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Abstract

Conformance checking, as part of an Educational Process Mining (EPM) framework, is gaining popularity as it enables evaluating
learners' behavior within a learning process. During conformance checking, the recorded logs of a process are analysed with
respect to whether they match the underlying process model. In this paper, we investigate the applicability of conformance
checking in determining the potential use of a particular virtual laboratory activity in an educational setting, which is different
to the one that this activity was originally designed for. Our approach aims to use EPM to offer educators the ability to estimate if
a specific virtual laboratory is suitable for a new educational setting with relatively limited work from his/her side. To do so, we
use Unified Modeling Language (UML) Activity Diagrams (ADs) to map the problem of conformance checking to a Petri net (PN)
formalism. Then, we calculate the similarity of process models representing experiments using the simulation traces of the
corresponding Petri nets and the log file produced by the experiment's simulated execution in a virtual laboratory. The feasibility

of our approach is demonstrated on a virtual microscoping experiment.
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1. Introduction

Information and communication systems are widely
used to support the educational procedure. Useful data
is stored through extensive logging providing
insightful information about learners’ interactions
with their peers and the learning material and the
processes they went through (Bogarin, Cerezo, &
Romero, 2018; Cairns, Gueni, Hafdi, Joubert, & Khelifa,
2015). However, to achieve impact of some
significance, all collected data must eventually be
completely understood and transformed to actionable
and valuable information, (Athanasios Sypsas & Kalles,
2022; Tsoni, Stavropoulos, & Verykios, 2019). Apart
from data, all logged educational processes can also
serve as information resources, giving rise to a new
research area, Process Mining (PM), which aims to
monitor, discover and possibly improve processes by
extracting knowledge from stored event logs (Trcka,
Pechenizkiy, & van der Aalst, 2010). Though PM started

from the business community, it migrated to the
education field (Ghazal, Ibrahim, & Salama, 2017),
under the term Educational Process Mining (Trcka et
al., 2010).

In various educational institutions, including
universities and secondary education schools, virtual
laboratories are used to implement the appropriate
experimental environment for learners. However, a
simulator for a specific experimental procedure and
specific instruments cannot, in principle, be used
without changes in a similar experimental
environment. Therefore, a possible adjustment of the
experimental process is necessary in order to still
achieve the educational goals of the experiment even if
the experimental environment may alter among
different educational settings (Sypsas and Kalles,
2021).

In an educational context, a process is defined as the
sequence of necessary actions leading to a specific
learning outcome. Various educational processes can
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be modeled and simulated (Atanasijevi¢-Kunc & Karer,
2021). Specifically, in virtual laboratories, process
models can be used to abstractly describe all equipment
available in a real, physical, environment and the
experimental processes carried out therein via
simulation. EPM application on these processes,
contributes to the deeper comprehension of
experiments and learning flows, since the logged
learners’ actions are associated with the process
models describing the standardized experimental
procedures (Sypsas and Kalles, 2022).

The three main types of EPM are:

1. Process model discovery: The process model is
built from event logs.

2. Conformance checking: The model is
compared to the event log and deviations are
detected.

3. Process model extension: The process model
is extended or improved using information from
the event logs.

Figure 1 below depicts how EPM is applied.

Educational world Virtual learing environments (VLES)

Teachers
Students

Courses Supports/controls

4,

Exams

Lectures

%

Specifies
configures
implements

analyzes

Records the
Models events

analyze

-

‘ Discovery

(Process)
model

Conformance

AN, Extension Event
o < logs

B

Types of process mining

Figure 1. PM in education field (Bogarin et al., 2018)

When a process model is deployed, there may be a
gap between the design and its implementation. For
example the model processes are not exactly being
executed in the way they were envisaged for (Estafiol,
Munoz-Gama, Carmona, & Teniente, 2018). This might
be due to design or implementation faults, or because
the model users do not follow the exact process actions.
These situations can be recognized when conformance
checking is used. This PM technique compares model
processes with logged events and identifies deviations
between model and reality (Van Der Aalst, 2012).
Conformance checking techniques may also be used to
measure how accurate a process model is (Fani Sani,
van Zelst and van der Aalst, 2020). The standard
conformance checking technique is alignments
computation (van Zelst, Bolt, Hassani, van Dongen and
van der Aalst, 2017). Depending on the application, the
information that is carried out by alignments is not
required. Only the alignment value has to be calculated
to compare process models (Fani Sani et al., 2020).

The core idea of our work is to compare simulated
processes with the recorded ones in the event logs
when specific experiments are executed in a virtual lab.
Moreover, we provide helpful information to the
educator to decide if the specific virtual laboratory can
be used in various educational settings. Initially, the
different process models are expressed in UML Activity
ADs, describing the same experiment for different
educational settings. We used them because they can
model composite flows and both static and dynamic
aspects, needed under a virtual laboratory
environment. Then they are transformed to the
corresponding Petri nets, in order to apply
conformance checking, since process models have tobe
formally defined. We used Petri nets in our approach,
since the specific modeling formalism provides a long-
established model of concurrency with extensive
applications in modeling and analysis in various
domains (Rozinat and Van der Aalst, 2008). As the
proposed method just uses the simulated processes for
conformance checking, it is independent of any process
model notation. Based on the simulation traces of the
corresponding Petri nets and real event data generated
from virtual experiments execution into a specific
virtual laboratory, Onlabs
https://sites.google.com/site/onlabseap, a fitness
index between the experiments is calculated. The term
fitness is used to describe the way a Petri net and an
event log are matching or aligned and is the essential
element of conformance checking. The proposed
method additionally returns estimation whether the
same experiment in different educational settings can
be executed under the specific virtual laboratory. We
extended our previous work (Sypsas and Kalles, 2021)
towards the direction of examining event logs from
different users in the same virtual laboratory. By doing
this we implemented a more comprehensive
comparison, including expert users, educators and
learners from different educational settings. Thus, the
extra input event logs were used to validate our
approach.

The remainder of the paper is organized as follows.
In Section 2, the related work is summarized, while in
Section 3, we briefly review the preliminaries on UML
ADs, Petri nets and on conformance checking. Section
4 outlines the implementation, whistle Section 5
presents the results of the suggested approach and an
acknowledgment of the limitations of the current
research. Finally, Section 6 concludes by summarizing
and providing a brief plan of future work.

2. Related work

Computing alignments was firstly applied as a
conformance checking technique by Adriansyah
(2014), where a depth-first search was used to detect
the differences between the log traces and the system
model.

Estafiol et al. (2018) also applied conformance
checking techniques by incorporating them into a
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general framework to specify business artifacts. UML
state and activity diagrams were mapped into the Petri
net formalism in order to apply the conformance
checking technique

In the work of Taymouri and Carmona (2016) the
input log trace was firstly partitioned and then using
the resolution of Integer Linear Programming, a novel
class of alignments is provided contributing to the
exploration of model deviations. Other works mainly
used Automata-based approaches to calculate the
optimal alignment. In a research by Leemans, Fahland
and van der Aalst (2018) the model is compared both
with an event log and a model of the system under
study. Based on the state space exploration of
automata, Reiflner, Conforti, Dumas, La Rosa and
Armas-Cervantes (2017) computed all optimal
alignments between system log file and the model. A
different framework based on the decomposition of the
given model to smaller parts was implemented in
research by Munoz-Gama, Carmona and Van Der Aalst
(2014). The decomposed log traces were examined and
associated to each part of the initial model.
Consequently, the alignment is computed for each part
separately. Although this implementation is efficient it
has not global alignment, since some parts may be
aligned and some not.

As it turns out, the majority of the research on
conformance checking relates to business processes,
whereas, in the educational field, it is mainly applied to
check conformance of the students behavior within a
learning process (Anuwatvisit, Tungkasthan, and
Premchaiswadi, 2012; Pechenizkiy, Trcka, Vasilyeva,
Van Der Aalst, and De Bra, 2009). In our work, we take
the distinct view that conformance checking may be
applied to process models which represent virtual
laboratory experiments in order to help decide if they
can be deployed in educational settings for which they
were not initially designed for. To our knowledge, this
isthe first time that conformance checking is applied to
this domain.

3. Preliminaries

3.1. UML ADs and Petri Nets

A UML diagram is a partial graphical representation of
a system model, mainly used for the analysis of system
design, behavior and implementation. Moreover, UML
AD is used to capture the flow of activities representing
processes within a system. These processes may be
business processes, case processes, serious educational
games or experimental processes (Jena, Swain, &
Mohapatra, 2014). In our approach, we used UML AD to
model experiments executed in Onlabs virtual
laboratory at Hellenic Open University (HOU). The
specific model description refers to the recommended
procedure; in the virtual laboratory. The UML AD was
selected for modeling experiments for virtual lab, since
the design involves scientists from different domains,
such as Biology, Chemistry and Computer Science.
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However, the graphical representation of the behavior
of a system does not support formal analysis. In this
case, formal notations like Petri Nets (PN) or Automata,
are preferred.

A Petri net is a dynamic structure consisted of a set
containing transitions or actions that can be executed,
a set of places, which are indicated by circles and may
hold one or more tokens, and a set of directed arcs that
connect these transitions and places with each other in
a bipartite manner (Rozinat & Van der Aalst, 2008;
Toguyéni, 2021). They consist a graphical and
mathematical modeling tool applicable to many
systems and frequently used for describing and
studying information processing systems that are
characterized as being concurrent, asynchronous,
distributed, parallel, nondeterministic, and/or
stochastic (Murata, 1989).

A PN without any initial marking is represented as a
three-tuple N = {P, T, F}, where

P = {py,p2, -, pn} is a finite set of places,
T = {t,,t,, ..., t,} is a finite set of transitions,
F S (PxT)U(T X P) is a set of arcs.

The set (P x T) represents the directed arcs from T to P,
while set (T x P) includes the directed arcs from Pto T,
respectively. A system behavior can be described, using
PN, in terms of states and their changes. A state can be
changed based on the transition rules while a transition
without any input place is called a source transition
(initial), and the one without any output place is called
a sink transition (final). Based on their properties, PN
are allowing the modeling of concurrency, choices, and
iteration. In order to move from UML AD to PN, a formal
mapping between them needs to be implemented.

Mapping rules from ADs to PN have been proposed
In research, considering modeling elements in both to
be equivalent if their execution semantics are the same
(Chishti, Basukoski, Chaussalet, and Beeknoo, 2018;
Huang, McGinnis, and Mitchell, 2019). In the
experiments implemented for HOU, there are 42
activity nodes for microscoping and 48 activity nodes
for aqua solution experiment respectively, including all
actions, initial and final nodes, decision nodes, join
nodes and merge nodes. Based on the work of Huang et
al. (2019), we implemented corresponding PNs of the
experiments under study, for university and secondary
education institutions. Subsequently, the formed PN
models were verified and simulated, using the tool,
Yasper. More information about the specific tool can be
found in the following website:
https://www.yasper.org/. Although the specific tool
does not yet offer automatic verification of proper
completion, simulation is used to all possible
deadlocks, bottlenecks or any other modeling errors.
Below, in Figure 2, part of the corresponding PN of an
experimental procedure in HOU is shown, and in Figure
3, part of the PN for a similar experiment in secondary
education is depicted.
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A Workflow Net (WF-net) is a Petri net having only
one start place, a single end place and every node must
be on a directed path from start place to end place. The
start place has no incoming arcs and the end place has
no outgoing arcs. The model tasks are represented as
WF-net transitions and there are no dead transitions.
The experiments designed for a virtual laboratory
environment, like the Onlabs in HOU, as a workflow
processes, can be represented by using WF-nets.
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Figure 2. Part of the Petri net for HOU experiment
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3.2. Eventlogs

When a process is executed, the sequence of steps or
activities is called trace. The multiset of traces is called
event log and it is recorded in a log file. This multiset
represents the system behavior during the execution of
the specific process. The stored events refer to an
experimental step during the execution under the
virtual laboratory and they are totally ordered. Figure 4
shows example log for the experimental processes used
for conformance checking.

Actions executed:

used mic_plugwith socketl

set mic_AC_switch on

rotated mic light intensity knob
rotated mic_ocular_right

rotated mic_ocular_left

rotated mic_revolving nosepiece
picked up slide to the inventory

picked up slide_coverto the inventory
picked up paper_scrap to the inventory
picked up pasteur_body to the inventory
used paper_scrap with slide

used pasteur_bodywith beaker

picked up pasteur_body to the inventory
used pasteur_bodywithslide

used slide_cover with slide

used slide with mic_stage

rotated mic_fine focus_knob

rotated mic_y_axis_knob

focused on microscope_instrument

Figure 4. Log file produced from microscoping experiment in virtual
laboratory Onlabs

3.3. Conformance checking

Conformance checking technique is based on the
alignment calculation between the stored event logs of
a system and the model of the system under study. The
observed (logged) and modeled behaviors are
associated in order to conclude if they differ. The term
alignment was defined in the work of Adriansyah
(2014) as the technique discovering the best model
trace that resembles a process instance, when an
observed trace of representing activities is given.
Additionally, all logged events that are not associated
with any task in the model are removed before starting
the analysis. Having in mind the above, the execution
traces of the system operation are stored in an event
log, and then the possible nonconformities between
traces and the process model are evaluated.

In order to compute the alignment, the moves
(tasks) in the process model need to be related with the
moves (events) in the trace contained in the log file
from experiment execution. Initially, the tasks in the
model describing the experiment have to be associated
with the logged events in the recorded trace. This is
achieved by using a label denoting the associated log
event type (if any) for each task in the model. For
example, having a Petri net with labels I of process
model tasks/actions ¢t named as I(t;) =k, I(ty) =
ky, U(t3) = k3, U(ty) = ky, Where ky, k, k3 k, are the logged
events and a stored trace o = k,k,k;k,k,, possible
alignments are:

_ |kalkzlkslks) _ |kalkalkalky _ |kalkzlkslky|
R AT AT [C [ty]ta]ts I’ A [ty]tz]t5 |
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The top row refers to the trace stored in the event
log, while the bottom row to the process model tasks.
Notation 1 is used to describe the nonappearance of a
model task. So, the third move in y; is (ks,1), declares
that when a trace action k; is done the process model
does not move (none task is executed). So the moves in
a labeled Petri net can be synchronous, when both
model and log move, or asynchronous when only log
moves, or only model moves, and illegal move
otherwise (Rozinat and Van der Aalst, 2008).
Subsequently, the fitness as part of alignment can be
defined as:

fitness = (events in trace mimicked by the model )
/(total moves in the observed trace)

The closer the fitness value is to 1, the more similar the
model is to the event log file. When none of the model
task occurs in the log file the metric value is 0. On the
contrary, when every task occurs at least once in the log
the metric value is 1.

Expressing a WF-net as N, the initial marking of the
net as mg,. and the final marking of the net as m,,,, the
tuple SN = (N, mgare, Meng) represents a system net
(Taymouri and Carmona, 2020). The full firing
sequences of SN generate the set {o|(N,mszare)[0 >
(N,m.nqa)}. Then, the fitness metric defined above, can
be expressed as: A trace ¢ € 2* fits SN = (N, Mmgiqre, Mena)
if (N, mgare)[o > (N, menq), Where 2 is an alphabet of
events and a trace isaword o € Z*.

4. Implementation

The alignment calculation as the main part of
conformance checking technique is used to compare
the traces of virtual laboratory log file and the PN of the
same experiment in secondary education. As a result,
we conclude about the possible use of the same virtual
laboratory in different educational settings.

As a first step in our approach, the experiments for
university and secondary education level are modeled
using UML ADs and the corresponding WF-nets. Then,
they are run and a finite set of simulation traces is
produced. In order to compute fitness for alignment,
we produce the log file by running the simulation of
university experiment in virtual laboratory. Thus, the
recorded log file contains the ordered tasks for HOU
experimental procedure. These traces are stored in a
called simulation log file and will be used for fitness
computation between models. Successively, the
experiments are executed in the virtual laboratory from
different users (expert users, teachers and students)
and the produced logs are recorded. The tasks in the
process model are associated with the logged events.
The mapping results are stored in an association
database, containing associated model events and
logged traces. In the previous step, the mapping
between the model trace and logged events is achieved.
This mapping is used in order to compute the fitness
between the model of the experiment in secondary
education and the logged trace from execution of the
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experiment modeled. Fitness results are calculated for
the log files produced from the different users,
contributing to conclude whether the same virtual
laboratory can be used with or without further
investigation for the execution of the experiment in a
different educational setting. The figure 5 below
depicts the implementation framework.

5. Results and Discussion

The implemented approach was applied on the
experiment of microscopy, which is essential part of
the laboratory biology education both for university
and secondary education level. When the university
experiment was executed in virtual laboratory by a
secondary education student, the calculated alignment
was quite successful, as a total of 22 actions of the
process model for secondary education occurred in the
log file in a total of 36 logged events, giving fitness =
0,62. In order to validate the result, we asked from
external users to execute the same experiment under
the same virtual laboratory. These were 1 expert user, 2
teachers from secondary education (1 biology and 1
chemistry teacher), 2 students from upper secondary
education (Lyceum) and 2 students from lower
secondary education (Gymnasium). Since the
experimental process was not guided from the
software, users followed the experimental steps at their
own will. The results of these executions are shown in
Table 2.

Table 1. Fitness calculation for different users on microscoping

User Fitness
Expert user1 0.77
Teacher1 (Biology) 0.75
Teacher2 (Chemistry) 0.72

Upper Secondary Education studentl  0.68
Upper Secondary Education student2  0.69
Lower Secondary Education student1  0.62
Lower Secondary Education studenti  0.61

Based on the results, the majority of the process
model tasks for the experiment in secondary education
are contained in the logged events produced by the
experiment execution in the virtual laboratory
designed for university use. However, some of the
model tasks are in different order, so some alignment
may be necessary. For example, the decision node of
whether lens 4x is active in the microscope is in
different order between the model event for secondary
education experiment and the logged trace from
university experiment. Still, the general learning
outcome (manipulate microscope lenses), which is set
by the educational program, it can be said that is
achieved. Having in mind the fitness calculation, the
concluding learning outcome achievement decision
depends on the educator’s opinion. Although, the
fitness calculation discovered that the expert user and
the teachers executed the given experiment in a way
that is close to the process model, students from
various educational settings achieved rather small
fitness. Hence, the above alignment calculation results
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revealed that the microscoping experiment in
secondary education can be executed using the same
virtual laboratory used for university level. This aligns
with the results of the research from Sypsas and Kalles
(2021). Summarizing, when our proposed approach is
applied, the secondary education learners can gain
access to educational tools and educational benefits
used mainly for distance education in university
settings. In case, the educator may decide whether the
experimental steps need to be changed to meet the
learning outcomes, the process model is modified to
depict these changes in order to achieve the specific
learning outcomes.

Of course, there still exist limitations. Even though
the users for validation check are from different
educational settings and areas of expertise, the

promising results of our research must be seen under
the lens of the limited application of our approach on a
single experiment. Therefore, further research
concerning other experiments executed in various
educational settings must be carried out.

6. Conclusions

Conformance checking in the context of Educational
Process Mining is mainly used to detect deviations
between expected model behavior and actual model
execution. Therefore, actual stored log files of the
investigated system are used to compute a similarity
index, by aligning the model of an experiment in a
specific educational level to the logged file produced
from simulation of the same experiment in a different
educational level.
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Figure 5. Implementation framework for Conformance Checking application

We have presented a framework to assist educators
in making a decision about the use of a specific virtual
laboratory in an educational setting which is different
from the one which inspired the original Virtual
Laboratory development. We implemented the
application of alignment technique on the process
model for secondary education experiment and the
logged data from experiment execution in a virtual
laboratory for university. Finally, our approach was
applied by various users from different educational
settings and the results revealed good performance in
well-defined experiments, concluding whether they
can be executed in the same virtual laboratory

environment without further investigation.

In order to tackle the limitations of our present
study, we are using the proposed approach for
validation on other experiments which are commonly
executed in a variety of educational settings, all with
possible changes between them (the actual experiment
we are working on is the production of an aqueous
solution). Moreover, we are working on the virtual
laboratory simulator recommendation system,
depending on the user profile. We expect that the
integration of those two research directions will
provide a more thorough learning toolkit to educators
and learners alike, in a variety of educational settings.
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