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Introduction

Problem Statement

3

"Applying process mining techniques to user interaction recordings 
  in order to analyze the real usage of a software system." 
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Example Interaction Log

Introduction



station_based_dashboard 11:59:10     ac2F     e4D2     iOS 

search   11:59:11     ac2F     e4D2     iOS 

date_time_picker  11:59:13     ac2F     e4D2     iOS  

search_results  11:59:17     ac2F     e4D2     iOS 

pre_booking  11:59:18     ac2F     e4D2     iOS 

confirm_booking  11:59:19     ac2F     e4D2     iOS 

booking   11:59:21     ac2F     e4D2     iOS 

booking_started  11:59:23     ac2F     e4D2     iOS

5

Example Interaction Log
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Introduction

Revised Problem Statement
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"Given a user interaction log with no case information, find the best 
segmentation of the log, such that every user interaction belongs to 
exactly one case." 

→ Event-Case Attribution / Correlation Problem [4]



Introduction

Related Use Cases
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• Linn et al. 2018 [3]

• Mine user interaction data as the 

basis for RPA applications

• User marks start / end

• Marrella et al. 2018 [1]

• Measuring learnability of software 

system using UI recordings

• Predefined start / end events

• Jlaiaty et al. 2017 [2]

• Using emails as events, no 

connection to process instances

• Mail attributes (sender, receiver, …)



Introduction

Existing Approaches
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• Bayomie et al. 2019 [6]

• Process model as input

• Simulated annealing, optimizing 

variance of activity execution times

• Pérez-Castillo et al. 2012 [4]

• Process mining for non process-

aware software systems

• Correlation based on attributes

• Pourmirza et al. 2017 [5]

• Quadratic programming problem 

based on directly-follows relations

• Optimize based on time heuristic

✓Very good accuracy

✓Cyclic processes

✗ Requires detailed process 

model

✗ Long Runtime


✓Good accuracy

✓No additional input

✗ Cannot handle cyclic 

processes

✗ Long Runtime


✓Good accuracy

✓Little additional input

✗ Requires additional event 

attributes

✗ Quadratic runtime
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Approach

Proposed Approach

• Perform log segmentation using word2vec [7, 8] models

• Inspired by Lakhani et. al 2019 [9]


• Considers the special properties of interaction data & Supports cycles
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Approach

Running Example
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• Four actions

• M (menu) 

• A, B, C (features)


• Three users

• ⟨M, A, M, B, C⟩ 
• ⟨M, B, C, M⟩ 
• ⟨M, A, B, C⟩ Directly-Follows Graph
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    Transition System Generation
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Approach 13

    Transition System Generation1

Remove Illegal Transitions DFG

✚

✚
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Approach 14

    Trace Generation1
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Approach 15

    Model Training2
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    Scoring & Segmentation3
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Log Size

18Evaluation



Case Length
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Time Analysis
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Evaluation

Case / User Study

• Dataset from mobility sharing 
application

• 990,000 events


• 12,200 users


• 78 activities


• Log analysis using process 
mining techniques


• Results were discussed with 
experts

21

Station Dashboard Search Results Booking Preview



Question 4 & 5

• "What is the average length / median 
duration of an interaction with the App?"


• Experts significantly overestimate the 
length of interactions


• Users spend more time one fewer 
screens

• Experts: 5,6 s / screen


• Method: 11,1 s / screen


➡ Screens might be too complex

22Results

Expert   
Answers

Proposed 
Method

5 Minute 
Threshold

50 screens /

240 s

4.8 screens /

53.4 s

6.7 screens /

14 s

30 screens /

120 s

12 screens /

90  s

10 screens /

60 seconds

25.5 screens /

127.5 s



Question 10

• "Given this process model that is based 
on interactions ending on the booking 
screen, what are your observations?"


• Frequent use of "map" dashboard

➡ Focus efforts on this dashboard


• High number of users take a detour 
through the bookings list

• Especially true for "map" dashboard

➡ Button is not noticeable enough

23Results

[11]



Question 14

• "2% of users use the intermediate lock 
functionality before ending a booking."


• This is not necessary and can 
introduce technical problems with the 
locks


• Wording in the interface might 
encourage this behaviour


➡ Reconsider the interplay between 
intermediate lock and vehicle return

24Results
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Conclusion

Conclusion

• The Event-Case Attribution Problem is highly relevant in other areas (RPA) 


• The proposed method is able to produce usable segmented logs


• It can be applied to large user interaction logs because of its linear time 
complexity during segmentation


• Process mining based analysis of UI logs produces actionable findings for 
process experts, showing the large potential of process mining for user 
behaviour analysis

26



Conclusion & Outlook 27

Questions



References

[1] Andrea Marrella and Tiziana Catarci. Measuring the learnability of interactive systems using a petri net based approach. In 
Proceedings of the 2018 Design- ing Interactive Systems Conference, DIS ’18, page 1309–1319, New York, NY, USA, 2018. 
Association for Computing Machinery. 


[2] Diana Jlailaty, Daniela Grigori, and Khalid Belhajjame. Business process instances discovery from email logs. In 2017 IEEE 
International Conference on Services Com- puting (SCC), pages 19–26, 2017.


[3] Christian Linn, Phileas Zimmermann, and Dirk Werth. Desktop activity min- ing - a new level of detail in mining business 
processes. In Christian Czarnecki, Carsten Brockmann, Eldar Sultanow, Agnes Koschmider, and Annika Selzer, edi- tors, 
Workshops der INFORMATIK 2018 - Architekturen, Prozesse, Sicherheit und Nachhaltigkeit, pages 245–258, Bonn, 2018.


[4] Ricardo Pérez-Castillo, Barbara Weber, Ignacio Guzmán, Mario Piattini, and Jakob Pinggera. Assessing event correlation in 
non-process-aware information systems. Soft- ware and Systems Modeling, 13:1–23, 09 2012. 


[5] Shaya Pourmirza, Remco Dijkman, and Paul Grefen. Correlation miner: mining business process models and causal 
relations without case identifiers. International Journal of Cooperative Information Systems, 26(2), June 2017. 


[6] Dina Bayomie, Claudio Di Ciccio, Marcello La Rosa, and Jan Mendling. A probabilis- tic approach to event-case correlation 
for process mining. In Alberto H. F. Laender, Barbara Pernici, Ee-Peng Lim, and José Palazzo M. de Oliveira, editors, Concep- 
tual Modeling, pages 136–152, Cham, 2019. Springer International Publishing. 

28



References

[7] Tomas Mikolov, Kai Chen, Greg S. Corrado, and Jeffrey Dean. Efficient estimation of word representations in vector 
space, 2013. 


[8] Tomas Mikolov, Ilya Sutskever, Kai Chen, Greg Corrado, and Jeffrey Dean. Dis- tributed representations of words and 
phrases and their compositionality. In Neural and Information Processing System (NIPS), 2013. 


[9] Karuna Lakhani and Apurva Narayan. A neural word embedding approach to system trace reconstruction. In 2019 
IEEE International Conference on Systems, Man and Cybernetics (SMC), pages 285–291, 2019. 


[10] Wil M. P. van der Aalst, Rubin, B. F. Van Dongen, E. Kindler, and C. W. Günther. Process mining: A two-step approach 
using transition systems and regions. Technical report, BPM Center Report BPM-06-30, BPM Center, 2006.


[A1] Santiago Aguirre and Alejandro Rodriguez. Automation of a business process us- ing robotic process automation 
(rpa): A case study. In Juan Carlos Figueroa- García, Eduyn Ramiro López-Santana, José Luis Villa-Ramírez, and Roberto 
Ferro- Escobar, editors, Applied Computer Sciences in Engineering, pages 65–71, Cham, 2017.


[A2] Rehan Syed, Suriadi Suriadi, Michael Adams, Wasana Bandara, Sander J.J. Lee- mans, Chun Ouyang, Arthur H.M. 
ter Hofstede, Inge van de Weerd, Moe Thandar Wynn, and Hajo A. Reijers. Robotic process automation: Contemporary 
themes and challenges. Computers in Industry, 115:103162, 2020. 

29



References

[A3] Jesús Chacón Montero, Andres Jimenez Ramirez, and Jose Gonzalez Enríquez. To- wards a method for automated 
testing in robotic process automation projects. In 2019 IEEE/ACM 14th International Workshop on Automation of Software 
Test (AST), pages 42–47, 2019.


[11] Fluxicon. Disco. URL https://fluxicon.com/disco/. Accessed 09.08.2021. 

30



Appendix - RPA
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• Basis for RPA are detailed descriptions of the behaviour that should be 
automated


• There are API based and observation based approaches


• Aguirre et al. 2017: RPA is only applicable to stable processes because of the 
required modelling [A1] 


• Syed et al. 2020: Automation of the early stages of RPA is one of the main 
challenges [A2]


• Montero et al. 2019: Missing case information is a challenge for automated 
testing in RPA [A3]



Appendix - Outlook

• Alternative approaches to training log generation


• There exist no techniques to accurately assess the quality of log 
segmentations without labeled data


• Consider more advanced process mining techniques


• Running case prediction


• Root-cause analysis
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Appendix - Embedding Vectors
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Low Dimensional Representation of Embeddings 



Appendix - Unclear Boundaries
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Appendix - Metrics
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Appendix - word2vec
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Appendix - Definition UI Log
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Appendix - Segmentation Example
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