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Introduction

In a world that is becoming increasingly interconnected and dynamic, the Critical Systems
Thinking (CST) course is designed to provide graduate students with tools to understand
complex systems and develop solutions for real-life problems. The graduate course attracts
students from aviation, technology, and engineering undergraduate programs. The CST focuses
on enhancing graduate-level students' cognitive ability to solve complex problems by exposing
the students to a comprehensive understanding of systems thinking through theoretical and
practical knowledge, and equipping students with the necessary skills to assess and analyze
complex systems using systems thinking theory. The students in this course possess a diverse
range of experiences, most of which are academic rather than professional.

In a previous version of the CST course in this program, students read textbooks and cases that
led to discussions of the systems and archetypes. In 2017, the CST course adopted hands-on
discovery activities (HODASs) to increase student engagement by providing different learning
experiences. In 2020, due to the COVID-19 pandemic restrictions, the instructor changed the
curriculum by reducing the number of HODAs and including a semester-long project where
students proposed solutions to complex problems in aviation using CST skills. In 2022, CST
students used systems thinking techniques on a semester-long project to analyze the shortage of
aviation mechanics in the U.S. The students worked in small teams that proposed solutions from
a variety of perspectives.

This paper analyzes the goals, preparation, and execution of semester-long real-life aviation
problems in a CST course. The analysis of the in-class activities includes understanding the
students’ and instructors’ perspectives regarding the advantages and disadvantages of combining
Problem-Based Learning (PBL) and CST methodologies in higher education. This paper aims to
shed light on the effectiveness of PBL as a teaching methodology and its potential for improving
student learning outcomes during a CST course.

Literature review

Aviation systems are complex systems. Systems thinking theories, tools, and techniques may be
used to identify stakeholders' relationships, internal dynamics, and processes. The Critical
System Thinking (CST) approach clarifies the relationship of interdependence between the
components of a system and emphasizes that a system is greater than the sum of its parts!. CST
was introduced during the 1980s as an alternative to the traditional iard systems thinking
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approach®. This soft approach provides a tool for intervening and solving complex societal
problems, bridging the gap between social theory and practice”.

As a methodological tool, CST helps to incorporate different perspectives and analyze a problem
while identifying the relationships and dependencies among the stakeholders in the system?.
After its introduction in operational research, the CST has been used in various fields, such as
healthcare’, management®, engineering’, and education®. Within the CST framework, the systems
archetypes represent models or patterns that help to explain complex systems, providing a visual
representation of the dynamics within the system’.

The students used the systems thinking approach during the CST course to analyze the aviation
mechanics shortage from different perspectives. In higher education, Problem-Based Learning
(PBL) emphasizes using real-life problems to create learning experiences'’. With PBL, students
perform tasks similar to the ones they may encounter while working in the industry and develop
leadership, communication, and problem-solving skills'!. Unlike traditional teaching methods,
PBL fosters higher-order analytical skills, and teachers and students are responsible for the
learning process'?. Several studies have explored the benefits of using PBL and CST in the
context of higher education. PBL and CST in a graduate-level veterinary course was used to
develop systems thinking skills and foster student collaboration and teamwork'>. In STEM
higher education, a study'* describes one of the benefits of using PBL as one tool to develop
students' problem-solving skills and higher-order cognitive skills. In the book Reshaping
Engineering Education," the authors use PBL to address real-world problems and social needs
as the foundation for the learning process.

Critical Systems Thinking (CST) Course

The Critical Systems Thinking (CST) course is an elective in a graduate-level aviation and
aerospace management program at Purdue University. The CST course introduces the students to
the systems thinking approach to solving problems. During the CST course, the instructor uses
case studies, directed readings, and systems theory to improve students' critical thinking skills.
The CST course encourages students to use an interdisciplinary approach to solving
technological and social problems by fostering teamwork and proposing innovative and
sustainable solutions. The CST course objectives encompass using the systems thinking
methodology to frame complex issues in the aviation industry. Weekly readings from The Fifth
Discipline Fieldbook'® prepared the students to understand the concepts related to systems theory
and mental models.

The CST course was modified in 2017 to introduce hands-on discovery activities (HODAsS).
Students used HODAs to experience, explore, and analyze systems in a friendly, game-oriented
classroom environment!”. In 2020, the use of HODAs was limited due to pandemic restrictions
on interactions in the classroom. Therefore, a real-life, open-ended, semester-long, complex
problem group project was added to explore the use of system archetypes and models. The
instructor selected team members from different programs and cultural backgrounds to simulate
a realistic working environment'®. In 2022, the semester-long project teams developed models
for understanding an aviation problem from differing perspectives. The semester-long projects
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addressed the U.S.'s projected aviation maintenance worker shortage of 800,000 people over the
next two decades from different perspectives.

Course Organization

The CST course is designed for 16 weeks of classes to cover the materials established on the
syllabus. The CST course had five components 1. Lectures, 2. HODAs, 3. Writing assignments,
4. Exams, and 5. Semester-long project. During the first part of the course, the students were
introduced to concepts such as critical thinking, systems archetypes thinking, and mental models
in the lectures. At the beginning of the semester, the students were introduced to the final project
requirements, and teams were established with students from diverse cultural and educational
backgrounds. During the first eight weeks, in-lecture HODAs were used to model systems
archetypes; short essays and system models were required elements of the writing assignments to
apply the archetypes to aviation or aerospace.

Case studies and HODAss in class were developed during two weeks of the CST course to
improve leadership, teamwork, and communication skills. A midterm examination covered the
concepts related to systems archetypes and mental models described in the textbook used in this
course. The midterm examination allowed the instructor to evaluate the students’ comprehension
of the concepts covered during the CST course. At the end of the course, the students presented
their system archetypes to the class and proposed solutions to the aviation mechanics shortage
using a written report and presentation in class. Table 1 summarizes the weekly plan used during
the CST course.

Table 1. CST Course - Weekly Timeline.

Week Lecture Topics In Class Activities
1 to8 Introduction to CST and Hands-on activities and written
Systems Archetypes assignments; Start the project
91012 Mental Models Directed rea@ngs and discussions;
Project updates
13 to 14 Case Studies and Personal Communication skills, teamwork,
Mastery and leadership; Project updates
15-16 Final Project Presentations, feedback form, and

written report

Final Project Description

Due to the Covid-19 pandemic restrictions, the instructor modified the curriculum in 2020,
including a written final report and presentation about a semester-long project on a current
aviation issue'’. Since that time, the students now work in small teams to apply systems theory
during their process to propose solutions to complex problems in aviation. During the CST
course, teams present their intermediate results to receive feedback from the instructor and their
peers. The final report starts with an executive summary and an introduction to the topic from the
3
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team’s perspective. After the literature review section, the paper presents discussions of systems
thinking in educational contexts and the current problem — the shortage of aviation mechanics in
the U.S. The final report presents the team’s findings from previous researchers on the shortage
of aviation mechanics and identifies the regulations, stakeholders, and key variables to explain
the system's behavior. The instructor provides the students with a template that includes a
detailed description of the deliverables and the timeline for submissions during the semester. The
final report template includes this table of contents:

1. Executive Summary 5. The Key Variables in the Story
2. Introduction 6. System Archetypes
3. Summary of Literature Review on 7. Breakthroughs for this Model
Systems Thinking 8. Team Discussion
4. Background on the FAA Certificated 9. Conclusion
Mechanic Shortage 10. References

During the CST course, the students explored how different elements within a system influence
each other, leading to a holistic understanding of the aviation mechanics shortage. Each team
took a different perspective from the other teams: 1) Mechanics, 2) Airlines, 3) Aircraft
manufacturers, 4) Federal Aviation Administration (FAA), 5) Part 147 schools, and 6)
Maintenance Repairing and Overhaul (MRO) companies. The team used modeling and
archetypes to visualize the dynamics within the aviation mechanic shortage from their
perspective. The students examined how educational policies, technological advancements,
economic factors, and labor market trends collectively impacted the availability of training and
retaining aviation mechanics. Figure 1 presents one visualization of the shortage of aviation
mechanics from the mechanics perspective. During the project update sessions, each team
presented their preliminary findings and received feedback in class. The course culminated with
a final presentation where each team presented their findings and submitted a written report. In
this process, each team demonstrated their understanding of systems thinking and their ability to
apply CST concepts to real-life challenges in aviation.

Figure 1. Student’s Aviation Mechanics Shortage — System Archetype Diagram.
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Student Perspective

This section provides perspectives of one graduate student in terms of working in a diverse team,
topics covered during the course, and using semester-long projects during the CST course.
Integrating diverse viewpoints and skill sets enhances collective intelligence for the graduate
student, enabling the teams to better understand complex problems. In the aviation industry,
working on projects with people from different countries is an expected situation. The CST
course gives the students an opportunity to improve their communication and leadership skills in
a controlled class environment while proposing solutions to a real-life project. The language
barriers represent an additional challenge the students overcome by applying mental models such
as the “Ladder of Inference”'®. Exploring the same problem from different perspectives provides
opportunities to understand the usefulness of the systems archetypes by experiencing the benefits
of using multidisciplinary approaches for problem-solving purposes.

Using PBL, combined with the CST course, proved to be a beneficial learning approach.

Systems theory concepts applied to PBL experiences foster a shared responsibility for knowledge
acquisition and application, which deepens their engagement and solidifies their learning
experience. Developing critical system thinking skills in a graduate-level course is a challenging
endeavor. The HODAs were fundamental in achieving the CST course goals and developing
systems thinking skills. The project updates represented one of the most valuable experiences in
this course. Providing and receiving feedback from other students increases student engagement
during the CST course and reinforces the aviation industry's collaborative spirit. In addition to
questions after each presentation, the feedback form in Figure 2 was used by the team members
to provide and receive feedback after presenting project updates.

Figure 2. Feedback Form — Project Update.

CRITICAL SYSTEMS THINKING COURSE / CST-640
Feedback Form - 2022 Project Update Presentation

Presenters’ Names:

Reviewer’s Name:

1. What is the main idea of this project?

2. Do the identified variables make sense to you? What questions do you have?

3. What part(s) of the system archetype make sense to you? What questions do you
have?

4. List some notable metrics proposed for breakthrough for the model proposed.

5. What do you feel is the primary contribution of THIS presentation to YOUR body

of knowledge in Critical System Thinking or mechanical shortage in aviation?
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This is an example of one of the student’s responses, providing feedback to one team after a
project update presentation using the feedback form:

“FAA regulations have a significant impact on the ability of schools to train new aviation
mechanics. However, there are initiatives to solve the problem. It is necessary to continue
studying the effects of each of them from the perspective of the FAA. The analysis carried
out by the team members is very important because they allowed me to understand the
problem from the FAA perspective by applying the concepts covered in this course”.

Instructor Perspective

It is my experience in this course that while the course material is interesting on its own, the
students seem to be more engaged when the material is applied to current, pressing issues in their
discipline. There are individual and team activities. The reading materials provide the basis and
structure for learning more about application of system thinking and dynamics, and are supported
by lectures. The HODAs are selected to bring to life the system archetypes as we progress
through the materials from relatively simple archetypes toward more complex archetypes. The
HODASs may be individual activities during class, or team activities during class, depending on
the archetype. The written assignments are prepared by each of the students to discuss the
archetype, describe an example of that archetype in aviation or aerospace, and develop a diagram
that reflects the systems dynamics of that archetype. Students present their archetypes during
class for feedback and discussion of the concepts. The HODAs provide the scaffolding to
develop understanding and skills to better support a team problem-based learning experience.

While the HODAS are relatively simple in terms of diagrams, the semester long project focuses
on a larger, more complex problem that is facing the industry. The differing perspectives to
understanding and attempting to solve a complex problem with no established solution stretches
the learning experience that results in models that may not have been possible without the
reading, HODAs, and simpler models developed throughout the course. In addition, the students
gain an appreciation for identifying perspectives, understanding other views and experiences,
and developing a model of a complex problem. The presentations of the semester long projects
are interesting in terms of student development of the problem and the model, and in terms of the
transformation in the level of communication skills, questions asked by the other students, and
teamwork skills.

Conclusions

The semester-long project offered in the CST course aims to provide students with an immersive
learning experience that closely simulates real-life problem-solving scenarios and industry work
environments. The project is designed to equip students with practical skills and knowledge that
are highly relevant to the aviation industry, thereby better preparing them for their professional
careers. Using PBL during a CST course offers an alternative for improving students' leadership,
communication, and teamwork skills.

PBL fosters an innovative approach to solving problems associated with aviation in the context
of a graduate-level course where real-world experience is limited. Diverse teams are an
important component of the project. Diverse experiences and educational perspectives provide
exposure to approaches that may or may not be familiar to the team members.
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