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This article presents findings regarding a Systems Thinking graduate course that
took place in 2019, involving 11 graduate students from the University of Sao
Paulo. The course followed a combination of problem-based learning and
simulation-based learning approaches. The students were challenged to model the
dynamics portrayed in short-films, documentaries, and case studies. Comics were
used to illustrate key points. Our research goal was to analyze the educational
components of this program qualitatively. We collected qualitative data using
questionnaires and in-deep interviews and analyzed following a systemic analysis.
Our findings are: (a) Creating models of situations portraited in videos and case
studies helped the learning of qualitative modeling tools by motivating the students
and promoting knowledge sharing. b) Computer simulation improved the learning
of quantitative modeling tools, fostered critical thinking skills, and increased the
understanding of the system's structures and patterns of behavior. ¢) Comics helped
the students to comprehend complex issues.

Keywords: systems thinking, problem-based learning, simulation-based learning,
modeling, teach and learning

INTRODUCTION

The twelve weeks' Systems Thinking' course was offered during the first semester of
2019 to graduate students at the University of Sdo Paulo. The objective of the course
was to present the theory of systems thinking and to foster students' ability to model
systems and systemic problems using qualitative modeling tools (causal loop diagrams)
and quantitative modeling tools (stock and flow computer models). The course was held
in an enhanced technology environment, a smart classroom. Every student had access to
a desktop computer in which the simulation software VensimPle© had been installed.
All computers have internet access, and the professor made use of an interactive
whiteboard to present the lectures.
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2 Fostering System Thinking Learning by Combining Problem ...

The course was designed following a combination of problem-based learning and
simulation-based learning approaches. In each class the students were challenged to
solve different types of problems. First they worked individually, then in groups of three
students and then sharing their findings. They followed a three-phased problem-based
learning approach (Fregni & Gimenez, 2020) that combined simulation-based learning
activities (Table 1).

Table 1
The three-phase problem-based learning approach (based on Fregni & Gimenez, 2020)
Phase 1- Phase 2- Phase 3-
Problem Analysis Self-direct learning Reporting
Classroom  Analyze the Individual-modeling Activities Presentation of
activities problem Creation of a causal-loop diagram-CLD (or the models
presented. The  computer model) that represents the systemic created.
problem was structure of the problem presented.
presented in Understand the system’s structure and its Discussion of the
different ways  patterns of behavior (by means of analysis of insights gained
(videos or case- CLD or by running the computer model). with the problem
studies) Group-modeling activities
Do the same activities, this time in group of
three students, aggregating the models
created into a single model.

The problems varied from lecture to lecture (APPENDIX 1). During the first half of the
course, the students were challenged to create causal loop diagrams to represent the
dynamics portrayed in assigned short videos, case studies, and documentaries. In the
second half of the course, the students were asked to create and run computer models
and perform computer simulations. Students were assigned readings and documentaries
to watch. They were also asked to do an MIT Opencourseware case-study and read
comic strips (APPENDIX 2).

Theoretical Review

Researchers point out that learning is a constructive process (Glaser, 1991) of building
new knowledge upon prior knowledge (Fregni, 2019; Gijselaers, 1996; National
Research Council, 2000). In addition to that, studies (Craik, 1952; Gini-Newman &
Case, 2018) revealed that learning is a continuous process of enhancement of the
preconceived ideas and concepts that one holds about how the world works (Gijselaers,
1996; National Research Council, 2000).

However, the world works in a complex way: it has a myriad of intertwined systems
(Bossel, 2007). Therefore, understanding the world is not an easy job: people use
psychological models to create meaning from it by simplifying its complexities
(Sterman, 2010). Researchers named these models as ‘mental models’ (Cook & Wind,
2006; Senge, 2014). Scholars point out that mental models evolve during one’s lifetime
(Norman, 1983), as people interact with each other (Denzau & North, 2000) or when
they are subject to a formal educational system (Senge et al., 2012). Individuals also
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change mental models through informal and accidental learning processes (Watkins &
Marsick, 1992).

Nevertheless, mental models may fail to represent the real world (Meadows, 2008)
adequately. Individuals may try to understand the world based on limited, confusing, or
ambiguous information (Meadows et al., 1982; Sterman, 2010). To make matters worse,
individuals may also filter and distort the information they receive from the world
(Sterman & Sweeney, 2007). Mental models may also fail to explain the dynamic
complexity of systems (Sterman, 1994). Moreover, individuals may not be fully aware
of the existence of mental models. Therefore, teaching systems thinking involves
making students conscious of their own mental models and supporting them to see how
these models can and should, in some instances, change.

How to enhance mental models? Researchers have used simulation-based learning
(thereafter SBL) to make individuals understand the flaws and limitations of their mental
models (Forrester, 1997; Sterman, 1994). Simulation-based learning allows sharing
mental models through group model-building activities (Richardson & Andersen, 1995;
Vennix, 1999). Computer simulation allows us to understand complex problems and to
figure out the structures of the system that drive the patterns of behavior (Meadows,
2008; Sterman, 2006). More than that, it allows us to run simulations under different
time horizons, allowing compress time and space, therefore speeding up the learning
process (Guzdial et al., 1996; Sterman, 2010).

A problem-based learning approach can also help students grasp the complexities of the
world more quickly (Nursa’ban et al., 2019). Problem-based learning (PBL) provides
hands-on experience (Suwarno et al., 2020), promotes inquiry opportunities (Ramdiah et
al., 2018), and fosters critical thinking skills (Boleng et al., 2020; Larmer et al., 2015;
Lukitasari et al., 2019). Some scholars have used video cases as stimuli in PBL-centered
courses (Bosse et al., 2010). Others have used storytelling (Hung et al., 2012) and text-
based cases (Lestari et al., 2020; Wilson, 1996). Researchers have also used humor to
reduce stress and facilitate learning (Chauvet & Hofmeyer, 2007).

Researchers (Murphy et al., 2011) have studied the theoretical aspects of merging
problem-based learning and simulation in order to create an innovative pedagogy in
nursing courses. Other scholars (Walshe et al., 2013; Roh et al., 2014) reported the
benefits of combining both educational approaches, also in the nursing context, by using
videos and data about patients to trigger the simulations. In addition to that, researchers
(Soderberg & Price, 2003) pointed out the benefits of combining problem-based
learning and computer simulation to engage the students and to foster class discussion in
biology courses. Other scholars (Mann et al., 2011) have used problem-based learning
and web-enabled computer simulation in educational leadership programs. More than
that, scholars (Spinello & Fischbach, 2004) also have combined problem-based learning
and online simulation in public health courses.

However, it seems that there is still a gap in knowledge about combining problem-based
learning and simulation-based learning to enhance learning in Systems Thinking
courses.
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We aim to address this gap by qualitatively analyzing our program's results to discuss
the initial results and feasibility of such a program.

Research question

How to foster the learning of system thinking concepts by combining problem-based
learning and simulation-based learning approaches?

METHOD
Research design

This research followed a qualitative approach, collecting data using structured
interviews (Yin,2015). The structured interview is a valid way of collecting data in
qualitative studies, combining questionnaires and in-deep interviews (Adamson et
al.,2004; Langley,2004). The guestionnaire was sent to the participants one week before
the final class, and the individual interview was done at the final class. The interviews
helped to clarify issues that were not clear enough in the answers to the questionnaire.

Participants

The study sample was all students enrolled for the Systems Thinking course: eleven
graduate students from the departments of Electrical Engineering (1 student),
Geography (1 student), Biological Sciences (2 students), Education (3 students),
Veterinary Medicine (1 student), Psychology (1 student), and Languages (2 students)
from University of Sdo Paulo. They were aged between 32 and 52. Only one student had
previous experience in computational simulation.

Research instrument

The qualitative data were collected by means of a questionnaire sent to the students by
email and by interviews. The questionnaire had six open-ended questions (APPENDIX
3). We designed the open-ended questions to understand the students’ perspectives
about their learning based on classroom activities (individual and group modeling) they
perform. More than that, we also wanted to know about the adequacy of the problems
we delivered by different means (video and case-study based modeling activities). We
used a structured interview to clarify the issues that were not clear enough for the
students' answers to the questionnaires.

The research procedure

As we described previously, the questionnaire was delivered by email in the 11th week
of the course. The students returned us their answers one day before the final class. The
in-deep interviews were developed in the final class (12th week). We interviewed each
student for approximately 20 minutes (in order to have a better understanding of the
issues raised by their answers to the questionnaire) and took notes.

Data analysis

The data was organized into recurrent themes following a language process method
(Graham et al., 2001). First, we compiled the data from questionnaires and the notes
taken. Then we grouped similar data. After that, we made a recombination of the groups
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into wider categories, the so-called recurrent themes (Bradley et al., 2007). We
interpreted the data by means of a system dynamics’ modeling tool, a causal loop
diagram. Causal loop diagram is a system dynamics’ modelling tool that has been used
in qualitative analysis (Arantes do Amaral, 2019; Burck, 2005; Yearworth & White,
2013), since it helps to understand the course’s systemic structures (the interactions
between the positive and negative feedback loops) that were responsible for the patterns
of behavior of the students (Arantes do Amaral & Frazao, 2016). In other words, by
connecting the variables of the recurrent themes, we were able to reveal the systemic
structure that drove the course's dynamics, explaining the consequences of each
educational action taken.

Validity and reliability

The validity of qualitative studies can be understood as to how precisely the study
reveals the points of view of the subjects of the study (Creswell & Miller, 2000). Since
the data was collected from all the population's elements and analyzed considering the
recurrent themes (Yin, 2015), we may affirm that the study is valid.

The rigor's reliability was assured: we followed a well-established research approach
(Noble & Smith, 2015), with well-defined phases and procedures (Golafshani, 2003),
allowing other researchers to follow a similar approach.

FINDINGS
We analyzed the data, finding the following recurrent themes (thereafter RT):

RT1: Creating causal loop diagrams to represent real-life situations presented in short-
videos allowed the development of systems thinking skills.

One student stated:

“Watching the short-videos was excellent and useful to my learning. At the beginning of
the course, it was not easy to create the causal loop diagrams; it was a challenge. The
short-movies allowed to connect the theory with real-life problems.”

Another student observed:

"The modeling process became gradually easier for each model we developed. | think
the videos were excellent! We learn a lot about models and systems and real-life
problems as well. Learning became more significant.”

RT2: The group-modeling activities promoted knowledge sharing among the team
members.

One student made the following comment:

“I think the group-modeling experience was very positive: in many cases, classmates
had figured out causal relationships and dynamics that | had not noticed. The
exchanging of ideas was very helpful.”

Another student made the following observation:
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“Evidence-based research shows that learning is a social activity; | learned more when |
shared my knowledge with my peers. During the teamwork activities, | had to explain
my reasoning, listen to my peers, analyze different points of view. The models we
created in the group were better models than the models we created individually. Group-
modeling activities enhanced the process of creation of the models."

RT3: Creating models of dynamics described in documentaries promoted in-depth
analysis of systemic problems, giving the students a better understanding of complex
systems.

One student observed:

“The documentaries portrayed complex and intertwined problems. Therefore,
identifying the dynamics turned out to be a relevant exercise for learning the main
concepts presented in our course.”

Another student pointed out that the documentaries complemented the modeling
exercises done previously:

“It was very interesting to work with documentaries; they use an accessible language
and address many aspects of a systemic problem (the documentary Cowspiracy is an
example of that). As we have already created models of the dynamics presented in short
films, it became easier to identify the dynamics the documentaries portraited because we
were more attentive and trained for that.”

RT4: The individual assignments based on written case studies and MIT homework,
although challenging, fostered learning.

Some students reported that the MIT case-study was difficult, but they were able to do
it. One student explained:

"The MIT homework was challenging: we followed a very detailed modeling process
for the first time. This was intellectually stimulating."”

Another student pointed out the importance of the support of peers:

“Doing the MIT homework initially by myself was difficult; the support of my
colleagues helped me to have an understanding of the model | was required to create.

The learning process was very meaningful!”

One student also let us know that written assignments facilitated the process of creation
of models:

“Creating models based on texts was easier than creating models based on videos. The
text facilitated to understand the dynamics that | was asked to model. It was very
interesting!”

RT5: The use of computer models and simulation facilitated learning.

One student stressed the importance of using computer models:
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“The computer models facilitate understanding that the system's structures are
responsible for the system's behavior. The use of the software VensimPle© was very
useful to me. It allowed me to test hypotheses and run different scenarios. The graphs
generated by means simulations facilitated the learning.”

Another student commented:

“The computer models allowed us to learn more about real-life systems; we were able to
run different simulations and understand future scenarios.”

RT6: The comic strips brought humor to the classroom, facilitating learning complex
issues, and helping to fix the concepts in their minds.

The students enjoyed the use of comic strips. One student commented on the role of
humor in classroom environment:

“The use of comics makes the class enjoyable, light, and very fun.”

Another student pointed out that it helped to understand the concepts in an easy way:
"Comics facilitate the learning. In a concise way, the comics explain several concepts
that otherwise would take several minutes of reading.”

Another student pointed out that comics helped to fix concept in his mind:

“Learning by comics is very interesting. It facilitates the understanding of the concepts,
it helped me to fix concepts (as | remember the stories and examples told by the
character).”

DISCUSSION

We used short-videos with real-life problems to enhance motivation and long-
lasting learning. RT1 showed that the use of short videos allowed the students to learn
from real-life problems. The more the students watch different short videos of different
systemic problems, the more easily they develop causal loop diagrams representing the
problems (individually and in group), thus the more they develop their modeling skills
(Figure 1, feedback loop “Learning from making models based on short videos”). This
finding is aligned with other researchers' findings that have described the benefits of
using short videos to teach systems thinking concepts (Sweeney & Meadows, 2010) and
foster students' participation in classroom activities (Sexton, 2006; Courts &Tucker,
2012). In addition, real-life examples help to retrieve this information in the future
when applying this knowledge.

Collaborative learning was another important component of our program. RT2
helped to understand the importance of group-modeling activities: the more the students
work with their peers, the more they share knowledge, therefore improving their systems
thinking skills (Figure 1, feedback loop “Learning from peers”). Other researchers have
also stressed that group modeling activities promote knowledge sharing (Peck, 1998)
and critical thinking (Vennix, 1999; Hovmand, 2014). Also, collaborative learning
enhances peer support and responsibility for learning (Williamson et al., 2020)
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Documentaries were used as another learning material. RT3 facilitated to
understand that watching documentaries helped develop modeling skills and contributed
to students' comprehension of the structure of real-world problems (Figure 1, feedback
loop "Learning from analyzing complex real-world problems™). This finding is in
consonance with the discoveries of other scholars (Leet & Houser, 2003), pointing out
that documentaries can help to exemplify complex problems.

This led to a valuable insight: Creating models (first individually, then in groups of
three students) of situations portrayed in short-video and documentaries sped up the
learning of qualitative modeling tools (causal loop diagrams) to represent systems and
systemic problem. Creating models also motivated the students and promoted intense
knowledge sharing.

We requested students to be exposed to an assignment from MIT. RT4 let to figure
out that the MIT assignment was very effective. The assignments also led to individual
and group-modeling activities that helped the students to develop modeling skills.
(Figure 1, feedback loop “Learning from the assignments”). Other researchers have also
pointed the benefits of using MIT Opencourseware materials in their courses (Yue et al.,
2004; d'Oliveira et al., 2010). One potential mechanism here is to increase motivation
as students feel that they could do it similarly as an MIT student.

RT5 let to understand that the more the students developed their modeling skills, the
more they were able to learn from computer simulations (Figure 1, feedback loop
“Learning from the computer simulation™). These findings are aligned with results from
other scholars that point out that computer programs help to compress time and space
(Sterman, 2010), allowing the simulation of different scenarios (Graham & Senge,
1990), therefore enhancing the student's mental models (Senge, 2014).

This led to the second insight: Computer simulation improved the learning of
quantitative modeling tools (stock and flows computer models), fostered the
development of critical thinking and the understanding of systems’ structures and
patterns of behavior.

The final novel material in this program was the use of comics developed for this
program. RT6 helped to understand that the use of comics was a good choice: it
facilitated the comprehension of complex issues, helped to fix the contents in the
students’ minds, and improved their motivation to learn. (Figure 1, feedback loop
“Learning from comic strips”). Other researchers have already stressed the role of
comics in stimulating critical thinking (Cheesman, 2006) and motivation to learn
(Williams, 2008).

This led to our third insight: The use of comics bought enjoyment to the classroom,
helped the students comprehend complex issues, and improved the motivation to learn.
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Figure 1
The course dynamics: the six feedback loops identified.

CONCLUSIONS
What was learned from this experience?

Returning to the research question, it can be affirmed that the combination of short-
video and documentaries modeling exercises, written assignments, and computer
simulation was very effective in teaching systems thinking. It is also possible to
conclude that comics' use facilitated the learning and brought humor to the classroom.
The students learned more when they were relaxed.

The short-videos helped the students to put immediately into practice the theory
presented in class. The challenge of modeling a variety of situations portraited in videos
facilitated learning on how to develop causal loop diagrams. The students learned while
developing the model individually and learned, even more, when they improved their
models in group modeling activities. The group modeling activities promoted intense
knowledge sharing. Working in groups was not only instructional but fun.

It is also reasonable to affirm that the written modeling assignments promote a deep
understanding of the modeling process; the students had to follow a well-defined step-
by-step modeling approach. It brought discipline and confidence to the students. The
students also benefit from working initially alone in these assignments and then in
groups. Working in groups alleviates the stress that students face when doing the
exercise alone and promotes knowledge sharing.

The assignments to model the dynamics presented in the documentaries promoted a
deeper understanding of complex real-life problems. The students watched the films
more than once in their homes, stopping the videos when necessary and creating the
models gradually, at their own pace.
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10 Fostering System Thinking Learning by Combining Problem ...

The computer simulations facilitated a full understanding of the structure of systems and
their patterns of behavior. The students were able to challenge their mental models by
analyzing different scenarios.

Based on the evidences here presented, we may suggest that professors of system
thinking courses should make use of multiple resources (computer simulation, short-
videos, documentaries, comics and written assignments), different modelling activities
(group and individual modelling activities) and complementary educational approaches
(problem-based learning and simulation-based learning) to engage the students, as we
did here. By doing so, the course may become more interesting and meaningful to the
students. It is a challenge since it involves a heavy workload to the professor: however,
the educational benefits worth the effort.

We also understand the limitations of our study: the conclusions we presented here were
based on a single course delivered to eleven students. However, we may speculate that
lessons learned here can be useful to scholars that teach systems thinking in different
contexts.
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APPENDIX 1
The number of students attending Culture Courses

15

Lecture

Lecture Goal

Classroom activities

01

Present the concepts of systems thinking. Discuss the
importance of system dynamics modeling tools.

Short-video modelling. Individual and group
modelling activities. Critical reflection about the
models developed

02

Present the concepts of system components and system
structures.

Discuss the concepts of patterns of behavior and
feedback loops

Individual and group modelling activities,
creation of causal loop diagrams using the
software Vensim.

03

Review the theory and examples presented in the
textbook by referring to the comic strips.

Provide an overview of next assignment (MIT
opencourseware assignment).

Discussion of situations portraited in the comic
strips. Short-video modelling. Individual and
group modelling activities, creation of causal
loop diagrams using the software Vensim Ple©.
Critical reflection about the models developed.

04

Discuss the students’ answers to the MIT assignment.
Foster the development of students’ modeling skills,
by means of exercises based on short-videos.

Provide an overview of next assignment (model the
dynamics portraited in the documentary ‘Food Inc.”).

Discussion of the MIT assignment (individual
modeling assignment). Short-video modelling.
Individual and group modelling activities.
Critical reflection about the models developed.

05

Review the theory and examples presented in the
textbook by referring to the comic strips. Foster the
development of students’ modeling skills by means of
exercises based on short-videos.

Discussion of the models created to represent
the dynamics portraited in the documentary
‘Food Inc’. Short-video modelling. Individual
and group modelling activities. Critical
reflection about the models developed.

06

Present the concepts of systems' mental models.
Review the theory and the examples presented in the
textbook by referring to comic strips. Provide
an overview of next assignment (model the dynamics
portraited in the documentary ‘Cowspiracy’).

Short-video modelling. Individual and group
modelling activities. Critical reflection about the
models developed.

07

Review the theory and examples presented in the
textbook by referring to comic strips. Present the
concepts of positive and negative feedback loops.
Discuss the dynamics of negative feedback loops with
delays.

Discussion of the models created to represent
the dynamics portraited in the documentary
‘Cowspiracy’.

Short-video modelling. Individual and group
modelling activities. Critical reflection about the
models developed.

08

Review the theory and examples presented in the
textbook by referring to comic strips. Present the
concepts of stock and flows. Help the students become
familiar with VensimPle© simulation environment.

Short-video  modelling and  simulation.
Individual and group modelling and simulation
activities.

Critical reflection about the models developed.

09

Review the theory and examples presented in the
textbook by referring to comic strips. Teach the
students how to create and run simple stock and flow
computer models.

Short-video  modelling and  simulation.
Individual and group modelling and simulation
activities. Critical reflection about the models
developed.

10

Review the theory and examples presented in the
textbook by referring to comic strips. To help the
students become familiar with the concept of table
functions.

Short-video  modelling and  simulation.
Individual and group modelling and simulation
activities. Critical reflection about the models
developed.

11

Review the theory and examples presented in the
textbook by referring to comic strips. Present the
students several computer models that address real-life
problems. Provide an overview of final assignment, a
student's self-assessment questionnaire.

Individual and group modelling and simulation
activities. Critical reflection about the models
used in simulations.

12

Present the students’ perspectives about the course,
based on the questionnaires. Interview the students, in
order to understand what was not clear in their
answers.

Individual
learned.

interviews, reviewing the topics
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APPENDIX 2
Documentaries, short-movies and comic-book used
Learning resources

Documentaries (Movies from Netflix)
1. Food Inc
2. Cowspiracy
Short-movies (Videos from World Economic Forum)

1. How wolves change the rivers

2. What would happen if the insects disappear?

3. Systems thinking: a cautionary tale about cats in Borneo

4. This is how Iceland transformed teenagers from heavy drinkers to
model citizens

5. This is how to eat save the planet, according to scientists
6. Children need microbes not antibiotics
Comic-strips From the website: “The cartoon guide to system dynamics”
Textbook Thinking in Systems: a primer
MIT Assignment MIT Opencourseware Assignment 01

APPENDIX 3 SURVEY QUESTIONS

Question 1. Throughout the course, we watched several short films and created models
for the dynamics portrayed in each movie. Please tell me what you learned from this
experience.

Question 2: In the classroom, after asking you to create, individually, causal loop
diagrams for the dynamics portrayed in short films alone, | divided you into small
groups of students and asked you to work together in order to improve the models.
Please tell me about your experience working with your colleagues.

Question 3. You did a long assignment, a modeling exercise (MIT homework). Please
tell me about your experience (initially working alone and then with the support of the
other students) in performing this exercise.

Question 4: Please tell me what you have learned by creating computer models and
running simulations using VensimPle© software.

Question 5: Please tell me about your experience in identifying and modeling the
dynamics portrayed in long documentaries (Food Inc, Cowspiracy).

Question 6: Please tell me about your experience of learning through comics.
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