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Abstract –  

Despite current digital transformation attempts, 
productivity in the construction industry has 
remained stagnant for decades. Construction 
organizations generate vast amounts of data from 
their day-to-day operations. However, these valuable 
digital footprints frequently remain underutilized 
and isolated in different IS (Information Systems). To 
tackle this issue, process mining, a novel and robust 
technology, provides organizations with the means 
and methods to automatically monitor and improve 
the efficiency of business processes by exploiting event 
process data. Since construction projects are process-
heavy, process mining adoption becomes essential to 
overcome productivity stagnation. To enable process 
mining capabilities, process data is required to be 
captured in the form of event logs. In this regard, the 
existing body of knowledge in the construction 
domain yet lacks a system-agnostic framework for 
event log generation that considers current standard 
data schemas such as XES (eXtensible Event Stream) 
and OCEL (Object Centric Event Logs) to ensure 
event logs’ soundness and machine readability. 
Therefore, to address this limitation, this work aims 
to facilitate the production of event logs with proper 
syntax and semantics by: (i) developing an ETL 
(Extract, Transform, Load) framework to harness 
process data from IS;(ii) analyzing and describing the 
XES and OCEL’s relational data structures; (iii) 
providing a comparative analysis of both event log 
data standards. The results include a functional 
demonstration for constructing these data schemas 
applied to the Change Order Management Process 
(COMP) implemented in a commercial office high-
rise building project. Construction change orders 
have the potential to either contribute to construction 
projects’ success (if managed properly) or yield to 
failure otherwise.  
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1 Introduction 
The digital intensity of a country’s economic sectors 

is an important metric in quantitatively assessing its 
digital economic well-being. Among the leading sectors, 
wholesale, finance, and manufacturing have increased 
their digital intensity four-fold during the last three 
decades by adopting cutting-edge ICT (Information and 
Communication Technology) developments. In this vein, 
there exists a strong correlation of r≈  +0.7 between 
digitization indices and productivity growth levels 
reported by several countries [1, 2]. In other words, the 
higher the digital intensity of an economic sector is, the 
greater its productivity and economic growth levels are. 
The labor productivity of digitally intensive sectors grew 
22.1% in the past two decades. These leading sectors also 
presented a greater resilience than non-digitally intensive 
sectors during the COVID-19 pandemic thanks to the 
adoption of latest ICT developments [3-5]. Process 
mining, a recent technological development with 
exponential market growth [6], has become a crucial 
asset for several industries in supporting their digital 
transformation as its capabilities include automated 
process model discovery as well as monitoring, 
managing and improving business operations by 
analyzing actual operational performance behavior from  
event data logs[7]. To properly implement this 
technology, these operational event logs must be 
generated with formal syntax (i.e., proper notation) and 
clear semantics (i.e., data structures with meaningful data 
relationships).  

In this context, the event log generation process can 
take up to 80% of the process mining implementation 
efforts [8]. Therefore, it becomes essential to understand 
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the event log’s composition including its conceptual 
definitions. In this regard, an event is described by three 
primary components: (i) a case, which is referred to as a 
as a process instance or execution; (ii) an event activity, 
often referred to as an action, transaction or unit of work 
happening at a particular point in time; and (iii) 
timestamps associated with each executed activity [7]. 
Event logs comprise a collection of events that can be 
enriched with other attributes such as objects, resources, 
cost, etc. These enriched event logs allow to analyze 
specific business operational processes from different 
perspectives or dimensions [7].  

Unlike digitally intensive sectors, construction is part 
of the lagging non-digitally intensive sectors facing 
stagnant productivity over the past three decades [3]. 
Most construction companies use Information Systems 
(IS) and software platforms to manage their construction 
projects and daily business operations that vary in size 
and complexity. These IS store vast amounts of data 
related to those projects and business processes. The 
event logs event logs can be retrieved and reconstructed 
from multiple data sources including SQL relational 
databases [9]; Enterprise Resource Planning (ERP) 
systems, [10]; and Project Management Information 
systems (PMIS). such as Procore[11], Rhumbix [12], and 
Oracle NetSuite [13]. Othe data sources entail Workflow 
Management Systems (WfMS), Application 
Programming Interfaces (APIs), sensors, Building 
Information Modeling (BIM), 3D point clouds, etc., 
which are enabled by the so-called ‘Internet of Events’ [7, 
14]. However, the stored data in those IS frequently 
remains underexploited, in this context, the construction 
domain faces three major challenges that hinders 
successful process mining implementations: (i) need for 
data integration (i.e., siloed data in sparse IS); (ii) lack of 
suitable/quality event logs due to poor understanding of 
main data schemas for event log generation according to 
XES and OCEL; and (iii) lack of visibility and 
transparency over the ripple effect of intertwined 
processes (i.e., multidimensional process mining).The 
latter is particularly important given that several 
construction processes are by nature interrelated with one 
another across construction project life cycle phases [15].  

Aiming at streamlining the event log generation 
process necessary for process mining deployment in the 
construction domain, this paper has the following main 
objectives: (i) to develop an ETL (Extract, Transform, 
Load) framework for data collection; (ii) to perform a 
comparative analysis of XES and OCEL event log data 
standards while analyzing and describing their relational 
data structures; and (iii) to apply both data schemas into 
a construction Change Order Management Process as a 
functional demonstration. This key process, if poorly 
managed, is one of the main root causes of cost overruns, 
delays, productivity decline, and legal claims. Previous 

studies report expected cost growth of 10% due to change 
orders for most construction projects, and in some 
projects, the overrun far exceeds [16, 17]. Thus, it turns 
out essential to investigate the capabilities that more 
automated methods such as process mining can enable to 
model, monitor, audit, and manage construction 
processes in a more efficient and productive manner. 

2 Event Log Standards - Related Works 
To provide formal syntax and semantics to event logs, 

it is necessary to consider the most current worldwide 
adopted XES [18] and OCEL [19] standards for event log 
generation and their Event Schema Definitions (XSD).  

2.1 XES Standard 
The XES standard was created in 2009 by the 

Architecture of Information Systems (AIS) research 
group from the Eindhoven University of Technology 
(TU/E) [20] and in 2010 was adopted by the Institute of 
Electrical and Electronics Engineers (IEEE) [21]. 
Nowadays, it is a well-recognized international standard 
for structuring, storing, and interchange event logs in a 
machine-readable representation primarily based on the 
Extensible Markup Language (XML) suitable for process 
mining implementation [22]. The XES standard is 
founded on the concept of a single case notion, meaning 
that events and their related attributes belong to one 
process instance. Under this standard event logs are 
generated by selecting the perspective of interest as the 
event activity related to a process sequence (i.e. process 
control flow, organizational, cost, time, etc.). Van der 
Aalst (2003) applied this case-handling approach in the 
building industry for first time to enable automated 
process modeling of unstructured construction process 
involving a lot of uncertainty by extracting construction 
operational data from WfMS of semi-prefab concrete 
floor elements and heating, ventilation, and air-
conditioning HVAC installations. 

2.2 OCEL Standard 
The XES standard relies on a single case notion to 

describe process executions, which is useful and needed 
to describe processes from a single perspective/angle at a 
time as required by the process analyst. However, for 
real-life processes such as those present in construction 
projects where the executed business operations might be 
composed of several cases (i.e., interrelated processes), 
the XES structure does not suffice to represent multiple 
cases within the same process model.  The OCEL 1.0 
standard, developed by the AIS research group in 2020, 
is an object-centric even log structure that empowers 
business analysts with the capability of structuring and 
storing multidimensional business processes. OCEL 

41st International Symposium on Automation and Robotics in Construction (ISARC 2024)

445



provides a more realistic view of business process 
behavior and normally stands between the source data 
coming from IS and the XES event log extraction. 
Multidimensional OCEL logs can be flattened into XES 
logs as needed for further analysis on specific process 
perspectives/views, yet one should be aware that the 
flatting approach can result into discovering false process 
behavior due to convergence (i.e., duplicated events) and 
divergence (i.e., considering or omitting events that are 
not part of the selected perspective) problems [23].  

3 Methodology 
Successful process mining implementations are 

highly dependent on well-structured event logs. Thus, a 
suitable method to generate machine-readable high-
quality event logs is of paramount importance. 

3.1 System-agnostic ETL Framework  
To this end, a system-agnostic framework for event 

log generation is proposed and depicted in Figure 1. 
Regardless of the data source system, the ETL process 
framework comprises (i) the extraction of the event data 
from source IS such as construction management systems, 
ERPs, and SQL databases. This data can be manually 
extracted in the form of comma-separated values (CSV) 
files. However, as this data is stored in siloed systems, 
the manual extraction is time-consuming and resource 
intensive. Thus, more automated extraction methods 
through representational state transfer application 
programming interface (RESTful API) calls or 

Structured Query Language (SQL) as Java Script Object 
Notation (JSON) or CSV file formats are advised; (ii) the 
transformation step is two-fold, first, the data resulted 
from API calls or SQL queries is stored, and second, the 
extracted raw operational data is automatically 
transformed into event logs according to either XES or 
OCEL standard structure through SQL queries or coding 
pipelines and (iii) the loading step consist in storing the 
constructed event logs into a data storage service (i.e., 
cloud-based SQL database) for process mining 
enablement. 

 
Figure 1. ETL framework for event log generation 

3.2 XES Data Structure Analysis 
Raw process-related data can be transformed (i.e., 

step 2 from ETL framework) into standard event logs that 
comply with XES standard. Figure 2 shows the Unified 
Modeling Language (UML) class diagram created based 
on the XES Standard [22]. The main components that 
should be kept in the event log schema definition include 
the log, extensions, global attributes, classifiers, traces, 
events, attributes, and data types[24].  

 

Figure 2. XES UML class diagram [22] 
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Event Log – An event log refers to a historical record 
of activities or transactions happening across processes’ 
lifecycle. Events are labeled with execution timestamps 
and grouped by a unique case identifier (i.e., process 
instance or trace). An event log can contain one or several 
event traces, and it should declare/contain any required 
extensions to semantically describe the process. 

Extensions –The extensions provide formal semantics 
and structure to the event log components by 
considering/assigning predefined attributes at various 
levels of the event log (i.e., log, trace, event). There are 
seven standard extensions in the 2016 version of the XES 
standard. New extensions can also be defined for 
domain-specific event log developments.  

Global Attributes – This class refers to the declaration 
of global attributes used when certain predefined 
process-related information needs to be contained in the 
log. These global attributes are assigned to every trace 
and event within the log. 

Classifiers – An identity can be assigned to each trace 
and event in the whole log using classifiers. These 
classifiers act as labels for traces and events that allow 
grouping them to compare against one another. An 
example of an event classifier shall contain two main 
attributes the event activity/instance name and the 
lifecycle transition of that activity (i.e., “Create Event – 
Complete”). 

Traces – They store the event activities related to a 
process instance or case. Each trace can contain several 
event objects. A trace can be seen as a list of activities 
during the execution of a process, the event activities are 
often chronologically ordered with the use of timestamps. 

 
Figure 3. Sample Standard XES Extensions 

Figure 3 provides a list of the standard extensions 
with a description of their attributes indicating the level 
at which they shall be declared. The “attribute value” 
column in Figure 3 also shows actual attributes’ values 
that can be included within each of the XES extension for 
a COMP, while the “Source Entity” column specifies the 
SQL table names from which the key-value pairs for each 
attribute can be extracted. 

3.3 OCEL Data Structure Analysis 
Raw digital footprints from business process 

operations can also be transformed (i.e., step 2 from ETL 
framework) into multidimensional event logs as per 
OCEL standard. The initial version of the Unified 
Modeling Language (UML) class diagram based on 
OCEL 1.0 event log schema definition. This schema 
comprises the log, global components, objects, events, 
elements, and data types [23]. 

OCEL Log–Similar to XES Standard, but without the 
trace and extensions class definitions. 

Global Components– They are different from the 
XES global attributes because these global attributes are 
not directly assigned to events, but the class element in 
the log. Even when in the case that there are no global 
attributes defined, these classes should be defined with 
the “value=INVALID” as it is required for the log 
composition. In other words, these classes act as higher-
level containers/placeholders, but the real execution 
process information comes from Objects, Events, and 
Elements/Attributes. 

Objects– This is the most important component of 
Object Centric Event Logs. Instead of traces for single 
case notions. OCEL is composed of a list of object types 
that can be seen/defined as multi-case event logs to 
discover a multidimensional process model. OCEL event 
logs can be flattened to XES logs via the objects. 

Events– Similar to XES, but they are related to 
objects rather than to traces. 

Elements/Attributes– Similar to XES, but related to 
objects and events (i.e., not to traces). 

Aiming to improve and simplify OCEL 1.0, OCEL 
2.0 standard has been recently released to facilitate the 
schema definition of multidimensional event logs in the 
form of a Common Data Model (OCDM). Figure 4 shows 
its UML class diagram. The main OCEL 2.0  components 
are the log, events, objects, event types, object types, 
object-to-object relationships, event-to-object 
relationships and their related attribute-value pairs 
[25].OCEL 2.0 data structure also sets aside the global 
classes previously considered in OCEL 1.0.  

Once the event logs have been generated according to 
either XES or OCEL standards following the proposed 
system agnostic ETL framework, process mining 
capabilities can be leveraged and implemented for key 
processes in the construction domain. 
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4  Event Log Generation Process  
The functional demonstration of the event log 

generation process mainly adopts the perspective from a 
General Contractor (GC) during the construction phase 
of a commercial office high-rise building project whose 
prime contracts (i.e., between owner and general 
contractor), budget, commitment contracts (i.e., between 
the general contractor and subcontractor), construction 
changes including Time and Materials (T&M) tracking, 
and their corresponding invoices are being managed on 
Procore construction management platform.  

Data Extraction - The event log generation from 
digital footprints is not a trivial task, in fact  it can take 
up to 80% of the process implementation efforts[15]. The 
first step consists of data extraction and collection from 
siloed data sources.  

 
Figure 5. Data extraction Procore API - Postman [26] 

In this case, the event activity timestamps, the event 
activity names, and their corresponding case identifiers 
resided on Procore, thus we extracted this information by

developing a connection data application and calling the 
Procore API endpoints using the RESTful framework as 
shown in Figure 5. 

4.1  XES Event Log Generation  
Data Transformation to XES - The transformation 

step depicted in Figure 1 consisted in changing the 
extracted raw process event data into XES event log 
format through SQL queries as depicted in Figure 6.  

 
Figure 6. COMP Data Transformation to Event Log 

A tabular excerpt of the generated event log for 2 
executed traces/instances of the construction change 
order management process is shown in Figure 7.  

          
Figure 7. COMP Tabular XES Event Log 

Figure 4. OCEL 2.0 UML class diagram [25] 
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4.2 OCEL Event Log Generation 
Data Transformation to OCEL - This transformation 

step consisted in changing the extracted raw process 
event data into multidimensional OCEL event log format 
though API calls and SQL queries. An excerpt of the 
generated tabular OCEL event log is shown in Figure 8. 
It is worth noting that OCEL format allows for multiple 
case ids also known as process objects that can be 
interrelated with one another and correspond to specific 
process events. 

 
Figure 8. COMP Tabular OCEL Event Log 

4.3 XES and OCEL Event Log Schemas  
The excerpt in Figure 9a presents an example of the 

generated event log in XES file format showing the main 
schema components described in Section 3.1. CSV 
tabular event logs can be transformed into XES using 
ProM [27], XESame[28],OpenXES[29] and PM4Py [30]. 
While Figure 9b presents an example of the generated 
event log in OCEL file format showing the main schema 
components described in Section 3.2. OCEL files can be 
converted from CSV into JSON OCEL using the Object 

Centric Process Analysis (OCPA) python library[31]. 

5 Discussion 
Most medium-sized and large construction 

companies often have their IT architecture up and 
running to store and manage their construction project 
data for instance in SQL servers. However, their current 
data-oriented IT architectures lack process awareness. To 
address this limitation, the proposed process-oriented 
framework allows for automated data extraction from 
construction business operations being managed in siloed 
IS. The extracted raw data can be stored in SQL relational 
databases, yet it need to be transformed in the form of 
event logs to enable process mining capabilities.  

The results from analyzing the event log 
transformation process for XES and OCEL help to 
identify some of the main differences and similarities 
between both standards as well as their main benefits and 
limitations. For instance, even though currently the XES 
standard is globally predominant, a trend exists towards 
adopting object centric event logs for multidimensional 
process analysis by generating a common data model 
OCDM of intertwined construction processes not only to 
analyze the actual process performance from single 
process perspective but also to be able to detect how the 
performance of a process of interest (i.e., process 
efficiency of COMP) behavior is impacted by 
interrelated process instances/objects (i.e., T&M, Change 
Events, Contracts, Invoices, etc.). As per their similarities 
include the fact that both shall include case (s), events 
and timestamps. Figure 10 provides a comparison table 
that results from the analyses described in Section 3. 

Figure 9. XES vs. OCEL Event Log Schema Definitions 
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Figure 10. Comparison XES vs OCEL standards. 

6 Conclusions and Future Work 
Current IT data architectures of several construction 

companies lack process awareness in the sense that they 
have poor visibility and transparency over the 
performance behavior of actual process executions. To 
address this limitation, this study proposed an ETL 
process-oriented framework for event log generation 
which extracts raw construction data footprints.  from IS 
and transform it into process event logs. The 
reconstructed event logs enable process mining 
capabilities to model, monitor and manage the actual 
performance of their construction business operations 
through automated means and methods. Besides, this 
study contributed to the body of knowledge by shedding 
light on the XES and OCEL data standard schemas 
understanding and their application specific for the 
construction domain.  
This research facilitates the event log generation process 
with proper syntax and semantics necessary for a 
successful process mining implementation that can 
support construction stakeholders during process audits 
and to streamline business operations that result in 
significant productivity gains. Despite the stated benefits, 
this study has the following limitations: (i) although the 
proposed framework aims to be system-agnostic, this 
study is mainly focused on Procore as the data source for 
event log generation, future studies should further 
investigate the framework’s validity when considering 
other data sources/IS; (ii) the scope of this study is 
limited to the event log generation phase, thus future 
work should elaborate on the process analytics phase 
through process mining algorithms; and (iii) the 
functional application is limited to a single project, so 
future analysis should include a benchmarking 
comparison of process performance behavior between 
two or more similar projects in different location and 

managed by the same or different companies. 
In this context, parallel studies are underway to 
demonstrate process mining automating and improving 
capabilities  in construction [32].It is also important to 
note that it is necessary to use formal  process modeling 
notations such as Business Process Modeling and 
Notation (BPMN) to represent the automatically 
discovered actual process executions, which can also 
enrich companies’ Standard Operating Procedures 
(SOPs) .Last but not least, future work in the construction 
domain should be focused on extending current 
descriptive and diagnostic process mining capabilities 
into predictive and prescriptive analytics by leveraging 
novel simulation and AI technologies[15] 
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