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Patterns of Stability and Change in Business Processes

Using Process Mining to Capture Reality in Flight

Bastian Wurm?

Abstract: With the ubiquity of information systems in business and everyday life, people are
increasingly leaving digital traces of their activities. Using this trace data alongside with other —
more traditional — data collection techniques, such as interviews and document analysis,
researchers can enhance their understanding of organizational processes and the different actors
involved in these. In this Ph.D. research proposal, | outline an innovative approach that uses
process mining techniques to capture “reality in flight”. Additionally, information stored in
process model repositories and derived through expert interviews help to complement this
perspective and make sense how stability and change occur in organizational processes.

Keywords: Theory Development, Business Process Management, Process Mining, Business
Process Change, Business Process Standardization, Trace Data Analysis, Grounded Theory
Method.

1 Motivation and Related Work

Business process management (BPM) and organization science have both recognized the
importance of studying organizational processes [Dul3, LT17, BR10a, BR10b].
However, the perspectives these research streams take on processes as a unit of analysis
vary greatly. In BPM processes are often implicitly treated as simplistic and
deterministic [MPQ0]. Process design and improvement often follows a top-down
approach, not considering how business processes emerge as organizational routines
[Bel4]. On the contrary, organizational science perceives processes as “perpetually in
the making” [GJTO08], they are under constant change and permanently renewing
themselves.

While BPM leaves behavioral aspects and intentions of process participants aside,
research on routines masks out the role design decisions and artifacts play when it comes
to executing the process. This is problematic, because each of these perspectives is
limited due to its particular focus leaving the interplay of routines and top-down business
processes unconsidered [Bel4]. In particular, there is a very limited understanding how
changes in process design and changes in routines affect each other. To evolve into a
true process science and to develop strong process theory [PRK17], both fields of
research need to join their strengths.
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The purpose of this doctoral dissertation is thus to address this research gap by building
strong process theory [LT17] that explains stability and change in business processes.
Accordingly, the research question | pursue reads as follows:

How does change in business processes take place?

I aim to answer this research question using a combination of traditional grounded
theory methodology and traditional computational theory development [BSS18]. On the
one hand, I will use process mining algorithms [Aall, AD12] to identify process
variants [Hol5a] and evolutionary drifts in business processes [Mal7]. On the other
hand, | will employ grounded theory methodology [SR09, ULM10] to complement the
computational theory development process and make sense of the data by considering
context information derived in interviews. With this work | expect to identify motors of
change in business processes [VP95] that will be used to explain how process change
takes place. Furthermore, a method will be developed that allows to use process mining
techniques for organizational research.

The remainder of this Ph.D. research proposal is structured as follows. In the next
section, | present an initial draft of the method | want to employ for analyzing business
processes, i.e. a combination of automated and manual theory development [BSS18]. In
particular, | elaborate on the different types of data | plan to use and how I intend to
interpret them. Additionally, | show how process mining algorithms can be used to
detect change in business processes. Finally, | provide a brief summary and outline the
expected contribution of this work.

2 Method

In this Ph.D. research proposal, | suggest the complementary use of traditional grounded
theory methodology [Ch96, SC94] and computational theory development [DLTQ7] to
inductively develop strong process theory [PRK17]. In a recent article, Berente and
associates [BSS18] outlined the advantages of such computationally-intensive theory
development approaches that make use of the opportunities that the ubiquity of trace-
data provides. Examples for studies that employed computationally-intensive theory
development include, but are not limited to, Lindberg et al. [Li16], Vaast et al. [Val7],
Miranda et al. [MKS15], and Pentland et al. [PRW17].

2.1  Data and Sense-making

For this research, three types of data will be used: Trace-data in form of log-files,
qualitative interview data, and data on process documentation, i.e. process models,
process guidelines and other documentation materials. Table 1 gives and overview over
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the different types of data employed, how they will be analyzed, and what kind of
information each of them provides for theory generation.

Trace Data Process

Type of Data (event-logs) Documentation Interviews
Type of analysis/ Process Mining Grounded Theory Grounded Theory
interpretation Method Method
Descriptive/ Teleological and
i tive
Tvpe of Ontological normauyv ) o
Irﬁ‘%rmation perspective — i.e. perspective — i.e. Why is it as it is?
what is? what is the goal and

how should it be?

Table 1: Overview of Materials for Theory Generation

First, trace-data will be analyzed using process mining techniques. Employing variant
analysis [Hol15a] and drift detection [Mal7] allows to compare different process variants
and understand how a process evolves over time. At this stage, the main goal is to derive
a descriptive overview of the relevant processes.

Second, process documentation, i.e. process models, process guidelines, and the like, are
examined. Here, the main questions are of a teleological and normative nature. l.e. |
want to collect information about the goals of a process and how the process should be
performed according to its designated design. For example, different goals of a business
process can be considered [BM18, BZS16].

Third, qualitative interviews with process experts and process managers provide
contextual knowledge. The interviews will be interpreted using the grounded theory
method [Ch96]. This knowledge further enriches the insights gained in the prior stages.
In this stage, | focus in particular on explanations about why the process is executed as it
is the case and why certain changes in the process occurred.

Independent of the exact sense-making strategies employed, sense-making ultimately
remains a cognitive process [GW14], which requires inspiration and creativity by the
researcher [La99].

2.2 Process Mining Techniques for Detecting Patterns of Stability and Change

Process mining is usually used for process discovery, conformance checking, and
enhancement [Aall]. However, more and more algorithms are developed that can be
used to compare different variants of the same process [Ho15a, LS12] or detect changes
in processes over time [Hol5b, LT15]. Both of these types of algorithms are
fundamental when it comes to detecting and understanding change in business processes.
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Figure 1 below presents an example for (concept) drift [Ho15b]. Instead of analyzing the
whole log, the log is broken down in multiple parts, each of which is analyzed
individually. For this reason, it is essential to detect the change point (tc), i.e. the point in
time when the change takes place, and accordingly divide the log-file [Bo11]. Based on
this procedure, differences between different process versions can be mapped out.
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Figure 1: Example of process drift [Ho15b, p. 96].

Drifts, i.e. changes, in processes can either take place gradually or suddenly [Boll,
Mal7]. Sudden drifts are major changes that emerge at a particular point in time. They
can be an indicator for major changes in the design of the business process, e.g. when a
newly designed process version is introduced. Yet, there might be a time lag between the
change of the business process’ design and the change occurring in the actual log (i.e.
the enactment of the process design by process participants). Having said that, gradual
drifts are small changes that appear over a stretched period of time [Mal7]. They suggest
a slight alteration to the process behavior. This change in process execution can be
attributed to smaller design changes or to changes that can be attributed to process
participants. In fact, gradual drifts can be a clue for the presence of positive deviance
[Mel6, Rel5].

The presented algorithms give an example how process mining can enable insights about
how change and stability in business processes occur. However, process mining alone
can only determine that changes took place. Why changes occur, the exact dynamics
behind these changes, and the motivation for these changes currently remain a black box.
Together with interviews and process guidelines/ documentation, a sense-making
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process can take place that gives reason to not only that changes happened, but provide
additional knowledge how and why certain changes came about.

3 Expected Contribution

In this Ph.D. research proposal, | outlined the research background and design of my
doctoral dissertation. | presented a synthesis of process mining techniques, qualitative
interviews, and supplementary document analysis | want to employ. This combination of
computational and traditional techniques for inductive theory development will be used
in order to inductively generate theory that explains patterns of stability and change in
business processes.

Based on the explicated methods, there are two main contributions as a result of the
proposed dissertation.

The first main contribution is the derived method. Work on process mining is centered
around the development of algorithms for process discovery, conformance checking, and
enhancement. Only recently research has been gaining momentum that uses process
mining and other data-centered techniques to investigate business processes from an
organizational science lens. The method presents an alternative to ThreadNet [PRK17,
PRW16], sequence approaches [Gal4], and network analysis [Bo09] and thus helps to
view business processes and routines from a different perspective. Taking into
consideration not only qualitative data (i.e. interviews), but also trace data using process
mining allows for well-grounded inferences. Hence, the dissertation strives for an
approach, which is not only novel but also very rich in terms of the different data types
taken into account for theory generation. Even though such a method can help to
systematically investigate business processes, theory development also requires the
researcher’s inspiration [La99].

The second contribution lies in the application of that method to identify motors of
change [VP95] in business processes. Having those motors identified, future work can
further theorize about business processes and organizational routines. In particular,
future studies can investigate further conditions for each motor to occur and the exact
mechanics how each motor operates. | hope that this Ph.D. research can contribute to
pave the way towards a strong process science [PRK17] and more rigorous theorizing
about business processes.

This work is relevant for practice as well. Practitioners can use the identified motors of
change to anticipate how changes in process design affect changes in process execution
and the underlying routines. This enables management to proactively accompany
business process change within its organization.



26 Bastian Wurm

4  Bibliography

[BSS18]

[Beld]

[Bo09]

[Boll]

[Chog]

[Dul3]

[DLTO7]

[GJTO8]

[Gal4]

[GW14]

[Hol5a]

[Ho15b]

[La99]

[LT17]

Berente, N.; Seidel, S.; Safadi, H.: Data-Driven Computationally-Intensive Theory
Development. Information Systems Research, in press, 2018.

Beverungen, D.: Exploring the Interplay of the Design and Emergence of Business
Processes as Organizational Routines. Business & Information Systems Engineering,
6/4, pp. 191-202, 2014.

Borgatti, S.P.; Mehra, A.; Brass, D.J.; Labianca, G.: Network Analysis in the Social
Sciences. Science, 323/892, pp. 892-895, 2009.

Bose, R.P.J.C.; Van Der Aalst, W.M.P.; Zliobaite, I.; Pechenizkiy, M.: Handling
Concept Drift in Process Mining. Lecture Notes in Computer Science, 6741 LNCS, pp.
391-405, 2011.

Charmaz, K.: Grounded Theory. In (Smith, J.A.; Harré, R.; van Langenhove, L., eds.):
Rethinking Methods in Psychology. Sage Publications, London, pp. 27-49, 1996.

Dumas, M.; La Rosa, M.; Mendling, J.; Reijers, H.A.: Fundamentals of Business
Process Management. Springer, Heidelberg, 2013.

Dzerosk, S.; Langley, P.; Todorovski, L.: Computational Discovery of Scientific
Knowledge. In (Dzerosk, S.; Todorovski, L., eds.): Computational Discovery of
Scientific Knowledge: Introduction, Techniques, and Applications in Environmental
and Life Sciences. Springer, Berlin Heidelberg, pp. 1-14, 2007.

Garud, R.; Jain, S.; Tuertscher, P.: Incomplete by Design and Designing for
Incompleteness. Organization Studies, 29/3, pp. 351-371, 2008.

Gaskin, J.; Berente, N.; Lyytinen, K.; Yoo, Y.: Toward Generalizable Sociomaterial
Inquiry: A Computational Approach for Zooming in and out of Sociomaterial
Routines. MIS Quarterly, 38/3, pp. 849-871, 2014.

Grolemund, G.; Wickham, H.: A Cognitive Interpretation of Data Analysis.
International Statistical Review, 82/2, pp. 184-204, 2014.

Hompes, B.F.A.; Buijs, J.C.A.M.; van der Aalst, W.M.P.; Dixit, P.M.; Buurman, J.:
Discovering Deviating Cases and Process Variants Using Trace Clustering. 27th
Benelux Conference on Atrtificial Intelligence (BNAIC), 2015.

Hompes, B.F.A.; Buijs, J.C.A.M.; van der Aalst, W.M.P.; Dixit, P.M.; Buurman, J.:
Detecting Change in Processes Using Comparative Trace Clustering. In Proceedings of
the 5th International Symposium on Data-driven Process Discovery and Analysis
(SIMPDA 2015), pp. 95-108, 2015.

Langley, A.: Strategies for Theorizing from Process Data. The Academy of
Management Review, 24/4, pp. 691-710, 1999.

Langley, A.; Tsoukas, H., eds.: The Sage Handbook of Process Organization Studies.
Sage Publishing, Thousand Oaks, CA, 2017.



Process Stability and Change 27

[LT15]

[Li16]

[LS12]

[Mal7]

[MPOQ]

[Mel6]

[MKS15]

[PRK17]

[PRW17]

[PRW16]

[Rel5]

[SR09]

[SCY4]

Lavanya, M.U.; Talluri, M.S.K.: Dealing with Concept Drifts in Process Mining Using
Event Logs. International Journal of Engineering and Computer Science, 4/7, pp.
13433-13437, 2015.

Lindberg, A.; Berente, N.; Gaskin, J.; Lyytinen, K.: Coordinating Interdependencies in
Online Communities: A Study of an Open Source Software Project. Information
Systems Research, 27/4, pp. 751-772, 2016.

Luengo, D.; Sepulveda, M.: Applying Clustering in Process Mining to Find Different
Versions of a Business Process That Changes over Time. In Lecture Notes in Business
Information Processing, pp. 153-158, 2012.

Maaradji, A.; Dumas, M.; La Rosa, M.; Ostovar, A.: Detecting Sudden and Gradual
Drifts in Business Processes from Execution Traces. IEEE Transactions on Knowledge
and Data Engineering, 29/10, pp. 2140-2154, 2017.

Meldo, N.; Pidd, M.: A Conceptual Framework for Understanding Business Processes
and Business Process Modelling. Information Systems Journal, 10/2, pp. 105-129,
2000.

Mertens, W.; Recker, J.; Kummer, T.F.; Kohlborn, T.; Viaene, S.: Constructive
Deviance as a Driver for Performance in Retail. Journal of Retailing and Consumer
Services, 30, pp. 193-203, 2016.

Miranda, S.M.; Kim, I.; Summers, J.D.: Jamming with Social Media: How Cognitive
Structuring of Organizing Vision Facets Affects IT Innovation Diffusion. MIS
Quarterly, 39/3, pp. 591-614, 2015.

Pentland, B.; Recker, J.; Kim, I.: Capturing Reality in Flight? Empirical Tools for
Strong Process Theory. In 38th International Confrence on Information Systems, Soul,
Korea, 2017.

Pentland, B.; Recker, J.; Wyner, G.: Rediscovering Handoffs. Academy of
Management Discoveries, 3/3, 2017.

Pentland, B.T.; Recker, J.; Wyner, G.: Conceptualizing and Measuring
Interdependence between Organizational Routines. In 37th International Conference on
Information Systems, Dublin, Ireland, 2016.

Recker, J.: Evidence-Based Business Process Management: Using Digital
Opportunities to Drive Organizational Innovation. In (vom Brocke, J. and Schmiedel,
T., ed.): Bpm-Driving Innovation in a Digital World. Springer Cham, Heidelberg New
York, pp. 129-143, 2015.

Seidel, S.; Recker, J.: Using Grounded Theory for Studying Business Process
Management Phenomena. In 17th European Conference on Information Systems,
Verona, Italy, 2009.

Strauss, A.; Corbin, J.: Grounded Theory Methodology. In (Deniz, N.K.; Lincoln, Y.S.,
eds.): Handbook of Qualitative Research. Sage Publishing, Thousand Oaks, CA, pp.
273-285, 1994.



28 Bastian Wurm

[ULM10] Urquhart, C.; Lehmann, H.; Myers, M.D.: Putting the 'Theory' Back into Grounded
Theory: Guidelines for Grounded Theory Studies in Information Systems. Information
Systems Journal, 20/4, pp. 357-381, 2010.

[Val7] Vaast, E.; Safadi, H.; Lapointe, L.; Negoita, B.: Social Media Affordances for
Connective Action - an Examination of Microblogging Use During the Gulf of Mexico
Oil Spill. MIS Quartely, 41/4, pp. 1179-1205, 2017.

[VP95] van de Ven, A.H.; Poole, M.S.: Explaining Development and Change in Organizations.
The Academy of Management Review, 20/3, pp. 510-540, 1995.

[Aall] van der Aalst, W.M.P.; Adriansyah, A.; De Medeiros, A.K.A.; Arcieri, F.; Baier, T., et
al.: Process Mining Manifesto. In Proceedings of the 9th International Conference on
Business Process Management, pp. 169-194, 2011.

[AD12]  van der Aalst, W.M.P.; Dustdar, S.: Process Mining Put into Context. IEEE Internet
Computing, 16/1, pp. 82-86, 2012.

[BM18]  vom Brocke, J.; Mendling, J., eds.: Business Process Management Cases. Springer
International Publishing, Berlin Heidelberg, 2018.

[BR10a] vom Brocke, J.; Rosemann, M., eds: Handbook on Business Process Management 1.
Springer, Berilin Heidelberg, 2010.

[BR10b] vom Brocke, J.; Rosemann, M., eds: Handbook on Business Process Management 2.
Springer, Berlin Heidelberg, 2010.

[BZS16] vom Brocke, J.; Zelt, S.; Schmiedel, T.: On the Role of Context in Business Process
Management. International Journal of Information Management, 36/3, pp. 486-495,
2016.



