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Abstract
The objectives, structure, contents, and evaluation of a massive open online course
(MOOC) entitled “Computer-Aided Modeling and Simulation of Event-Continuous
Systems” are described. The course was developed by a group of authors from
Universidad Nacional de Educación a Distancia (UNED), the University of Ljubljana
(UL), Novosibirsk State Technical University (NSTU), namely Maja Atanasijević-Kunc
(UL), Dmitry Dostovalov (NSTU), Carla Martín-Villalba (UNED), Evgeny Popov
(NSTU), Miguel Ángel Rubio (UNED), Victorino Sanz (UNED), Yury Shornikov
(NSTU), Alfonso Urquía (UNED), Borut Zupančič (UL), within the framework of the
InMotion project. The MOOC was offered by NSTU from May 13th to September 15th,
2019, via the open modeling and simulation environment employed by the project
consortium.

MOOC Objectives
This MOOC is intended to give an introduction to modeling and simulation of
complex dynamic systems exhibiting both continuous and discrete behavior, which are
called hybrid dynamical or event-continuous systems, through a series of readings and
videos on three different modeling and simulation environments employing three
different modeling approaches and through virtual laboratory benches allowing to model,
simulate, and analyze a particular system in the browser.
The target audience of the MOOC is students and engineers, who are interested in
modeling and simulation of complex dynamic systems. A background in physics and
numerical methods is highly recommended. The course should take about 50 hours.
The following learning outcomes have been specified for the MOOC:
- design model libraries applying the object-oriented modeling methodology;
- develop and use model libraries in Modelica;
- use Modelica modeling environments for editing, debugging and translating Modelica
models, experimenting with the models and analyzing the simulation results;
- model and simulate control systems in Simulink;
- design control systems employing different types of control;
- model hybrid systems in LISMA;
- simulate hybrid systems in ISMA using original numerical methods and event
detection algorithms.

MOOC Structure and Contents
The main page of the MOOC is shown in Fig. 1.
The syllabus offered to the students can be accessed under the identically named
menu item on the left. The MOOC has the following structure:
1. Modeling and Simulation with Modelica
a. Introduction to the Modelica Language
i. Why Modelica? (Video)
ii. Modeling Methodology and Tools
iii. Continuous-Time Atomic Models
iv. Model Libraries
v. Hybrid modeling
b. Project PEM Fuel Cell
i. PEM Fuel Cell Description
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Fig. 1. Main page of the MOOC
ii. Diffusion of a Gas in a Porous Media
iii. Diffusion of a Binary Mixture of Gases, and Liquid in a Porous
Media
iv. Electric Conduction and Electrochemical Reaction. Complete System
Model
2. Modelling and Simulation with Matlab-Simulink
a. Introduction to Simulink
i. Description
ii. Tasks
iii. Solutions
b. Time-Domain System Analysis
i. Description
ii. Tasks
iii. Solutions
c. Linear and Nonlinear Models Usage
i. Description
ii. Tasks
iii. Solutions
d. Example: Single Loop and Multi Loop PID Control of a Three Tank System
i. Description
ii. Tasks
iii. Solutions
3. Modeling and Simulation with ISMA
a. Hybrid Systems
i. Discrete-Continuous Models
ii. Continuous models
iii. Discrete Models and Zeno Behavior
iv. Modes and Events
v. Local and Global Behavior
vi. Discontinuity Classification
b. ISMA Modeling and Simulation Environment
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c.

i. Architecture of the Modeling and Simulation Environment
ii. Visual Computer Models
iii. Textual Models
iv. Block-Textual Models
v. Analysis of Computer Models
vi. Graphical Interpretation of Simulation Results
Simulation of Hybrid Systems
i. Continuous Simulation
ii. Hybrid Simulation

As it can be seen, the MOOC is divided into three parts.
The first part of the course is dedicated to M&S with Modelica. It is structured
into two parts: an introduction to the Modelica language and a project. The M&S
environments used during this part of the course are DYMOLA and OpenModelica.
The second part of the course introduces control-oriented M&S with
Matlab/Simulink. Apart from the basic M&S in the Simulink environment, students learn
how to perform parametrization, optimization, and linearization. Different types of
control are illustrated by a three tank system.
The third part is devoted to a M&S environment called ISMA. This software tool
supports a general-purpose modeling language named LISMA, which allows describing
hybrid or event-continuous systems exhibiting both continuous and discrete behaviors.
The MOOC materials are represented in three different forms.
The first form is traditional readings composed of text materials and images. One
can be seen in Fig. 2.

Fig. 2. Example of the readings
Another type of content is prerecorded video lessons, for instance a slide show
with instructor comments. An example of content of this kind is given in Fig. 3.
Novel in this MOOC is the use of virtual laboratory benches allowing to model,
simulate, analyze a particular system, or all the mentioned activities together, in a window
of the browser via which the MOOC is accessed. The only requirement is the support of
Java Script. One of the virtual laboratory benches employed by the MOOC is shown in
Fig. 4. The student can adjust the model parameters, model structure, visually assess
important characteristics of the simulated system. Moreover, visualization and animation
makes learning more interesting compared to reading a static text or watching a video,
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since the student can control what is happening and immediately see the results of his or
her actions.

Fig. 3. Example of a video lesson

Fig. 4. “Tanks” virtual laboratory bench
For student communication, a forum and a chat were added to the MOOC site.

MOOC Evaluation
The quality of the MOOC has been evaluated by surveying the students using a
questionnaire (Fig. 5) similar to the one employed by Universidad Nacional de Educación
a Distancia in its Modeling and Simulation in Engineering Using Modelica MOOC. The
original questionnaire was developed based on the Student Evaluation of Educational
Quality.
The questionnaire consists of 12 questions divided into five sections: learning,
organization, assignments, overall evaluations, and comments/feedback. The difference
from the original questionnaire is Question 5 suggesting to evaluate learning through
virtual laboratory benches, the distinctive feature of this MOOC.
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Fig. 5. Evaluation questionnaire

Results and Discussion

Number of Students

The MOOC was offered by NSTU via the open modeling and simulation
environment (OMSE) from May 13th to September 15th, 2019. In order to enroll in the
course, the students completed a Google form composed of four mandatory questions,
namely e-mail, name, sex, country, and three questions, which could be left unanswered,
age, present employer (school name), position. At the beginning of the MOOC or after
the registration in the case of latecomers, a welcoming letter containing instructions on
accessing the MOOC and the credentials was sent to every student. In the OMSE, the
students chose the MOOC site from the list of sites available for them, which took them
to the MOOC main page (Fig. 1).
The final number of enrolled students was 83.
The frequency histogram of the students’ age (self-reported) is shown in Fig. 6.
Four students have not reported their age. The biggest cluster around age 22 is clearly
observable. The mean age was 24.37, whereas the median was 22 years. The minimum
and maximum ages were 20 and 62 respectively.

Age
Fig. 6. Students’ age
The pie diagram of the students’ gender (self-reported) is given in Fig. 7. Every
enrolled student has reported his or her gender. The ratio female/male was about 1/3.
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Fig. 7. Students’ gender
The MOOC grew interest of people of four nationalities (self-reported): Russians,
Spaniards, Malaysians, and Germans. The majority, 67 students (over 80 percent), were
from Russia followed by Malaysia and Spain with eight (~10%) and seven (~8%) students
respectively. There was only one (~1%) student from Germany. This distribution is
depicted in Fig. 8.

Fig. 8. Students’ nationalities

Number of Students

The MOOC included nine evaluation tests. In order to pass one, a student had to
get at least 60%. Fig. 9 shows the frequency histogram of the number of students
successfully completed MOOC tests. 16 (~19%) students have successfully completed
the MOOC, that is passed all nine evaluation tests. 20 (~24%) students have passed at
least one test. 22 (~27%) students have tried to pass at least one test.

Test
Fig. 9. Number of students successfully completed MOOC tests
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Average Number

Fig. 10 depicts the frequency histogram of the average number of tries taken to
pass MOOC tests. It turned out that the three most demanding tests were number nine,
four, and eight.

Test
Fig. 10. Average number of tries taken to pass MOOC tests

Frequency

Not a single student used the discussion forums and chat. Instruction on the use of
the forum and chat were sent to the students in the welcoming letter.
Only 11 replies to the evaluation questionnaire have been received (~13% of the
enrolled students, 50% of those who tried to pass at least one test).
The only two comments (Question 12) left by the students were:
- “russian subtitles”;
- “Thank you!”.
Fig. 11 – 21 show the student replies to Questions 1-11 respectively.

Answer
Fig. 11. Question “I have found the course intellectually challenging and stimulating”
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Frequency

Answer

Frequency

Fig. 12. Question “I have learned something which I consider valuable”

Answer

Frequency

Fig. 13. Question “My interest in the subject has increased as a consequence of this
course”

Answer
Fig. 14. Question “I have learned and understood the subject materials of this course”
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Frequency
Frequency

Answer
Fig. 15. Question “The virtual laboratory benches enhanced my understanding of the
course materials”

Frequency

Answer
Fig. 16. Question “Instructor's explanations were clear”

Answer
Fig. 17. Question “Course materials were well prepared and carefully explained”
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Frequency
Frequency

Answer
Fig. 18. Question “Proposed objectives agreed with those actually taught so I knew
where the course was going.”

Answer

Frequency

Fig. 19. Question “Required readings/texts were valuable”

Answer
Fig. 20. Question “Further readings, tasks and auto-evaluation formularies contributed
to appreciation and understanding of subject”
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Frequency
Answer
Fig. 21. Question “As overall rating, I would say the course is:”

Conclusions and future work
The MOOC can be definitely improved by adding subtitles in English, Russian,
and Spanish, since these languages were the most spoken by the students of the pilot
edition of the MOOC.
As virtual laboratory benches have proved to be a convenient and useful learning
tool, more should be added to the next edition of the MOOC.
Given the student responses, the explanation of the materials was not always clear,
so the authors should work on this issue as well.
The results of the pilot testing can be considered to be a good start.
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