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Transforming Engineering Education: Project-Based Learning and
Technology Integration in a Senior-Level Mechanisms Course

Abstract. Engineering education faces the challenge of preparing students for a rapidly evolving,
interdisciplinary field that demands a strong foundation in theoretical principles, practical skills,
and the ability to solve real-world problems. This study describes a project-based learning (PBL)
intervention implemented in a senior-level mechanical engineering course focused on
mechanisms analysis and design. The intervention combined foundational coursework with bio-
inspired design projects, where students developed walking end-effector robotic mechanisms for
medical applications. Students utilized tools such as MotionGen software and SnappyXO Kits to
synthesize, simulate, prototype, and test their designs. Qualitative analysis of student evaluations
and project reports revealed that the approach effectively reinforced theoretical concepts,
fostered critical thinking, and promoted self-directed learning. Challenges identified included
time management and balancing project demands with new material. Recommendations for
improvement include earlier project introduction and structured lab-based assignments. The
findings highlight the potential of project-based learning and technology integration to enhance
interdisciplinary learning and prepare engineering students to address complex societal
challenges.

Introduction

Engineering is becoming increasingly interdisciplinary, requiring engineers to demonstrate
knowledge and experience in multiple disciplines (e.g., mechanical engineers working on a
biomedical engineering project may have to understand the underlying biomechanics and acquire
skills to work with electronics/computing hardware and coding related to the project). Further,
engineers need to familiarize themselves with high-end modeling and simulation tools that
support the engineering design process (e.g., brainstorming/conceptualization, synthesis, design,
prototyping, analysis, redesign, etc.) of solving modern societal problems. Therefore, current
engineering education faces the challenge of responding to a rapidly changing landscape of
engineering by making advances that adequately prepare students with the skills and academic
requirements of the next generation.

This paper describes an exploratory intervention set out to address the aforementioned challenge
through course curriculum changes and integration of new technologies in a mechanical
engineering undergraduate class taught at a Mid-Atlantic university. In particular, a mechanical
engineering faculty collaborated with a faculty (an international expert in the field of
mechanisms) in the department of mechanical engineering at another Mid-Atlantic university to
implement the intervention in a senior-level Mechanisms—Analysis & Design course taught at the
university in Spring 2023 and Spring 2024. A project-based learning approach was adopted by
engaging students in collaborative classroom projects to nurture their acquisition of deeper
content knowledge through active exploration of real-world problems. Subsequently, the course



project involved design of medical devices to promote ambulation by providing students with
exposure to design and development of walking end-effector based robots as artifacts. The paper
presents the details of the course curriculum design, technology integration/usage in the
classroom, and the novel content/teaching tools implemented as a part of the intervention.
Qualitative analysis of student course evaluations and instructors’ assessment of the project
materials was used to identify the benefits and challenges of participating in the project and
evaluate the overall effectiveness of the intervention.

Extensive studies have shown benefits of project-based learning (PBL) as a method for
enhancing student engagement and learning outcomes in engineering education, emphasizing its
effectiveness in fostering deeper understanding, critical thinking, and problem-solving skills [1-
3]. Through hands-on, real-world projects, students not only gain technical knowledge but also
develop interdisciplinary collaboration and communication skills [4], which are essential for
modern engineering challenges. Despite its benefits, PBL poses challenges, including time
management, resource constraints, and the need for structured guidance [5, 6]. Hmelo-Silver [7]
highlighted that without proper scaffolding, students may struggle to balance open-ended
exploration with mastering core concepts. Furthermore, student feedback in PBL courses often
emphasizes the need for clear project guidelines, rubrics, and early introduction of projects, as
seen in studies by Dochy et al. [8]. The design of medical devices as a context for engineering
projects has gained traction as an interdisciplinary approach to teaching, integrating concepts
from mechanical engineering, electronics, and biomedical sciences, providing students with
exposure to real-world healthcare applications [9]. This approach aligns with broader trends in
engineering education to prepare students for interdisciplinary and socially impactful careers. In
this work, student team projects involving design and development of walking end-effector
based robots as artifacts were chosen as means to study design principles of medical devices. A
related field is bio-inspired design, encouraging students to draw inspiration from natural
systems to solve complex design problems [10-13]. The integration of bio-inspired themes in
undergraduate projects has been shown to improve student motivation and provide practical
experience in translating biological principles into engineering systems. Finally, the use of
computational tools for modeling and simulation has been shown to significantly enhance
students’ understanding of engineering concepts [14]. More recently, domain-specific tools like
MotionGen, used in this study, have gained attention for their ability to teach complex kinematic
analysis through interactive simulations. Prior work has demonstrated the effectiveness of
integrating such tools in project-based courses to reinforce theoretical knowledge and facilitate
practical applications [15].



Methods
Participants and Context

The participants consisted of undergraduate engineering students enrolled in a 400-level senior
elective course on Mechanisms—Analysis & Design taught at the university in Spring 2023 (29)
and Spring 2024 (28). The course introduced students to the fundamental principles and
applications of four-bar mechanisms, a fundamental topic in kinematics and mechanical system
design. Students learned to analyze the motion of these mechanisms, classify their types using
Grashof’s criteria, and design systems to meet specific functional requirements through synthesis
techniques. The curriculum integrated theoretical concepts with practical skills, including the use
of modern CAD tools for modeling and simulation. By exploring real-world applications in
robotics, automotive systems, and manufacturing, students gained the knowledge and skills to
design efficient mechanical systems, preparing them for advanced studies or careers in
mechanical engineering and automation.

To leverage the benefits of project-based learning (e.g., enhanced engagement, development of
critical skills, deeper understanding of content, etc.), students were engaged in collaborative
classroom projects involving design and development of walking end-effector based robotic
artifacts. The overarching theme centered on creating medical devices to promote ambulation,
combining engineering design principles with real-world healthcare applications. Students were
provided with the following resources to support their project needs: 1) MotionGen (a web-based
software application for synthesizing and simulating planar linkage mechanisms), 2) SnappyXO
(an open-architecture robotics kit with linkage parts, sensors, actuators, and Arduino hardware),
and 3) prototyping support from the university's maker space facility. These resources allowed a
tight integration between simulations-based synthesis and physical implementations of the leg
mechanisms designed by the students in their projects. The MotionGen software and the
SnappyXO resources were developed with grant support from the National Science Foundation.
The students were also provided with an opportunity to interact with the faculty expert over
Zoom to clarify their questions on how to go about solving problems related to synthesis,
modeling, and simulation of the leg mechanisms in the MotionGen software.
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Figure 1. Sample projects ranging from dog-inspired to crab-inspired and elephant-inspired leg
mechanisms, showing the MotionGen simulation snapshots, CAD models, and physical
prototypes in each project.



Measures

A total of 57 engineering students (29 from Spring 2023 and 28 from Spring 2024) enrolled in
the course participated in this intervention. Data consisting of student course evaluations,
mechanism simulations, physical prototype demonstrations, and project reports collected at the
conclusion of the semester were analyzed for this study. Open-ended prompts directed students
to describe the factors that contributed the most to their learning, the factors that helped them to
learn to think critically, and the changes to the class that would have helped them learn more.
Students submitted videos of mechanism simulations and demonstrations of their physical
prototypes. A project report template was provided to the students that served as a guideline to to
help students write different sections of the report, while emphasizing important aspects like
animal inspiration used for their project, leg motion specifications, linkage mechanism synthesis,
MotionGen simulation, description of the physical prototype construction (use of Snappy kit or
3D-printing, etc), and presentation of the testing results.

Results

Teams developed diverse robot designs ranging from dog-inspired leg mechanisms designed for
stability and gait replication to crab-inspired claw mechanisms emphasizing lateral mobility.
Additionally, some teams developed elephant-inspired mechanisms, focusing on load-bearing
and adaptability to various terrains. Examples of such projects showing the MotionGen
simulation snapshots, CAD models, and physical prototypes of each design are shown in Figure
1. By drawing inspiration from nature, these projects not only advanced the students'
understanding of bio-inspired design but also provided valuable insights into developing next-
generation robotic systems for healthcare applications.

Findings from a qualitative analysis of the student course evaluations and instructors’ assessment
of the project materials revealed benefits such as students’ perceived reinforcement of
engineering concepts learned in the class and helped evaluate the overall effectiveness of the
intervention. The project reports revealed that students were able to effectively apply theoretical
principles and simulation tools for the synthesis, analysis, construction, and testing of their
designs. Challenges such as time management and resource limitations were frequently cited by
the student teams in the discussion section of their project reports.

Sample quotes of students in response to the course evaluation survey that were primarily related
to their team projects and the resources provided to them can be classified into three categories:

1. Factors contributing to students’ learning and critical thinking. Students highlighted
several factors that contributed to their learning and development of critical thinking
skills. The initial focus on foundational topics, such as graphing and sketching four-bar
linkages, provided an accessible starting point, fostering a strong conceptual
understanding. Tools like MotionGen software played a crucial role in bridging theory



and practice, enabling students to visualize mechanisms and apply concepts to real-world
projects. The hands-on approach, including in-class activities and the instructor’s project
assignment and physical demonstrations, reinforced the material effectively. The
culminating project was particularly impactful, allowing students to explore complex
mechanisms in depth and apply their knowledge creatively. However, some noted
challenges in balancing project demands with understanding new concepts introduced
later in the semester.

Self-directed learning. Students identified several self-directed efforts that contributed
to their learning. Engaging with resources provided by the professor, such as homework
problems, class materials, and MotionGen software, was a key factor in reinforcing their
understanding. Many emphasized the value of dedicating significant time outside class to
studying, practicing examples, and working on the final project. The hands-on use of
software and Kits helped students visualize mechanisms and connect theoretical concepts
to practical applications. Collectively, these efforts enabled a deeper comprehension of
the course material and strengthened their grasp of key topics.

Feedback for improvement. Students suggested incorporating lab-based assignments
utilizing MotionGen earlier in the semester to better prepare for the project and aid in
visualizing mechanisms. Additionally, they recommended assigning the project during
the initial weeks of the class and providing the rubric upfront. These changes would
allow for more time to plan and complete the project, accommodating the demands of
other classes and commitments while enhancing their overall learning experience.



Table 1. Sample quotes from participating students in response to questions from the
course evaluation survey results

What factors about this class contributed the most to your learning? What aspects of this class

helped you to learn to think critically?

The initial topics of graphing and sketching four-bar linkages were insightful and fairly simple concepts to grasp.
Later in the semester, as more concentration and emphasis were put into the project it became more difficult to
allocate time to understand the concepts being presented. MotionGen software was very helpful in developing
more of an understanding of mechanisms and the practical applications through our projects.

Professor Z's project assignment and physical demonstrations reinforce the material the most.

The project helped reinforce and explore more complex mechanisms

The project at the end of the class.

Hands on work during class

What factors about your own performance helped you learn the most? What did you do to

facilitate your learning?

Simply utilizing the resources given by the professor and doing homework problems as well as working on the
project allowed for better learning of the course topics

Studying and working on the project outside of class.
the software and the kits use to know more about this subject
Practicing examples/fhomeworks and visualizing mechanisms through MotionGen.

| spent significant time working on homework, studying for exams, and creating the end-of-the-year project. This
allowed me to better understand the content discussed during class time.

What changes, if any, could be made to the class that would have helped you to learn more?

Lab-based assignments utilizing MotionGen would be great for preparing for the project and visualizing
mechanisms.

I think the project should be assigned the very first weeks of class and the rubric should be uploaded from the
very beginning so as to give people more time to work on the project. Because of other classes and work, there is
just not enough time for most people to work on it even if they use up most of their free time.




Discussion and Conclusions

This study explored the implementation of a project-based learning (PBL) intervention in a
senior-level mechanical engineering course focused on mechanisms analysis and design. The
intervention aimed to address the growing interdisciplinary demands of engineering education by
integrating bio-inspired design projects, advanced simulation tools, and hands-on prototyping.
Through collaborative projects, students were challenged to design and develop walking end-
effector robotic mechanisms inspired by animal biomechanics, with applications in medical
devices promoting ambulation. Findings from qualitative analysis of student evaluations, project
reports, and instructor assessments demonstrate the effectiveness of the intervention in
reinforcing theoretical concepts, fostering critical thinking, and promoting interdisciplinary
learning. Students reported that foundational topics like graphing and sketching four-bar linkages
provided an accessible entry point into the subject matter, while tools like MotionGen enabled
them to bridge theory and practice effectively. The hands-on use of MotionGen and SnappyXO
kits was particularly impactful in helping students visualize mechanisms and connect abstract
principles to tangible outcomes. The culminating project, focused on the design and prototyping
of bio-inspired mechanisms, emerged as a key element of the course, allowing students to
creatively apply their knowledge to real-world challenges. Students' self-directed learning
efforts, including extensive engagement with provided resources and consistent project work,
played a significant role in their success. However, challenges such as time management and
balancing the project with other coursework were frequently noted. Suggestions for improvement
included incorporating lab-based assignments earlier in the semester to provide more structured
preparation and assigning the project during the first weeks of class with an upfront rubric to
allow sufficient planning and execution time. Overall, the study underscores the potential of
project based learning and technology integration to foster creativity, innovation, and practical
problem-solving skills in engineering education, aligning with the evolving demands of the field.
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