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Abstract

:

This paper deals with the possibility of predicting student’s grades based on their usage of Learning Management System (LMS) Moodle. It is important to know what materials would be best suited in LMS as study materials and what materials could be improved or removed based on the student’s usage of the materials and the final grade. In order to do this, the correlations between access to materials and the final grade were observed. These correlations could also be used to predict the grades of the student. Therefore, a model with Petri nets was created that based on the highest correlation would be able to predict what grade the student would get based on his usage of LMS. Obviously, it would not be possible to predict every result with certainty, however, more precise predictions could be obtained with higher correlations.
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1. Introduction


The implementation of new technologies and practices into education currently represents the greatest support for the development of learner’s cognitive and intellectual abilities. A virtual university system enables to create a virtual classroom on the web. Such systems combine learning management skills with student collaboration capabilities to support learning abilities such as exercises, discussions and grading. Due to the increasing popularity of distance learning, a number of software tools for distance learning for web browsers have been developed. These systems have been used at various universities and departments.



The static structure of information on the web, whose task is to provide information, has long been succeeded. More and more web software systems are being created that are more complex than ever. From a usage point of view of these systems, the need to enrich the information space of the heterogeneous resources under which these systems work is becoming increasingly important, with elements of user adaptation and/or user experience. The goal is to present personalized information to the user, in other words, information that is relevant to the user in a way that is best suited for that user [1].



This paper focuses on the educational processes that happen inside the Learning Management System (LMS) Moodle. The open-source LMS Moodle is useful for creating an effective online learning community. It also encourages learners to participate in the learning process and helps teachers who aim to improve the learning performance of their students through creative collaboration [2].



Moodle (Modular Object-Oriented Dynamic Learning Environment) is an open source LMS developed in Australia in 2002 and has been available since the 1.0 version was released in March 2011. Moodle is used for blended learning, distance education, flipped classroom, and other e-learning projects in schools, universities, workplaces, and other sectors [3]. As a famous learning LMS, Moodle is a diversified technical tool that supports an evaluation of blended learning. Authors in the paper Engaging Asian students through game mechanics: Findings from two experiment studies [4] used Moodle to report the effects of game mechanics to foster users’ engagement in blended learning and found that the digital implementation of game mechanics automatically kept track of students’ activities in Moodle. Moodle provides a number of ways to express and share the knowledge that learners possess. Moodle also provides a good tool for monitoring community learning activities. Through these collaborative activities, learners can create new knowledge on their own and further develop critical thinking and flexible creative problem-solving skills through mutual cooperation between members [5].



The Moodle LMS is customized and has several features available for teachers to assist them in teaching. The LMS is generally used for delivering course content, course progression plan, grading, creating activities, collecting course feedback, and communicating with course participants. Among several features, only a few of them such as assignment, feedback, quiz, and workshop modules are considered very essential and are heavily used [6].



The aim of this paper is to use modeling with Petri nets to predict the student’s success based on his/her passage through the e-course and thus to design models that could be used to create better e-courses for LMS Moodle.




2. Related Work


The introduction of information and communication technologies (ICT) into practice has brought changes in all areas of society including in the field of education [7]. However, in order to fully utilize the potential of these technologies, a new approach to education is needed. This, in turn, requires a new model of the educational institution whose processes would be changed by the use of ICT [8]. Without changing the existing educational process, it is unlikely to achieve a different learning outcome. Information and Communication Technologies have become one of the pillars of modern society and a natural part of the everyday life of most people. Education is no exception. Today, the use of ICT in education varies depending on the countries and types of educational institutions, as well as between institutions. However, the use of technology is a standard in most universities. Examples include LMS and Virtual Learning Environments (VLE) [9].



The great potential of these methods lies in the ability to open the black box and “see” what education actually looks like in online learning environments. Although the use of LMS in teaching is relatively common in many colleges, teachers using LMS in their classroom often do not have many opportunities to see exactly what is happening in their online courses, how students behave, or how they access online materials or progress when engaging in learning activities. Generally, LMS does not automatically include advanced data acquisition tools, while the external data acquisition tools are too complex for teachers and their features to go beyond what the educator may require [10,11].



Regarding the process extraction, the first reference to the method is defined in the process mining in the first Handbook of Educational Data Mining (EDM) [12] as one of the basic EDM techniques. It was, however, mentioned as a technique that had been used rather sparsely until then, as the existing EDM approaches have rarely focused on the process as a whole [13]. Nevertheless, process mining in education is attracting increased research attention. Its potential use in education has been discussed by Reimann and Yacef [14] among others. Reimann et al. [15] dedicated their critical article to process mining from the perspective of methodological challenges in data-intensive research methods.



A browsing behavior model based on High-Level Petri Nets (HLPN) to generate behavioral patterns for e-learning was written by authors Yi-ChunChang et al. [16]. Many researchers have made great efforts to promote high-quality e-learning environments such as adaptive learning environments, customized/adaptive guidance mechanisms, etc. These studies must collect a large number of behavioral patterns for verification and/or experimentation. Collecting sufficient behavioral patterns usually takes a lot of time and effort. To solve this problem, Yi-ChunChang et al. proposed a Model of Browsing Behavior (B2model) based on High Level Petri Networks to model and generate student behavior patterns.The established behavioral patterns are compared with the actual behavioral patterns collected from primary school pupils. The results confirm that the generated behavioral patterns are analogous to the actual behavioral patterns.



An example of the use of Petri nets in education could be described by authors Balogh et al. in the article The possibilities of using Petri Nets for realization of a universal model of educational process [17]. This work summarized the results obtained from the design, creation and implementation of a universal model of educational processes with the use of Petri nets. Based on the created models in Petri nets, it was possible to verify and simulate individual processes through which the student passes through the e-course in LMS. The universal model was implemented at the Department of Informatics in 2009/2010. The module is used in technically oriented courses, mainly in the field of applied informatics. The results obtained from the use of the module are mentioned in the debate and show that in this way it was possible to find certain rules of behavior of students in the e-course in terms of use and compare them with the created process models. In the resulting effect, it was possible to remove all disturbing elements from the e-courses and make them more efficient and attractive. The universal model of educational processes supported by Petri nets has thus contributed to improve student abilities and skills without them knowing it.



In the article Possibilities of Modeling Web-based Education Using IF-THEN Rules and Fuzzy Petri Nets in LMS and in the book Process Modeling Using Petri Nets, there was an example of a fuzzy Petri network which described the modeling of student knowledge that was used in the following example [18,19].



Serial machines, commonly used to describe the behavior of learning processes, have several limitations in modeling complex processes such as the number of states.Therefore, Petri nets are used for given purposes derived from the expanding modeling capabilities of series machines.



One of the advantages of modeling educational processes using Petri nets is their formal description enriched with graphical representation. It allows the precise and exact specification of the educational process and elimination of design ambiguities, uncertainties and contradictions. In addition to the visual representation, Petri nets also have a mathematical basis that is well used in software tools to specify and analyze computer-based educational processes [20]. The article described the creation of a rule-based model. With TransPlaceSim, the rules could be recovered.



The publication Finding learning paths using Petri nets modeling applicable to e-learning platforms [21] presents an approach to model courses with the help of Petri nets. The method can be used to support the development of electronic learning platforms, such as LMS, allowing student guidance in a decision to achieve a particular goal. This goal can be simple, such as passing a course, or even complex, such as combining different modules from different courses to get a qualification. Each course is characterized by a group of modules and the relationships between them. Each module is represented by a Petri net model, and the structure of the module that represents the course dependency is shifted to the next Petri net. Additional courses or modules can be added as their associated Petri Network models can be easily assigned using additional operations. The contribution of this work lies in the use of common techniques to analyze Petri nets to limit student possibilities to optimize his/her path towards grades and qualifications. A simple example with a scenario of a few courses and modules was used to illustrate the approach.



There are many examples where Petri nets are used to model educational systems. They are used in systems where the teacher becomes the main element of the process of learning, modeling a course or using higher-level Petri nets to group materials in e-learning. The work has focused on creating a complete model of an e-learning system that would provide several courses and modules and it would encourage students to find a specific way to achieve their goals in accordance with their needs [22,23].



The Basic Concept of Petri Nets


Petri Net (PN) is a graphical and mathematical modeling tool that has the advantages of graphical notation and simple semantics [24]. Petri nets designate a wide class of mathematical models that allow modeling and describing control flows and information dependencies within a system.



A PN is a 5-tuple [24,25]: PN = (P,T,A,W,M0), where




	
P = {p1,p2,…,pm} is a finite set of places. A place represents a circle, such as p1,p2 and p3 in Figure 1.



	
T = {t1,t2,…,tn} is a finite set of transitions. A transition represents a bar, such as t1 in Figure 1. The intersection of P and T is an empty set, while the union of P and T is not an empty set, i.e., P∩T = ∅ and T∪P ≠ ∅.



	
A⊆(PxT)∪(TxP) is a set of arcs connecting places and transitions, such as the arrowhead from p1 to t1 depicted in Figure 1.



	
W:A→{1,2,3,…} is a weight function, whose weight value is positive integers. Arcs, i.e., arrowhead, are labeled with weights. For example, in Figure 1, the arrowhead from t1 to p3, which is labeled with “2”, is denoted as W(t1,p3) = 2. When the weight is unity and/or “1”, the label of arc is usually omitted, e.g., W(p1,t1) = 1 is omitted in Figure 1.



	
M0:P→{0,1,2,3,…} is the initial marking. If there are k tokens inside place pi, it is said that pi is marked with k tokens. For example, in Figure 1a, p1 is marked with one token, which is denoted as M(p1) = 1. p2 is marked with two tokens, which is denoted as M(p2) = 2. If Figure 1a is the initial status, the initial marking is denoted as M0(p1,p2,p3) = {1,2,0}.








A transition t is said to be fired if all its input places pi are marked with at least W(pi,t) tokens, where W(pi,t) is called the firing condition of transition t. For example, in Figure 1, the firing conditions of t1 are W(p1,t1) = 1 and W(p2,t1) = 2.



A firing transition t removes W(pi,t) tokens from each input place pi and adds W(t,pj) tokens to each output place pj. For instance, since M(p1) = 1 and M(p2) = 2 have satisfied the firing conditions of t1 in Figure 1a, t1 is fired. After t1 is fired as Figure 1b depicts, t1 has removed W(p1,t1) = 1 token from input place p1 of t1 and W(p2,t1) = 2 tokens from input place p2 of t1, respectively, and then added W(t1,p3) = 2 tokens to output place p3 of t1 [16].





3. Materials and Methods


The aim of the work was to model using Petri nets to predict the student success based on his/her passage through the virtual learning environment and thus to design models that could be used to create better e-courses for LMS Moodle. Based on the created educational models in Petri nets, the individual processes could be verified and simulated that were performed when the student passed through the virtual learning environment. An important phase of the work was the mathematical formalization of created models and the implementation of uncertainties that were found in learning and acquiring knowledge using LMS into the created models. The efficiency of the created models would be verified using statistical methods of cluster and correlation analysis.



Workflow was as follows:




	
A design of student behavior models in a virtual learning environment, i.e., study of materials in individual parts of the course, models of logical functions, loop models, condition models, deadlocks, etc. that could simulate the student behavior in the virtual education system and its subsequent rating.



	
After creating the appropriate educational models, it was possible to create a new e-course and test it with the models created for the e-course.



	
A creation of an e-course from the proposed Petri Network models.



	
After result evaluation of the real e-course using models designed for the e-course, it was possible to find out which parts of the e-course were most used for study and especially which parts contributed the most to the better grades of the students.








Real values, learning outcomes from previous years of student evaluations, could be implemented into created educational models and thus verify and subsequently predict student behavior. Models could be completed that required real student ratings to verify their veracity.



Figure 2 shows how the results of the research were achieved. Using the conceptual models of Petri nets from the previous chapter, an e-course was created that would also deploy in the classroom and an e-course model that would be used to simulate the behavior of students in the e-course. From the e-course, log files would be obtained to know how students behaved in the e-course and which parts they used. In addition, information about students passing the test would be acquired. Predicted results from the e-course model would be obtained and then compared with real results.



3.1. Modeling Uncertainty with Petri Nets


The Uncertainty is present everywhere in the real world as well as in the teaching process. No matter how the student behaves in the e-course, how he/she learns, it is not possible to determine precisely how successful he/she will be in the final exam. Its result is always determined by factors that are not possible to be accurately determined. For this reason, it was appropriate to propose the principle of modeling uncertainties and processes that commonly occur in the real world. This would enable to model situations where the outcome was not precisely predetermined, or situations where the outcome was only a probability and not an obvious truth or falsehood.



So far, if a higher chance of an event using Petri nets was needed to be simulated, one way was to add multiple transitions between the places with higher probability of the given event (Figure 3).



When the weight was added to transitions, the first three transitions could be swapped for one transition with a weight of 3. Then there was a chance that the token would move to P1 is 3:1 [26,27]. The approach was useful in calculating the final probabilities of multiple branched events.



The weights were used in stochastic Petri nets when multiple transitions were active but the firing of one prevented the firing of the others. With the weighted transitions, the model from Figure 3 could be changed to the model from Figure 4.



In Figure 4, transition T0 had a weight of three and a transition T3 had a weight of one. The likelihood that a token would pass from P0 to P1 was the same for both models [28]. For the simple decision example, the probability of a result could be calculated by dividing the weight of the firing transition with the sum of the weights of the concurrently active transitions.


  p =    w 0      ∑   i = 0  n   w i     



(1)




w0 was the weight of the firing transition and, wi was the weight of the i-th active transition. In the case of the parallel models of Figure 5, the probability of the final state depended on the combination of the final state probabilities of all concurrent models.



For concurrent models, the probability of activating two independent transitions was calculated as follows:


  p =    w 0   w 3      ∑   i = 0  n   w  0 i     ∑   j = 0  m   w  3 j      



(2)




w0 was the weight of the first transition, and w3 was the weight of the second transition, where both could fire simultaneously without deactivating each other. w0i and w3j were the weights of the i-th and j-th group of active transition, where the firing of one deactivated others. The transitions for which firing of one deactivated the others were called the group of transitions of transition T. The weight of this transition was called w and the weights of transitions from the group were called ws. Therefore, the previous formula could be generalized to:


  p =   ∏   i = 0  n     w i      ∑   j = 0  m   w  i j      



(3)




p was the probability of the state to which the model could get out of the current state by firing the correct transitions, wi was the transition weight of the transition group that fired during this step, and wij was the transition weight from the transition group Ti. The formula only worked where the models were concurrent and independent. If models were linked, other formulas needed to be used. In this case, the problem was the increasing number of possible combinations of active transitions. For the example in Figure 6, it was necessary to use two different types of formulas for two different activation options.



For the model in Figure 6, two different situations needed to be considered: Only independent transitions (T3, T4, T5, T6, T7, T8) would fire, or one dependent transition (T0, T1, T2) and two independent transitions would fire. A dependent transition was one that had more than one entry place.



The sum of weights for all active transitions was defined as:


  s =   ∑   i = 0  n   w i   



(4)







Then, the probability of activating one dependent transition and two independent transitions, such as T0 and T7 or T8, was calculated as:


  p =    w n   s  ·    w i      ∑   k = 0  n   w  i k      



(5)




wn was the weight of the dependent transition, wij was the weight of the independent transition, and wik was the weights of the transition from group Ti.



The probability of firing of all independent transitions was calculated as:


  p =   ∏   i = 0  n     w i      ∑   j = 0  m   w  i j     ·   s −   ∑   k = 0  o   w k   s   



(6)




wi was the weight of the i-th independent transition, wij was the weight of all independent transitions from transition group Ti, and wk was the weight of the dependent transitions.



Another approach that worked for all types of models, but only in the case where the weights were ignored, was to find out all the variants of firing transitions. If the permutations of all possible transition firings were taken, the number of options through which the model could get into the next states would be obtained. Taking into consideration the number of states the model can get into and the sum of the permutations of all the transitions firing, the number of all the transition firings could be obtained. If the numbers were divided now, the probability of that state would be aquired.


  p =   n !    (    ∑   i = 0  m   n i  !  )     



(7)







In this case, n was the number of transitions that fired, and ni was the number of transitions that were active for each state acquired from the state [29].




3.2. Observing Student Movement in LMS


Moodle log files were used to track the movement of students in the e-course. Moodle is used for four primary purposes: (1) making course materials available for browsing when describing class contents, (2) performing a quiz during class, (3) referring to an external web page, and (4) submitting a report at the end of the term. To analyze learning history, it is desirable to clarify the purpose of collecting Moodle course logs [30]. Moodle provided an easy way to get student access logs. With just a few clicks in the Moodle administration page, Moodle would export the log files in .csv format. The logs contained:




	
Time



	
User name



	
Affected user



	
Event context



	
Component



	
Event name



	
Description



	
Source



	
IP








Time, user name, event name, and context were essential for the purposes of the research. It was also necessary to remove teacher access from the log files, as they were also written to the log files, but were not needed to model the student behavior. The logs were organized as follows: The main unit was a student. The student contained a session number. Each session contained links to the Moodle logs that displayed which parts of Moodle the student had visited during that session. The sessions were obtained from the Moodle logs. To get a session, the data were organized by name and time. Based on the work [24], an upper time limit was created − θ. Exceeding this time limit meant a new session. If the time on the first page in one session was t0 and the user’s current URL was t, then this page was considered as one session if the inequality t − t0 ≤ θ was true. While for the next page, it was inequality t0 + θ > t.



This was the first page of the next session. Normally, θ was set to 30 min. The time of the following accesses were important. If the following access was created sooner than 45 min from the previous one, it was assumed to be a single session. If the time interval was greater than 45 min, it was a new session. An interval of 45 min was chosen because normally one lesson took 1.5 hours. In this case, if the student did not attend the course at least twice during one lesson, we could assume that they did not use the e-course during that lesson [31,32,33]. Based on these times, the sessions were removed that contained only one entry, as this was not a session but only one login per class.



However, in addition to observing the sections visited, the focus was on the number of visits in the “Book”, “Lecture” and “Assignment” sections. The log files showed that only these items were used by students to study. The aim was to find out how the number of study material visits would affect the final grade of students. First of all, attention was payed to visits to materials used to study the principles of operating systems as the exam itself was largely theoretical.





4. Results and Discussion


After entering the data from log files, grades and attendance into Excel, graphs were obtained that in detail described the following section. In the charts, the correlation between the grade and the number of visits was observed.



In Figure 7, it was obvious what grade the students got based on access to the study materials “Lecture”. The horizontal axis represents the number of visits and the vertical axis the final grade of the student. The lectures were in PDF format. These contained the most information to help students to pass the exam. The correlation of attendance and final ranking was −0.48723, the highest for this section, which represented a moderate correlation rate. The correlation analysis examines the tightness of the statistical dependence between the quantitative variables. The correlation coefficient is the extent of the linear dependence of the two variables. The coefficient is calculated by dividing the covariance with the standard deviation. The value of the coefficient is in the interval from −1 to 1 where −1 represents the indirect proportion, 1 is the direct proportion, and 0 represents the independence of X and Y. According to Cohen, the interpretation of the correlation coefficient is divided from 0.0 to 1.0 (trivial correlation, small, medium, big, very big, almost complete).



Figure 8 presents what grade the students got based on access to the study materials in “Book”. The horizontal axis represents the number of visits and the vertical axis the final evaluation of the student. It was the Book module in Moodle that enabled to easily create multi-page resources with a book-like format. The book module made it possible to divide the curriculum into main chapters and subchapters as this module was intended to be a simple source of information for both students and teachers. It also contained the amount of information required for the test. The correlation of traffic and final ranking for this section was −0.43531, the second-highest, which represented a moderate correlation rate.



Figure 9 shows what grades students got based on assignments submitted during exercises or at home. The horizontal axis represents the number of submitted assignments and the vertical axis represents the final grade of the student. The correlation for this figure was −0.33359, and the correlation was also classified as a moderate correlation rate.



The last statistic to be observed was the student attendance. For the Figure 10, the correlation was −0.26355, the lowest, which already represented a low correlation rate.



4.1. Model of the Final Exam in Petri Nets


Each student was allowed two attempts for the final exam if he/she failed to pass the exam the first time. Based on student grading, a model in Petri Nets was created that showed how students proceeded with passing the exam.



The “Start” location represented the number of students who took the exam this year. The model (Figure 11) also used transition weights to display the distribution of grades from a single exam. Transitions in which “Exam”, “Exam 2”, and “Exam 3” places were entered, had weights set according to the number of students who received a grade for the exam, as determined by the exit points of these places. In the model, weights were displayed by transition weights so it was shown that four students after the first exam did not come to the next exam, and five students did not take the third exam after failure, but the students who came to the third exam all succeeded. Observing the model, the question arose whether it would be possible to see any improvements in the grade among exams in terms of visits to study materials.



In the model of Figure 12, “Mat 1” and “Mat 2” were added to serve as an e-course visit counter. “The Book” and “Lectures” were the chosen materials to observe. In the previous graphs, they displayed the most significant correlations and they were the only materials that could be used to study between the exams. The tracking data from the model produced interesting results. For students who failed the first attempt, the correlations between their grade obtained after successfully completing the second or third attempt and their time spent studying in the e-course were insignificant. For students who completed the exam after the second attempt, these correlations were −0.24551 for Book visits and −0.13365 for Lecture visits, both of which represented a small correlation. For students who completed the exam on the third attempt, correlations were positive, 0.555851 for “Book” visits and 0.610275 for “Lectures”, which would mean that the less they studied, the better grade they got. It could be assumed that these correlations could be explained by the possibility that students cheated on the test or having only a small sample of students for the test (five students).



For this reason, the students who passed the exam on their first attempt or did not come to the next dates were observed more. For them, the correlation of the final grade and the time spent studying in the course was most striking, as explained below.



For students who succeeded on the first attempt or gave up after the first attempt, correlation based on Moodle“Book” visit was −0.43742. Their arrangement can be seen in Figure 13.



For students who succeeded on the first attempt or gave up after the first attempt, the correlation based on Moodle“Lecture” visit was −0.58561, which represented a greater correlation. This is shown in Figure 14. This was the most significant correlation of all.



To sum up, it is not possible to conclude that the only contributing part to improve student grades was the PDF lectures that students could view in Moodle. Neither participation in the exercises nor the practical assignments submitted to the exercises had a significant impact on the final evaluation of students.




4.2. Model of Grade Prediction


Based on the obtained graphs, it could be presumed that the parameter that influenced the students’ success the most in the final exam was their visit in “Lectures” material in Moodle. Therefore, the graph in Figure 14 was created.



The graph shows what final grade students received when they accepted the course. According to the number of hits, they could be divided as follows:



In the first row of Table 1, there are ranges of visit counts. They were obtained from Figure 14 by looking at the ranges of visits in “Lecture” material for each grade. The maximum range was determined by the highest visit number for that grade, and the minimum was determined by the last visit number that did not figure for a lower grade. The second row shows the number of students for the given lecture visit ranges. The numbers of students who received a certain grade for a given number of visits can be seen in the rest of the table. Based on the table, the following model of Petri nets could be created:



From the start place (Figure 15), the token got to one of the categories selected based on the number of student visits to the lecture. These places were selected according to the graph in Figure 14. In this model, transition weights were used that were set according to the number of students assigned to the categories. Subsequently, the token got to the grade place through a transition whose weight was set according to the number of students in the given visit range who received the grade. Using the model, it was possible to simulate the prediction of student grades based on their access to the lecture material [34].



The probability of selecting a category and consequently the probability of selecting a grade for that category was calculated using Formula (8).


  p =    w a      ∑   i = 0  n   w i     



(8)




wa was the weight of the fired transition, wi was the weight of the i-th transition, n was the number of active transitions, and p was the final probability.





5. Conclusions


The aim of the paper was to propose a way of predicting student success based on his behavior in Moodle. The method of predicting the student’s grade could also be used to modify the course or the method of grading students based on the correlation between the attendance of study materials and the grade. If there was a significant impact of one type of study material on the final grade, it could be assumed that it was these study materials that helped the students to master the curriculum the most. If an activity did not have a significant impact on the student’s grade, it might be removed or there would be an option to explore why the activity did not affect the student’s grade.



The method of predicting the grade from the paper could be used for any type of material in the LMS with any correlation between the use of the material and the final grade. However, for lower correlations, it would not be possible to predict the grade with sufficient accuracy, so it was recommended to use the method for materials for which the correlation was the highest. This article gave a suggestion of a way of predicting student success based on this behavior in Moodle. Together with the method of grading students based on the correlation between the attendance of study materials and the grade, it could also be used to modify the course.
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Figure 1. Example of Petri Nets: (a) Before firing tokens, (b) After firing tokens [16]. 
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Figure 2. Conceptual model. 
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Figure 3. Example of a Petri Net model with random selection. 
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Figure 4. Petri Net model with weighted transitions. 
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Figure 5. Petri Net model with concurrent parts. 
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Figure 6. Petri Net model with concurrent parts. 
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Figure 7. Grades based on visits in “Lecture” materials. 
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Figure 8. Grades based on visits in “Book” material. 
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Figure 9. Grades based on visits in “Assignment” material. 
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Figure 10. Grades based on attendance. 






Figure 10. Grades based on attendance.



[image: Applsci 09 04211 g010]







[image: Applsci 09 04211 g011 550] 





Figure 11. Model of the final exam in Petri Nets. 
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Figure 12. Model of the final exam with the observation of the study. 
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Figure 13. Grades based on visits in “Book”material, at the first attempt. 
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Figure 14. Grades based on visits in “Lecture”material on the first attempt. 
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Figure 15. Model of grade probability for a single student. 
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Table 1. The number of students based on lecture visits and final grade.
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	Visits
	0..4
	5..12
	13
	14..17
	18..29
	30..56



	Students
	22
	18
	6
	2
	6
	4



	A
	0
	5
	2
	0
	2
	4



	B
	2
	1
	2
	0
	4
	0



	C
	6
	4
	1
	2
	0
	0



	D
	4
	1
	1
	0
	0
	0



	E
	6
	1
	0
	0
	0
	0



	FX
	4
	0
	0
	0
	0
	0
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