chosen. We still believe that this is necessary to technically create mutually
exclusive characteristics although one characteristic combines others.

Further, we find that business process regulations differ in their legal characteristics
and origin. With relevance for the application of conformance checking, we distinguish
between laws, standards and guidelines as the three types of business process regula-
tions (cf. Fig. 4): (1) Laws are mandatory rules, have a legislative character and originate
from legislative bodies. (2) Standards, as opposed to mandatory laws, refer in a broader
sense to self-imposed instruments that encourage the achievement of certain objectives

%https://figshare.com/s/e1137c8870bac5df7648
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without specifying the actions required to achieve them. This also includes typical busi-
ness rules that organizations utilize to avoid negative consequences or to realize poten-
tial for process improvement. A prominent example for this is the 4-eye principle. (3)
Guidelines, as opposed to standards, are commonly not self-imposed but function as a
recommendation of best practice to promote consistency across different organizations
and are usually more flexible in their application. The type influences the compliance
check, as business process regulations that originate in standards or guidelines may be
optional, which the check must consider. Further, the flexibility of guidelines influences,
e.g., the desirability of deviations. The distinction between guidelines and standard is
thereby based on who imposes the regulation, which essentially determines whether a
regulation is binding. On the one hand, standards are defined explicitly and outline how
the organization intends to achieve objectives. This makes standards binding in most
cases to align with internal rules. On the other hand, guidelines refer to experiences
from outside the organization that could potentially also help it to achieve the objec-
tives; they have, however, not been adapted explicitly in form of internal rules. This
makes guidelines less binding than standards as no explicit rules have been adapted by
the organization. Subsequently, guidelines can be transformed into standards if an orga-
nization explicates that it imposes a previous guideline on a process.

Finally, the domain refers to the specific business area in which the regulation holds.
In the literature, we find the domains data processing, customer services, human
resources, supply chain, construction, education, trade, rent, law, finance, healthcare,
IT service management (ITSM), manufacturing, nuclear industry, public services, sci-
ence, and software to be used as characteristics for this dimension. This dimension is
relevant because the domain of the process influences the nature of the regulation. For
example, in some domains, deviating behavior is explicitly part of the regulation and, to
some degree, desirable, whereas in other domains, deviations must always be avoided.
For example, in healthcare, physicians are allowed to take actions that are normally pro-
hibited by the relevant treatment guidelines, due to the complexities and specific cir-
cumstances of individual medical cases (Bottrighi et al. 2012).

Table 1 shows the taxonomy after the first iteration.
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Table 1 Taxonomy after iteration 1 including three dimensions

Dimensions Process Perspective Regulation Type Domain
Characteristics Control-Flow Law Data Processing Software
Data Standard Public Services Science
Resource Guideline Healthcare Finance
Time Nuclear Industry [TSM
Multi Manufacturing Education
Customer Services Trade
Human Resources Rent
Supply Chain Law

Construction

Iteration 2: semi-structured interviews

In the second iteration, the 11 interviewees report 41 objects in the form of business
process regulations. The full list is available online.> All reported regulations relate to
processes, but some of them are only applicable to a subset of process instances with
specific data attributes (e.g., supervisor approval needed for purchase orders above a
value threshold). Some regulations are named by only one participant (e.g., CSSF out-
sourcing guidelines for purchases in the finance domain), but most of the regulations
are named by more than one interviewee (e.g., lead time constraints). From the reported
regulations, 21 are internal regulations imposed by the interviewee’s organization itself
and 20 are imposed externally (e.g., additional activities necessary for cases with suppli-
ers from Brazil). Additionally, the scope of the reported regulations differs significantly.
Some regulations like the application of the 4-eye-principle (i.e., “another colleague has
to approve my purchase orders” as one participant phrases) are very specific to process
instances, whereas, e.g., climate neutrality goals are a broad regulation referring to the
whole process and its context.

We analyze the 41 identified regulations with respect to the taxonomy’s state after the
first development iteration. As a first observation, the analysis confirms that the pro-
cess perspective differs between regulations. For instance, the application of the 4-eye-
principle refers to the resource perspective, whereas lead time constraints refer to the
time perspective. Further, some regulations in P2P processes refer to more than one per-
spective: Several regulations require additional activities in the control-flow for certain
values in data attributes, like purchase value of sourced good or purchase type. These
multi-perspective regulations indicate dependencies between process perspectives (e.g.,
as mentioned by one interviewee, additional approval activities for process instances
with purchase values of five million euro or more).

We also observe that regulations can be characterized by their domain. However, some
regulations are reported to be relevant by several interviewees from different domains.
For instance, the 4-eye-principle is applied in both healthcare and manufacturing.
Because the characteristics of dimensions have to be mutually exclusive, one regulation
can only belong to one domain. We therefore adapt the characteristics of the domain
dimension from the individual domains from iteration 1 (finance, healthcare, etc.) to
domain-specific, i.e., a regulation applies in one domain, and general, i.e., a regulation
applies in multiple domains.

Finally, regulations are confirmed to be characterized by their type. Regulations in the
form of laws are reported to be mandatory (e.g., import regulations). Several standards

Shttps://figshare.com/s/d4d328870d6a90111b82div
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Table 2 Taxonomy after iteration 2 including four dimensions
Dimensions Process Perspective Domain Regulation Type Business Perspective
Characteristics Control-Flow Specific Law Operational
Data General Standard Tactical
Resource Guideline Strategic
Time
Multi

are outlined to be non-mandatory in exceptional cases (e.g., suppliers on a blacklist can
be allowed if they are the only possibility to source a necessary good), and some guide-
lines based on best practices are classified as optional under certain circumstances (e.g.,
sourcing from only one single supplier to avoid dependency on the supplier can be com-
pliant if there is only one supplier fulfilling all product requirements).

Additionally, the domain experts illustrate that regulations influence business pro-
cesses on different scopes (or organizational levels): operational, tactical, and strategic.
We summarize this as the business perspective dimension. Its characteristics are often
used for decision-making or planning of, e.g., supply-chains, where the operational
level refers to short-term questions with specific character, the tactical level refers to
medium-term questions that link the operational questions, and the strategic level refers
to long-term questions with comprehensive character (Koliba et al. 2022). Transferred
to process regulations, this dimension structures which level of the process is governed
by the regulation, as illustrated in Fig. 5. An operational regulation describes a specific
requirement to be fulfilled by each process instance individually (e.g., application of the
4-eye-principle). A tactical regulation describes a requirement that does not relate to
individual process instances, but rather to the whole process (e.g., different process vari-
ants for purchases from foreign countries). A strategic regulation describes long-term
constraints for the business context of the process regarding who is allowed to partici-
pate in the process (e.g., supplier blacklists) or what strategic goals the P2P process has
to fulfill (e.g., climate neutrality goals). This dimension influences the compliance check
as it determines whether only the process instance, the whole process, or the process
including its business context should be considered. Through this, the perspective is
closely aligned with previous research findings (Sai et al. 2024).

Table 2 shows the taxonomy after the second iteration.
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Iteration 3: control

Since the ending conditions are not met in iteration 2 (we added new dimensions), we
re-iterate a third time and compared all objects from the SLR and the semi-structured
interviews. We find the dimensions and their corresponding unique characteristics to
be sufficient to categorize regulations, and thus do not add or modify any dimensions
or characteristics. Further, after an elaborate discussion of the meta-characteristic and
ending goals among the authors, we find the dimensions and their characteristics to be
concise (i.e., they are meaningful but not overwhelming), robust (i.e., they allow for dif-
ferentiation among regulations), comprehensive (i.e., all identified regulations can be
characterized), extendable (i.e., it can be extended if new regulations are identified), and
explanatory (i.e., they describe the nature of regulations). Thus, we meet all the ending
conditions we determined before commencing taxonomy development. Below, we eval-
uate these ending conditions in our evaluation experiments.

The result of the taxonomy can be summarized in a cube. Figure 6 visualizes this regu-
lation cube, which is able to characterize regulations that prescribe the to-be state of
a process. The dimensions of process perspective, business perspective, and type are
displayed as the edges of the cube. The dimension domain is represented by dividing
each cell into two parts, the lower left part indicating the characteristics specific and the

upper right part indicating the characteristics general.

Evaluation

After developing the taxonomy as described in Sec. 3, we evaluate it using a two-sided
approach with evaluation methods suggested by Kundisch et al. (Kundisch et al. 2022):
(1) Focus group meetings and (2) lllustrative scenario. In the following, we present both

methods, their setup, and evaluation results.

Focus group

The focus group meetings aim to check adherence to the evaluation goals defined in Sec.
3, i.e,, it should enable users to describe and classify regulations. In addition, we use the
insights from the focus group meetings to evaluate specific desirable taxonomy proper-
ties, as defined by Kundisch et al. (Kundisch et al. 2022): usefulness, correctness, appli-
cability, completeness, ease of use, simplicity, and understandability. In the following, we
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present setup and results of the focus group meetings, as well as changes to the tax-
onomy made based on them.

Setup
We now describe the setup of the focus group meetings regarding the participants, the
meeting structure, and the coding.

Participants We invite researchers and practitioners to two focus group meetings,
G1 and G2, with three participants each. We decide for this setup with relatively small
groups to facilitate in-depth discussion and greater participation from each member, and
to avoid social loafing (Tremblay et al. 2010). To recruit focus group participants from
our professional network, we use purposive sampling (Etikan 2016). Of the total of six
participants, four are researchers in the field of process mining and two are employees
from process mining tool vendors. We assure that all participants have expertise in con-
formance checking, process compliance, and process mining. Table 3 shows a detailed
overview of all participants in the two focus group meetings.

Meeting Structure Each meeting consists of three parts: First, the taxonomy’s moti-
vation and relevance is introduced, including a thorough description of the taxonomy
itself. Second, the participants are asked to apply the taxonomy to describe and classify
four regulations which were not part of the taxonomy development. Rather, we define
four additional regulations from the context of our work, thus aiming to investigate
whether it can be applied beyond the regulations we have already analyzed. These regu-
lations range from rather specific ones like a rule to avoid using planes for traveling pur-
poses to more broad ones like the European Union (EU)’s AI Act. The participants are
asked to discuss disagreements, express criticism of the taxonomy itself, think out loud,
and form a consensus among themselves. Finally, the participants receive an individual
survey link via an online survey platform* in which they are asked to rank the desirable
taxonomy properties (usefulness, correctness, applicability, completeness, ease of use,
simplicity, and understandability), as well as provide general feedback on the taxonomy.
We measure participants’ responses using a Likert scale with the following options:
strongly agree, agree, somewhat agree, neither agree nor disagree, somewhat disagree,
disagree, and strongly disagree. The meetings are conducted via Zoom in November and
December 2025 and lasted 47 and 48 minutes, respectively.

Coding The recordings of both focus group meetings are transcribed and analyzed.
For this analysis, we use a template coding approach (Mayring 2014) to align with the
taxonomy and its evaluation goals. The most important part of the focus group meet-
ings with respect to the evaluation goals is the application of the taxonomy to the four

Table 3 Participants in focus group evaluation meetings

ID Job Role Background Focus Group Duration (in minutes)
P1 Product Management Employee at Tool Vendor ~ G1 47

P2 Doctoral Student Researcher

P3 Doctoral Student Researcher

P4 Product Development Employee at Tool Vendor G2 48

P5 Doctoral Student Researcher

P6 Post-doctoral Researcher  Researcher

Average 475

*https://sosci.sowi.uni-mannheim.de
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regulations. We encode the descriptions and classifications of the regulations. With
respect to the desirable taxonomy properties, we are able to directly utilize the results of
the survey the participants filled out at the end of the focus group meetings. All material
from the focus group evaluation including presentation guideline, protocols, transcrip-
tions, and survey results are available online.®

Results

Overall, the participants reported that the taxonomy is able to describe and classify
process regulations, thus fulfilling the evaluation goals. However, they also pointed out
potentials for improvement. In the following, we present the results in detail, starting
with insights into the evaluation goals followed by insights into desirable properties.

Insights into Evaluation Goals All participants in the focus group meetings agreed
with the need for a regulation taxonomy and understood the perspectives. Thus, we
saw that experts in process mining and process compliance checking can adequately
describe and classify regulations, thus fulfilling our evaluation goals. The most critical
discussions in both focus groups related to the business perspective, which appeared to
be difficult to understand initially. After having analyzed a few regulations, this under-
standing improved, but the business perspective remained the dimension that sparked
the most intense discussion. One expert (P5) noted that the current naming is too close
to the wording used in decision making, where short-term, mid-term, and long-term
decisions are referred to as operational, tactical, and strategic, respectively. Thus, P5 sug-
gested that a renaming might be beneficial to improve clarity.

Convergence of Classifications Interestingly, the business perspective was the only per-
spective where the two focus groups diverged more than once in their assessments and
classified two regulations differently. Other than that, only one regulation was classified
as law in G1 and as standard in G2, whereas the other characteristics were classified
identical in both groups for all regulations. This convergence indicates that experts come
to similar judgments if they are familiar with the dimensions like domain or process per-
spective, whereas the business perspective is a novel perspective introduced only in our
work. A more detailed explanation and more experience with the business perspective
could help to mitigate this issue.

Difficulties in Taxonomy Application Participants confirmed the difficulties in clas-
sifying and describing both very fine-granular regulations such as avoiding planes for
traveling purposes and broad regulations like the EU AI Act in the same taxonomy. This
problem was also detected during taxonomy development when we aimed to classify
and describe the regulations from interviews and SLR. However, participants were able
to agree on a classification after in-depth discussions. A tendency thereby was to use a
more restrictive characteristic and, for example, characterize regulations as a law rather
than as a standard. In G2, the participants also stressed that a break-down into multiple
sub-regulations could be necessary for broad regulations like the EU AI Act.

Overall, both focus group meetings were able to apply the taxonomy and did not
report any major issues. Only minor differences were found between the classifications,
and even in these cases, the discussions in both groups yielded similar opinions. We can

®https://figshare.com/s/6d507f564111238b5c50; note that we make this available to reviewers, but aim to make it
only available upon request after potential publication due to privacy reasons.
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conclude that the taxonomy is applicable to different regulations with differing granular-
ity levels and can be used to classify and describe them.

Insights into Desirable Properties The responses of the participants with respect to
the desirable properties concentrated mostly on the lower end of the Likert scale, thus
indicating agreement. For usefulness, the ratings were consistently positive, with nearly
all participants selecting values “agree” or “strongly agree” This suggests that partici-
pants perceived the taxonomy as beneficial and relevant. The same trend with at least
an agreement is also visible for ease of use, pointing to an intuitive and straightforward
experience for the participants. Similarly, we also see that all participants agreed that the
taxonomy is understandable, with all participants giving positive feedback and only one
person that just agrees somewhat.

For simplicity, responses were the most positive ones, indicating that the structure and
workflow were perceived as clean and easy to follow. One participant mentioned that
the dimension Type is able to combine “important aspects such as bindingness or source
of origin in a meaningful way”. Applicability also shows a supportive pattern, with most
ratings in the positive range, reinforcing the impression that participants found the tax-
onomy suitable for classification and description of regulations.

Completeness remains generally well-evaluated too, but the presence of a few “some-
what agree” responses hints that participants may have perceived minor gaps or areas
needing elaboration. In this realm, participants from G1 stressed that they believe that
regional differences should be depicted as an additional dimension. One other partici-
pant from G2 wished to directly incorporate conformance checking techniques’ require-
ments in the dimensions — which is not aligned with the purpose of the taxonomy to be
independent of potential checking techniques.

Correctness presents the widest spread among the properties. While most participants
agreed that the taxonomy is conceptually sound, this outlier shows that one participant
questioned specific aspects. The participant justified this rating with issues with the
business perspective, also outlined above when discussing insights into evaluation goals.
Although this does not undermine the overall correctness of the taxonomy, especially
since other responses were extremely positive, it does indicate that further clarification
or justification may be beneficial.

Taken together, the responses convey a general endorsement of the taxonomy. The
consistently low medians across most scales confirm that participants largely agreed
with the presented concepts and found them useful, applicable, and easy to work with.
Only minor refinements appear necessary—primarily related to correctness—while sim-
plicity, ease of use, and usefulness stand out as clear strengths.

Summary and changes to taxonomy

Although the overall feedback from the focus group meetings was positive, some oppor-
tunities for improvement were mentioned. The main problem was related to the busi-
ness perspective. Here, renaming the dimensions’ characteristics has been pointed out
as an improvement opportunity from P5. However, only one participant outlined this
as a possibility, whereas we received positive feedback about the naming from all other
participants. Also, we believe that the similarity to the time horizons in decision making
to be a suitable analogy: the compliance window for a regulation can also be considered
short-term if it relates to a specific instance, mid-term if it relates to the whole process,
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and long-term if it relates to the complete business context. Thus, we decided to accom-
modate difficulties with this perspective through an elaborate description of it, in con-
junction with an improvement opportunity stressed by P4. In particular, we explicitly
describe now that the level of specificity associated to strategic, tactical, and operational
regulations directly determines how the regulations’ adherence can be checked. As
shown in Fig. 7, strategic regulations should be checked on organizational level, tactical
ones on process level (e.g., in the complete event log), and operational ones per instance
(i.e., per trace). We believe that this clarification helps to handle the business perspective
in more detail. In addition, experience with the taxonomy and the meaning of this per-
spective will lead to fewer issues with it.

With respect to the idea of adding regional differences as an additional dimension,
we decided not to incorporate it. One main reason is that the regional differences men-
tioned are rather political differences, e.g., EU Al Act is relevant for the EU, not Europe.
Further, it only outlines whether a regulation is relevant for an organization or not, but
does not describe or characterize the nature of it. Thus, it does not influence the run-
time compliance checking beyond an indicator of whether the regulation is relevant. For
these reasons, we discarded a regional perspective.

Another important improvement opportunity mentioned that documents with many
facets should be broken down into more sub-constraints. We believe that this is a very
relevant idea to overcome an issue that the authors also struggled with because large
documents are challenging to classify all in one. The focus groups also indicated a fall-
back option to use the most restrictive characteristic (e.g., law over standard) if the
document should be classified and described holistically. In other cases, we believe that
a pre-processing step can be helpful to first split large documents into smaller regula-
tion chunks and then use the taxonomy for these chunks. Since this does not change the
taxonomy itself, this improvement opportunity has mainly practical implications when
aiming to use the taxonomy in the future.

lllustrative scenario: EU taxonomy for sustainable activities
In the following, we apply the taxonomy to a regulation that was not part of the original
corpus of business process regulations during the first iteration of taxonomy develop-
ment. This allows us to further illustrate the taxonomy’s practical applicability.

One regulation that is increasingly relevant for a wide range of organizations and
their business practices is the EU Taxonomy for Sustainable Activities (European
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Commission: EU taxonomy for sustainable activities) (subsequently: EU Taxonomy).
The EU Taxonomy has been established with the goal of creating a clear classification
of when organizations and their practices contribute to a sustainable future, to curtail
continuing threats to the environment (Klessascheck et al. 2025, 2025). To do so, the EU
Taxonomy provides a range of criteria that determine for various economic activities—
different “families” of business processes (Klessascheck et al. 2025)—when they substan-
tially contribute to specific sustainability goals and when they significantly harm them.
Further, there are certain reporting obligations attached to the EU Taxonomy. They
require certain organizations to report their share of turnover, capital and operational
expenditure (CapEx, OpEx), which they generated with business processes that contrib-
uted to, and did not violate, sustainability goals (Klessascheck et al. 2025; McClellan et
al. 2023).

In terms of process perspective, the EU Taxonomy’s criteria for determining substantial
contributions and significant harm to sustainability goals cover all four process perspec-
tives. In a previous study (Klessascheck et al. 2025), we have already shown that indi-
vidual constraints of the EU Taxonomy relate primarily to the control-flow perspective,
but also to the data and resource perspective (Klessascheck et al. 2025). For example,
the business practice of constructing new buildings needs to ensure that buildings larger
than 5000 m? are tested for air-tightness and thermal integrity after finishing construc-
tion, after which deviations from previously agreed-upon levels subsequently need to
be disclosed to investors and clients. When the construction is located on a previously
contaminated site, an investigation for potential contaminants in accordance to rel-
evant standards is mandated. Here, we see control-flow constraints that prescribe spe-
cific activities and specific activity orderings (European Commission: EU taxonomy for
sustainable activities). Data and resource perspectives are also relevant here: Materials
and components coming into contact with occupants of the building must emit less than
a specific amount of formaldehyde; and 70% of the overall construction wase must be
prepared for re-use and re-cycling (European Commission: EU taxonomy for sustain-
able activities).® Hence, we classify the EU Taxonomy as a multi-process perspective
regulation.

Regarding the business perspective, we classify the EU Taxonomy as strategic. While, as
we have seen in the examples above, various constraints of the EU Taxonomy’s criteria
relate to individual instances of operational business processes, there are also constraints
that impose requirements on the business process’s context—for example, new buildings
being constructed must not subsequently be used for extracting, storing, transporting or
manufacturing fossil fuels in order for the building process to contribute to the sustain-
ability goal of “climate adaption” (European Commission: EU taxonomy for sustainable
activities); this clearly relates to the strategic level. In any case, the EU Taxonomy’s goal
of classifying when business processes can be considered sustainable pertains rather to a
strategic level since it relates to the complete process and its context.

©Note that while there are additional constraints relevant to the economic activity “Construction of new buildings”
(cf (European Commission: EU taxonomy for sustainable activities).) as well as a wide range of further economic
activities, these examples are not meant for completeness, but rather serve to illustrate the different process per-
spectives covered by EU Taxonomy constraints. Additionally, it is only possible to classify “broken down” chunks of
the EU Taxonomy relevant for the business practice of constructing new buildings, and not all relevant constraints
“at once’, as the EU Taxonomy is applicable to more than 80 different economic activities of various economic sec-
tors from construction to energy, manufacturing, and forestry, each with specific constraints (Klessascheck et al.
2025).
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Finally, the regulation ¢ype of the EU Taxonomy is a guideline. Ensuring that business
processes make substantial contributions to, and do not significantly harm, the EU Tax-
onomy’s sustainability goals—in other words, do not violate the EU Taxonomy’s con-
straints, is entirely optional (2021). The reason here is that the EU Taxonomy rather aims
to incentivize sustainable practices and investments into them, not to obligate adherence
to its criteria (2021; Schiitze and Stede 2024).

To summarize, the taxonomy we developed in this paper is also applicable to further
regulations not initially considered in its development: We can classify the EU Taxon-
omy as an illustrative example as a strategic guideline, covering multiple process per-
spectives. However, we have also observed that it is easier to classify small, well-defined
subsets of a large regulatory framework regarding in particular their type and business
perspective—as also found in the focus groups. If a regulatory framework is to be clas-
sified in its entirety, it seems advisable to assume a more abstract business perspective

(i.e., strategic).

Business process regulation taxonomy in action

In this section, we analyze which regulations need to be monitored during run-time of
business processes in practice and which regulations can be checked with conformance
checking. For that, we put the taxonomy into action by characterizing all regulations
identified during taxonomy development. Thus, we define the practical needs for com-
pliance checking of business process regulations (thus answering RQ 2). In addition, we
also examine for which types of regulations conformance checking is currently used.

Practical needs for compliance checking of business process regulations

Based on the taxonomy, we now analyze the practical needs for compliance checking. In
particular, we used the taxonomy to characterize the regulations obtained in the semi-
structured interviews, coding each regulation individually. One author classified all
regulations by all dimensions, and a second author independently validated this classifi-
cation. In case of disagreement, both authors discussed until they reached a consensus.
The complete corpus of works we analyzed is available online.” This classification of all
41 regulations from the interviews is illustrated in Fig. 8, subdivided along the dimension
type. Based on this classification, we derive six practical needs for compliance checking
of business process regulations.

Multi-perspective compliance checking We only see one regulation that applies
to the control-flow, whereas 12 apply to multiple process perspectives. All 12 of these
impose control-flow requirements for process instances with certain data attributes.
Concretely, different activities can be required depending on the purchase amount, the
supplier, or the type of purchased good. Thus, we identify a requirement for a check that
determines whether process instances comply to regulations referring to multiple pro-
cess perspectives.

Compliance checking for specific data attribute constraints 35 regulations are
classified as domain-general, i.e., they can be transferred between domains. Only six
regulations are domain-specific (three for finance, three for healthcare), all of them
apply to the data perspective of processes. They refer to very specific data attributes;

7 https://figshare.com/s/d4d328870d6a90111b82
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for example, they prescribe the maximum attribute value in a healthcare scenario when
sourcing drugs by limiting the dosage of sourced opiates. To check compliance with
these domain-specific regulations, practitioners need flexibility to specify data attribute
constraints.

Specification of abstract strategic regulations 16 of the regulations in procurement
processes relate to the strategic business perspective. These regulations are typically for-
mulated at a high level of abstraction—for example, the supply chain due diligence law,
which defines general requirements for ensuring that suppliers adhere to certain norms.
Such abstract regulations do not directly translate into verifiable constraints. Therefore,
they must be operationalized by analysts, i.e., transformed into concrete, processable
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constraints that specify how the regulation applies to the overall process or to individual
process instances. Only after this operationalization, compliance with these regulations
can be systematically assessed.

Prioritization of regulations We see that regulations in P2P processes differ in their
priority, as there are 13 regulations of type standard and 9 of guideline. Both types can
be optional under specific circumstances. The regulation priority has to be taken into
account when aiming to comply with all regulations. For example, consider that one
regulation imposes that goods should not be supplied by only one supplier to avoid sin-
gle sourcing situations. Now, consider there are only two suppliers that can supply this
good, of which one is on the supplier blacklist. In this situation, either the blacklist has
to be disobeyed or a single sourcing situation occurs. Thus, the two regulations have to
be prioritized. Consequently, it is necessary to balance the priority and determine that
compliance is more important to one of the two regulations.

Multi-variant compliance checking Six regulations relate to the tactical business
perspective. They indicate that completely different process variants are required for dif-
ferent data attributes. This is also validated by one interview participant, whose company
has defined a total of 16 to-be models for their P2P process, depending on the country of
sourcing, the used document type, and the sourced material type. Given that the differ-
ent process variants underlie different regulations, the compliance check should incor-
porate different process variants as well. Thus, automated multi-variant checking would
be desirable.

Compliance checking for process spanning objects We see that the data perspec-
tive is the most prominent process perspective. Many regulations introduce constraints
for data attributes, which can be less complex (e.g., which suppliers are allowed for pur-
chases) or more complex (e.g., avoiding of single sourcing situations). This latter exam-
ple includes multiple objects: the supplier fulfills the purchase order, which consists of
the product items. Items can be delivered by multiple suppliers and suppliers can deliver
multiple items in different processes, leading to a complex m:n relationship between the
objects in the process. To now check whether items are supplied by only one supplier,
compliance checking must consider that objects span multiple process instances and

processes.

Usage of conformance checking for business process regulation

In order to discuss to which type of regulations conformance checking is applied, we
use the taxonomy to characterize the regulations extracted from scientific works elicited
with the SLR. The goal of this investigation is to determine the most common charac-
teristics of regulations assessed with conformance checking. Thereby, we only use those
regulations of the SLR for which conformance checking has been applied as a tech-
nique for monitoring regulatory compliance, and not those which have been assessed
with other techniques for compliance monitoring, such as complex event processing
(Ly et al. 2015; Luckham 2008). This ensures that we exclusively assess applications of
conformance checking for compliance monitoring (cf (Hashmi et al. 2018; Klessascheck
and Pufahl 2026).). The resulting subset consists of 66 regulations. Similar to the pre-
vious section, one author classified all regulations and all dimensions, with a second
author independently verifying this classification. Disagreements were discussed until a
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consensus was reached. The complete corpus of works we analyzed is available online.?
Figure 9 illustrates the distribution of regulations within the cube, separated along the
regulation type, as done above.

Rare Strategic Regulations We see that the majority of business process regulations
relate to the tactical or operational business perspective. However, we identified a few
instances of strategic regulations being assessed, such as a set of auditing regulations
(Jans et al. 2011, 2014), and the GDPR (Zaman et al. 2019; Lépez et al. 2020; Zaman and
Hassani 2020), which were operationalized for conformance checking. These strategic
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regulations often correspond to laws, whereas some auditing regulations also relate to
standards.

Dependencies between Type and Business Perspective Notably, laws mostly relate
to the operational or strategic business perspective, whereas almost all guidelines are
relevant for the operational business perspective. Similarly, we observe that standards
predominantly relate to operational regulations. This might underline the difference in
specificity between laws, standards, and guidelines, and how easily they can be applied
to individual process instances. This indicates inter-dependencies between different
dimensions as laws tend to target the strategic perspective.

Focus on Standards Additionally, we observe that standards are the prevalent type of
regulation (found 37 times), whereas only 16 guidelines and 13 laws are used. This seems
to stand in contrast to the higher priority of laws compared to standards and guidelines,
and may hint at the difficulty in specifying global regulations in process models as com-
pared to more specific ones when considering individual processes.

Domain Specificity Further, we identify few instances of domain-general regulations,
like the GDPR or EU custom declarations. The remaining regulations are domain-spe-
cific. We assume that this is due to the difficulty of operationalizing universal regulations
for conformance checking, which need to be related to a specific domain and process for
conformance checking to be applicable.

Multi-Perspective Regulations Moreover, we see that the vast majority of regulations
(44 out of 66) relates to multiple process perspectives. There, the control-flow perspec-
tive stands out as the most relevant process perspective, as it is nearly always relevant
for these multi perspective regulations derived in the SLR. Data and time perspectives in
particular are rarely relevant on their own.

To summarize, conformance checking is mainly applied to check compliance to opera-
tional and tactical domain-specific regulations. Many assessed regulations relate to the
control-flow, as well as to a combination of time, data, and/or resource process per-
spectives. Almost all regulations are formalized with existing declarative or imperative
modeling languages, with little use of domain-specific techniques. The majority of regu-
lations are operationalized to improve the act of conformance checking itself. Notably,
demonstrating the technique of conformance checking itself is also a major motivating
factor. Further, most regulations refer to standards and guideline, with laws being repre-
sented very infrequently.

Analysis of scientific support

To answer RQ 3, we now analyze how the state-of-the-art of conformance checking
techniques can actually support the monitoring of process compliance. We split this
analysis into three parts. First, Sec. 7.1 investigates the conformance checking tech-
niques used in the papers from the SLR and determines which type of regulations they
check. Second, Sec. 7.2 discusses the consequences of this support for different regula-
tions in light of the identified practical needs. Third, Sec. 7.3 describes how regulations
can be operationalized in order to facilitate compliance checking with conformance
checking techniques.
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Scientific support for different regulations

+ To create a general overview of which conformance checking techniques can be
applied to which regulations, we now assess the applied techniques from the SLR.
Concretely, we first characterize all applied techniques in a bottom-up manner,
extending the characterization scheme whenever we find new differentiating
dimensions or characteristics. This characterization eventually leads to the following
specifications of each technique along six categories:’Paradigm: imperative,
declarative

+ Algorithmic technique: token-replay, alignment, rule checking, specific algorithm,
manual analysis

+ Process modeling notation: Business Process Model and Notation (BPMN), Petri
net, Role-based access control (RBAC) models, Event-driven process chains (EPCs),
Pseudo-workflow language (PWL), Workflow specification, Linear Temporal Logic
(LTL) / Declare, Guideline Acquisition, Representation and Execution (GLARE),
Medical Logic Modules, Semantic Web Rule Language (SWRL), Machine-readable
travel documents (MRTDs) specification, Event Calculus

« Allows for optionality of regulations: yes, yes - if process model is adapted, no

« Allows for non-specific regulations: yes, yes - if process model is adapted, no

+ Requires breaking down regulations: yes, no

In the second step, we then analyze whether each technique, given its characteristics,
can be used to check regulations of specific types. This results in an overview of which
regulations, as classified by the taxonomy, are supported by which conformance check-
ing techniques.

Table 4 shows the support of the conformance checking techniques, specified along
the six categories, for regulations as characterized by the taxonomy.!° We see a predomi-
nant focus of imperative techniques. Thereby, no technique exclusively assesses the data
or time perspective and only two focus solely on the resource perspective. This shows
that the control-flow is required as a foundation for nearly all techniques, although they
can also investigate other perspectives in addition. This is no surprise given the nature of
conformance checking as a discipline that compares event logs and control-flow centric
process models.

Further, it is observable that the majority of papers relies on a specific algorithm that
is designed for the technique at hand. Thereby, many studies utilize existing approaches
such as token-replay or alignments and extend them to incorporate additional features.
The most commonly used process model notations are BPMN, Petri nets, and LTL /
Declare, whereby many rare modeling notations have been used as well. We also see that
many techniques allow for the optionality of constraints, especially those that are used
to check conformance to guidelines and standard. Interestingly, many techniques uti-
lize adaptions to the process model as means to formalize this optionality. One example
is the incorporation of time components into activity labels in combination with align-
ments (Rinner et al. 2018). Opposed to this, many techniques allow capturing non-
specific regulations out-of-the-box. Only some techniques to check the adherence to

9 A detailed description of each category and characteristic can be found online: https://figshare.com/s/ef324da8955
1246tb622

19We do not show the dimension “Domain” as all the papers are set in a specific domain. Rather, we code the domain
on a technique-level by assessing whether a certain technique allows for non-specific constraints.
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Table 4 Support of conformance checking techniques for the assessment of regulations
as classified by the taxonomy; control-flow =CF, data=D, time =T, resource =R, multi=M,
operational =op,, tactical =tac, strategic=Str,, standard =std., guideline=Gui

Regulation Process Perspective Business Perspective Regulation Type
Technique CF D T R M Op. Tac. Str. Law  Std.  Gui.
Paradigm
Imperative " 1 25 26 5 6 7 15 15
Declarative 1 1 16 13 5 3 5 10
Algorithmic technique
Token replay 6 1 5 2 1 5 1
Alignment 3 6 8 1 2 7
Rule checking 1 1 1 1 4
Specific algorithm 1 26 19 5 3 7 7 13
Manual analysis 1 1 5 3 1 3 2 5
Process Model
BPMN 3 6 5 1 3 3 3
Petri net 9 15 17 3 4 5 1 8
Other imperative notation
RBAC models 2 2 2
EPC 1 1 1
PWL 4 3 1 4
Workflow Specification 1 1 1
LTL / Declare 1 2 8 8 3 2 5 4
Other declarative notation
GLARE 2 2 2
Medical Logic Modules 2 2 2
SWRL 1 1 1
MRTD Specification 1 1 1
Event Calculus 1 1 1
Allows for optionality of regulations
Yes 2 1 20 17 5 2 5 16
Yes, if model adapted 9 13 15 3 3 10 9
No 1 1 7 7 1 4 5
Allows for non-specific regulations
Yes 9 2 24 26 5 4 19 12
Yes, if model adapted 4 1 1 2 2
No 3 13 12 4 4 1 M
Requires breaking down regulations
Yes 3 10 8 5 4 5 4
No 9 2 31 39 2 1 6 15 21

guidelines are restricted to very specific regulations, always either utilizing a specialized
algorithm or a manual analysis.

Last, we see that some techniques require to break down regulations into smaller ones.
This has major implications for regulations, mainly with respect to the business perspec-
tive. Fig. 10 illustrates these implications. We see that most tactical and strategic regu-
lations are checked with techniques that first break them down. Of those that do not
require breakdown, the vast majority of considered regulations are operational (39 of
42). The three remaining checked tactical or strategic regulations are either checked in a
manual analysis or with a specific algorithm. This indicates that the business perspective
imposes requirements on the conformance checking technique with respect to breaking

down constraints.
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Need to break down regulations?

yes: 13/55
no: 42/55
yes
YES — extra manual decomposition step NO — constraints already checkable
Business perspective counts: Business perspective split (counts)
- Tactical: 8 - Operational: 39
- Strategic: 5 - Tactical: 2
- Operational: 0 - Strategic: 1

if Operational \ if Tactical/Strategic

Tactical/Strategic
Operational with NO breakdown: 3

with NO breakdown: 39 Techniques there:
- Manual analysis: 2/3

- Specific algorithm: 1/3

Fig. 10 Requirement to breakdown regulations along business perspective

Table 5 Practical needs identified compared to scientific coverage

Practical Requirement Fulfilled?  Source Avenues for Future Research
Multi-perspective compliance yes (Alizadeh et al. 2018; -
checking Burattin et al. 2016)
Compliance checking for specific yes (Burattin et al. 2016; de -
data attribute constraints Leoni and van der Aalst
2013)
Specification of abstract strategic partly (Zaman et al. 2019; Lopez  Feasibility of automated
regulations etal. 2020; Zaman and conformance checking for
Hassani 2020) abstract regulations
Prioritization of regulations partly (Burattin et al. 2016) Automated analysis of regula-
tion priority
Multi-variant compliance checking  partly (La Rosa et al. 2018) Multi-variant conformance
checking
Compliance checking for process- partly (Winter et al. 2020; Aamer  Object-centric conformance
spanning objects etal. 2023) checking for process-spanning
objects

Scientific support for practical needs
Based on the mapping of regulations to conformance checking techniques, we now
derive insights on the scientific support for the six practical needs identified in the previ-
ous section. For that, we analyze each identified need in light of the support for specific
types of regulations as depicted in the previous section. From the six practical needs,
four are only partially covered by the state-of-art in conformance checking. The com-
parison of practical needs and scientific coverage is depicted in Tab. 5.
Multi-perspective compliance checking Multi-perspective conformance check-
ing approaches have been proposed for declarative as well as imperative process mod-
els (Alizadeh et al. 2018; Burattin et al. 2016). Consequently, process analysts can
check whether process instances comply to regulations pertaining to multiple process
perspectives.
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Compliance checking for specific data attribute constraints Constraints imposed
by formalized process models can be flexibly adjusted to domain-specific data con-
straints in existing conformance checking techniques and their respective extensions
(Burattin et al. 2016; de Leoni and van der Aalst 2013). These specific data constraints
prescribe data attributes values in order for a trace to be conforming. Our analysis of
existing conformance checking techniques showed that this is mostly done with declara-
tive approaches.

Specification of abstract strategic regulation Specification of abstract laws like
GDPR in order to use them for conformance checking of process instances has been pro-
posed (Zaman et al. 2019; Lépez et al. 2020; Zaman and Hassani 2020). However, there is
no systematic assessment of how abstract and strategic regulations can be specified into
more detail. We have seen that a “shortcut” to nonetheless check compliance with stra-
tegic regulations is to break down the regulations into smaller ones. Only if this formal-
izes the regulations down to each trace, existing conformance checking techniques are
applicable. Thus, we propose a systematic assessment on whether conformance checking
can be used for abstract regulations and how they can be specified. Developing further
structured support for this specification could also aid practitioners in specifying strate-
gic regulations.

Prioritization of regulations Considering differing priorities of regulations is partly
supported, as constraints in process models can be optional based on data attributes,
thus including the formalized priority in the model. However, prioritization of multi-
ple regulations is only possible manually. This results in ad-hoc analyses of regulation
priorities, which is time-consuming and error-prone (Grohs et al. 2025). An automated
analysis of regulation priorities, for example based on best practices, could address this
practical need.

Multi-variant compliance checking Multi-variant process modeling is covered
by the scientific state-of-art (La Rosa et al. 2018), whereas multi-variant conformance
checking is not. The check has to be done for each process variant individually, compli-
cating the check of tactical regulations. To still check compliance to tactical regulations,
techniques make use of manual analyses of specific algorithms that target each variant
individually. However, the degree of automation remains limited. Thus, future works
should investigate multi-variant conformance checking techniques where the to-be vari-
ant for each instance is chosen by the technique itself.

Compliance checking for process-spanning objects Compliance checking for pro-
cess-spanning objects is partially covered by research on instance spanning constraints
which outline constraints that affect multiple traces (Winter et al. 2020). Some initial
approaches for query-based checking of such constraints have been proposed as well
(Aamer et al. 2023). However, the automated coverage of several objects across multiple
event logs that can be in m:n relationships has not been addressed, which has conse-
quences especially for strategic regulations. One reason for that is that these complex
relationships are not recorded in conventional event logs. However, object-centric
event logs record this information by allowing events to be related to more than one
case notion (Adams and van der Aalst 2021). In recent years, substantial progress in
object-centric conformance checking has been made (Gianola et al. 2024; Park et al.

2024). Nevertheless, no approach so far considers process-spanning objects that impose
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regulations and require checking across processes. Consequently, future work should
develop approaches for object-centric conformance checking for process-spanning objects.

Operationalization of regulations in practice and research
To consider how conformance checking operationalizes the compliance check of process
regulations with respect to practical application, we analyzed the representation being
used, the scope of regulations, and the goals of research and practice. Operationalizing
here refers to the act of translating a given regulation into a prescriptive process model
that captures regulatory constraints vis-a-vis the corresponding process (Klessascheck
and Pufahl 2026). Note that, while we draw on a previous assessment of regulatory com-
pliance monitoring uses (Klessascheck and Pufahl 2026), we extend these prior analyses
with further insights regarding the representation of regulatory constraints in prescrip-
tive process models, the scope of business process regulations, and the aims surrounding
conformance checking for regulatory compliance monitoring in research and practice,
that we gained in developing and evaluating the business process regulations taxonomy.
Representation of Regulations in Process Models The regulations relevant from
practitioners’ views and covered by the state-of-art can be formalized by either declara-
tive or imperative process models. For some regulations such as required labels for
products, only declarative modeling is feasible. However, imperative modeling can be
more appropriate for straightforward processes (de Leoni et al. 2012). Some approaches,
such as the work of (Accorsi and Stocker 2012), use imperative and declarative modeling
techniques in conjunction, to capture different aspects of a regulation. However, these
models exist separated from another. Thus, hybrid modeling in the form of, for exam-
ple, mixed-paradigm models (van Dongen et al. 2021) could be considered when devel-
oping approaches that use conformance checking for process compliance monitoring.
This would combine the advantages of both imperative and declarative modeling. Many
regulations obtained from the semi-structured interviews are based on textual docu-
ments (e.g., laws regarding import regulations, supplier contracts, etc.). Although there
are approaches that discover imperative models (Friedrich et al. 2011) and declarative
models (van der Aa et al. 2019), they are disconnected from the conformance checking
and have not been tested in practice. Thus, they do not allow for a conformance check-
ing approach based on textual regulations. This is a contributing factor for why few
organizations actually apply automated conformance checking for compliance analysis
as confirmed by five interviewees in total: the analysis of deviations from regulations
is time-consuming and thus the process managers only “start manually investigat-
ing if a mismatch has already occurred” Recent advances in LLM research led to many
approaches that discover process models from natural language descriptions (Grohs et
al. 2023; Kourani et al. 2024; Horner and Reichert 2024). Potentially, such LLM-based
approaches can be used to formalize the relevant regulations from textual descriptions.
First evidence suggests that this is possible to some extend, e.g., in the domain of health-
care (Leonardi et al. 2025). However, no approach has yet investigated whether the regu-
latory text is translated into a sufficient and self-contained process model, regardless of
the domain. Future works could address this and propose such a textual conformance
checking approach. Regardless of all these discussions, it can be a possibility that process
models are simply not suited to represent regulations sufficiently, also rendering confor-
mance checking inapplicable. We have seen that certain regulations require significant
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adaptions to process models. Thus, we believe that a domain- and process-independent
feasibility study could shine light on the ability of process models to capture regulations.

Scope of Regulations In developing the taxonomy, it became apparent that succinctly
defining regulations, or more precisely, business process regulations, is not trivial. Usage
of the terms differ in literature and practice, ranging from meaning single, formally
expressible, process-level constraints, to sets of constraints or even regulatory frame-
works such as the EU Taxonomy. All these need to be operationalized for compliance
monitoring of business processes. To better structure regulations, and develop appropri-
ate (technical) support, we found that larger laws, strategic regulations, and regulations
that are too complex for a holistic classification should be broken down into chunks as a
pre-processing step.

Goal of Scientific and Practical Operationalization The focus of the scientific
research lies mostly on demonstrating or improving the conformance checking tech-
nique itself, and not on actually implementing conformance improvements (Klessas-
check and Pufahl 2026). For practitioners, this focus is not relevant, as they only consider
the technique as a means to an end to improve their processes. Concretely, interview
participants noted that they can even enforce the adherence to regulations be adjust-
ing their process workflow accordingly by e.g. “forcing the process to walk through [... ]
[an information system]which does not allow for deviations” or “adjusting hardware to
enforce no usage of process external devices”. Further, their focus is close to the under-
lying regulation and not on the scientific operationalization of it. Thus, three avenues
for future research arise. First, a regulation-oriented approach for conformance check-
ing based on the practical requirements mentioned above should be proposed. Second,
additional case studies across domains should be conducted to research where process
conformance can actually be improved by applying conformance checking in real-
ity. Also, such case studies could help to assess which regulations should be enforced
by process managers. Third, the scientific support as of now addresses—for the major
part—regulations from individual domains and not those that can be considered univer-
sal. However, as a practical need for assessing such regulations does exist, a systematic
investigation of how more abstract multi-domain regulations with differing priorities

can be operationalized for conformance checking, becomes necessary.

Conclusion

In this paper, we combine and contrast the practical and scientific view on run-time
compliance checking of business process regulations supported by conformance check-
ing. For the first time, we analyze the underlying regulations in business processes that
motivate why compliance checking is necessary. With the avenues for future research
that we derived, we intend to provide a foundation to develop new process modeling
and conformance checking techniques to holistically monitor the run-time compliance

of business process executions with regulations in organizational practice.

Implications for research and practice

Our research has implications for both research and practice. For research, we have
detected a difference between practical needs and current scientific support. Also, we
have outlined multiple future research opportunities on how to close this research gap.
In addition, our taxonomy can enable researches in systematically assessing the types
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of regulations to which they are able to check compliance. This can help to gain a struc-
tured view on the abilities and limitations of scientific approaches. For practice, our
taxonomy is able to support users to categorize relevant regulations within specific pro-
cesses and use cases. Based on that, practitioners can derive necessary actions to check
compliance at run-time, such as the necessity to formalize strategic regulations into for-
mal representations as process models. For such endeavors, we point to previous works
which have successfully achieved them.

In addition, our taxonomy can be particularly useful to navigate between the capa-
bilities of existing research and practical needs. Concretely, it can help practitioners to
choose which existing techniques are applicable for their processes. Conversely, practi-
cal applications can also support research in developing regulation-aligned techniques
that overcome practical difficulties. For example, an investigation of how certain regula-
tions are checked in a case study could give insights on what adaptions to existing tech-
niques are necessary. Through this, it may be possible to systematically define how to
split large or complex regulations into smaller ones or how regulations can be effectively
captured in process models. We note that there can be scenarios in which the taxonomy
is not applicable. This could include overly complex regulations which cannot be split
into parts or regulations that do not affect the process execution directly. An example
could be a regulation that contains inter-related data conditions which impose complex
constraints on different data objects. In this case, it is possible that compliance cannot
be checked with process conformance checking techniques.

Limitations

This work is subject to certain limitations that pose threats to its validity. First, with
respect to the taxonomy development, the method we applied requires judgment as well
as some degree of subjective interpretation by the authors; thus our results might poten-
tially be biased. We tried to overcome this by extensive discussions of used protocols and
individual coding decisions as well as strictly adhering to the proposed method (Nicker-
son et al. 2013) to minimize this risk inherent in taxonomy development.

Then, there are some limitations with respect to coverage of regulations. For example,
we only identified a subset of regulations in the interviews, as we selected a P2P process
as the practical use case. Therefore, although empirically grounded, the findings might
be limited in context. However, it is in fact not a major threat to validity, because this
is a widely executed process in different domains. Also, the detailed focus on the P2P
process in the interviews is complemented with a broad view on all types of regulations
from many processes as found in the SLR. In addition, the SLR focuses on practically
operationalized regulations, potentially omitting purely theoretical work, textual regula-
tions unrelated to process execution, or regulations not subject to compliance checking.
While this may introduce observational bias, it aligns with our goal of characterizing
regulations relevant for runtime compliance monitoring. Further, we do not claim that
our taxonomy generalizes to all possible regulations, but rather characterizes business
process regulations which are operationalizable with techniques for runtime regulatory
compliance monitoring. In this regard, the taxonomy may not be exhaustive, as indi-
cated by the discussion among focus group G1 about regional differences. Although
we believe that this example of potential non-exhaustiveness stems from political dif-
ferences and merely affects the relevance of a regulation, this discussion exemplifies



Grohs et al. Process Science (2026) 3:11 Page 31 of 34

potential additions to the taxonomy. Thus, we can and do not claim exhaustiveness, but
believe that our evaluation shows the taxonomy to be sufficient.

We also believe that there can be certain “edge cases” in which it can be hard to assign
a clear characteristic per dimension to a specific regulation. Concretely, many different
contextual factors might influence the classification. For example, some regulations may
combine strategic intent with operational enforcement. In these cases, it can be helpful
to split the regulation into multiple sub-regulations or specify the context of it. Regard-
less, we cannot guarantee that all regulatory conflicts can be grasped with the scope
of the taxonomy—despite the extensive supplementary material and user guidance
provided herein. If such cases appear in the future, we aim to adjust the taxonomy, its
dimensions, and the supplementary guidance. Last, the focus groups consist of a limited
number of experts, which may affect generalizability of the evaluation. However, partici-
pants matched the taxonomy’s target audience, and industry representatives contributed
valuable practical insights on compliance challenges.

Summary of future works
To conclude the paper, we now summarize the findings by aggregating opportunities for
future works.

Out analysis revealed several opportunities to facilitate the usage of conformance
checking for run-time compliance checking. First, a systematic assessment of breaking
down abstract strategic regulation could help to better formalize them in process models
and, subsequently, check them with conformance checking. Second, an automated anal-
ysis of regulation priorities would support analysts to distinguish between drastic issues
and others. Multi-variant and process-spanning conformance checking could enable to
check a broader spectrum of regulations that currently cannot be expressed in process
models or require extensive manual effort. Also, hybrid process modeling and confor-
mance checking could be considered. A textual conformance checking approach could
facilitate a check without extensive effort for the formalization of regulations in process
models.

All in all, there are many technical opportunities for research arising from our work.
This motivates a regulation-oriented approach for conformance checking, which likely
requires empirical valuation in case studies or other systematic investigations with prac-
titioners. The regulation taxonomy can serve as a basis for these endeavors.
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