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Abstract
The Global Leadership Program (GLP) is a chance for approximately 35 Singapore

University of Technology and Design (SUTD) students to travel to the Massachusetts Institute of
Technology (MIT) and participate in a cross-university cultural and educational exchange. The
students have the opportunity to collaborate with and learn from MIT's own students and faculty
during the program. The highlight of the summer is a nine-week design-build course, referred to
as the Engineering Design Challenge, which teaches the fundamentals of engineering design and
the necessary fabrication skills to execute those designs. The challenge requires small teams to
design and build a single-person electric vehicle (EV). The first two years, the challenge was to
make go-karts; since then, the scale has been increased to electric boats.

The design challenge is presented as a real-world engineering exercise by intentionally
being open-ended and primarily student-driven. It requires the students to practice both their
technical skills as well as their interpersonal, professional, and leadership skills. This sort of all-
encompassing, immersive approach to education is based on principles found within the Project-
Based Learning (PBL) and Conceive-Design-Implement-Operate (CDIO) pedagogical
frameworks.

Though it has only been around since 2013, the program has had a lasting impact on both
the students that participated and their peers upon their return to Singapore. Elements of MIT's
own student culture were shared with the participants and successfully transplanted back to
SUTD at the program's end. This sort of cross-university educational and cultural exchange has
exciting implications for expanding the global engineering educational network as the world
becomes more and more connected.

Thesis Supervisor: John Brisson
Tile: Professor of Mechanical Engineering and Director of the MIT/SUTD Collaboration Office
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1. Global Leadership Program Overview

1.1. MIT-SUTD Collaboration's Global Leadership Program

The Global Leadership Program (GLP) is a summer exchange program that allows 27 to
35 students from the Singapore University of Technology and Design (SUTD) an opportunity to
travel to and study at the Massachusetts Institute of Technology (MIT) and participate in an
interdisciplinary set of activities alongside 3 to 10 current MIT students also participating in the
program as mentors. The highly-competitive program allows top SUTD students a chance to'
participate in challenging coursework, especially hands-on design work that they would not
otherwise have access to. The program attempts a "complete institutional transplantation"[ 1
through this unique opportunity for SUTD students to interact with and work alongside MIT
students and faculty members during the ten-week program.[2][3] Through this collaboration,
SUTD hopes to borrow from MIT's unique "institutional identity and culture" in order to
continue establishing itself as a top "engineering-oriented university that will reach the Engineer
of 2020 vision."[1]

The various activities within the program range from teambuilding and leadership
workshops to cultural and geographical immersion through both urban and wilderness
exploration. Students also have an opportunity to expand their global network during visits to
local companies at the forefront of technological innovation and design. However, the
participants spend the largest amount of their time participating in the Engineering Design
Challenge, a project-based course created to introduce the basics of engineering design through
hands-on learning.

1.2. GLP's Engineering Design Challenge

GLP has offered two different versions of the Engineering Design Challenge since it first
began four years ago. In the summers of 2013 and 2014, the students worked in teams of three
to create a single-person, electric-powered go-kart. Students responded very well to the scope of
this challenge and created some very diverse machines, especially during the second summer
when the MIT mentors had more experience and could more effectively guide the students
through the design process. For the summers of 2015 and 2016, the scope of the project grew to
teams of four to six students creating electrically-powered boats capable of carrying at least one
passenger. This change was made in order to ensure that the main component of the summer
program continued to challenge the participants appropriately and provide an experience that
they could not have back in Singapore. Increasing the project scope was not without its growing
pains; though despite the hiccups, the students still thrived and met many of the program's
learning objectives.
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Figure 1: Photograph of all of the teams with their completed go-karts on race day as well as the hands-on

instructors during the summer of 2014.

Regardless what form the final deliverable of the design challenge takes, the important

outcome is a transfer of knowledge from the teaching staff at MIT to the students participating in
GLP as well as the opportunity to develop collaborative and other professional skills within a

teamn setting. The summer's main coursework has been designed as a Project-Based Learning

(PBL) course[4] that meets many of ABET's Engineering Criteria 2000 (EC2000)[5]. These

EC2000 learning objectives were introduced with the hope of reforming engineering education

by putting an emphasis on teaching students how to be effective probl em -solvers in a

professional, multi-disciplinary team setting where they are free to work autonomously to

understand the problem, devise a solution, and understand how to execute it.[5] Furthermore, the

course also draws inspiration from another relatively new engineering educational initiative

known as Conceive-Design-Imiplem-ent-Operate (CDIO), which as the name suggests,

encourages learning through first understanding the true nature of the problemn, designing a

solution, executing that solution, and then finally evaluating its successes and failures before

iteration.[6] A list of CDIO standards is given in Appendix A. These sorts of curricular criteria

were used to design an immersive program that would leave a lasting impression on the GLP

students and, hopefully, allow themn to transplant the information they learned back to SUTD.

1.3. Establishing Metrics for Success

Within the past twenty years, there have been many new studies leading to suggestions

for the best pedagogical methods to teach engineering effectively. By understanding the mnost

effective ways in which students learn and retain knowledge, curriculumn can be developed with

very specific learning objectives in mind. GLP's Engineering Design Challenge pulls inspiration

from multiple educational frameworks in order to create a unique program that teaches students

the basics of effective design and engineering principles through a hands-on build project and

also allows for enough autonomy so that students can gain important leadership and professional

skills in a team-based setting. The hope also is that students leave the program with

comprehensive enough knowledge to be able to return to SUTD and pass on what they learned to

their peers.

One crucial framnework on which the programn is based is Proj ect/Problem- Based

Learning (PBL).[4] As the name suggests, the advantage of this method is that learned skills are

meant to be reinforced during either a large, on-going project or a series of small ones. By

physically working with the new information, perhaps using it as a design criterion in the project,
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students engage additional senses with the new material, something that helps many students
retain the skills better. Whether a student is an auditory learner, a visual learner, or a kinesthetic
learner, there is an opportunity for each of them to thoroughly engage with and use the material.
The initial projects presented to the students should be narrow in focus in order to first solidify
learning. Then, the scope should be broadened to a general problem within the field of study, so
that students must use all of the practical skills they have already acquired in combination with
theoretical knowledge in order to solve the problem. Lastly, once the student has succeeded with
the previously mentioned small- and large-scale exercises, the problems should be even further
expanded by giving them real-world context, often forcing the students to engage in cross-
disciplinary thinking in order to succeed. By slowly taking the project away from its original,
narrow focus and to a much larger, more life-like scenario, students are truly forced to interact
with, utilize, and understand all new technical concepts, thereby demonstrating whether the
desired content has been learned sufficiently or if more instruction is required. [4]

Another critical framework, which incorporates many of the same elements found within
PBL courses, is the Conceive-Design-Implement-Operate (CDIO) set of standards. [6] It calls for
a highly integrated approach to learning throughout a student's educational career. CDIO
emphasizes the importance of context when presenting examples and design requirements, since
learning about abstract principles can be challenging for some students without a concrete, real-
world example. Along with the obvious importance of teaching technical engineering
knowledge, a special emphasis is placed on developing that knowledge while acquiring
professional, personal, and interpersonal skills. The CDIO standards emphasize the importance
of a solid introduction to engineering, which is exactly the goal of the Engineering Design
Challenge. Coursework should include design-build experiences in increasing degrees of
difficulty and complexity. Even outside of these hands-on classes, learning should be active,
with the students engaging with the instructors and the material. Students should also have
access to a space where they can work effectively on their engineering projects. This framework
also calls for various types of assessment. The students should be evaluated to ensure that the
correct knowledge has been obtained, but perhaps just as important, the entire program should be
periodically evaluated, updated, and improved to better suit the evolving needs of today's
engineering students.[6] For a complete list of the CDIO standards, please see Appendix A.

Another set of helpful guidelines is found within ABET's Engineering Criteria 2000
(EC2000), which clearly defines requirements that a school must meet in order to be
accredited.[5] The most important portion of this document is Criterion 3: Program Outcomes
and Assessment. It discusses that, by the end of a student's academic program, they must be able
to apply the mathematics, science, and engineering information that they have learned to design
experiments and interpret the results, and design systems or processes to meet desired needs. To
do these things even more successfully, they must be able to function on multi-disciplinary
teams. In addition, they must be able to understand and then solve real-world engineering
problems, using all of their acquired knowledge. They must find these solutions within a proper
professional and ethical solution space. They must be able to communicate their ideas
effectively and understand their place within global context. Graduates will hopefully leave with
a desire to engage in life-long learning and use this to understand modern issues. Lastly, they
need to be able to physically use the required techniques, skills, and tools that modern engineers
have in order to solve these problems. [5]
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Obviously, these three sets of guidelines have differences in implementation, but many of
the common principles can be used to create a program that effectively teaches engineering to
new students. By making the design challenge a tangible, immersive experience, students are
forced to engage with the new material in order to succeed. They must work in teams, much like
they will in real-life, to accomplish something that would likely be too challenging alone.
Leadership and other professional skills are emphasized throughout the program, another
opportunity to make the challenge seem more life-like. Seeing complex topics expressed in a
real, physical example makes the material easier to grasp and conquer. Throughout the process,
there are design check-ins and design notebook inspections in order to ensure that students have
learned the material sufficiently enough to succeed in making decisions. At the end of the
summer, the students must describe what they have learned and how they applied their
knowledge during a well-formulated presentation to their peers and teaching staff, which will
hopefully show the successful acquisition and mastery of many previously-unknown topics that
can then be taken back with the students to be passed on to their peers at SUTD.

1.4. Learning Objectives for the Engineering Design Challenge
GLP's Engineering Design Challenge is a comprehensive, introductory project-based

course that teaches key engineering and design fundamentals as well as the necessary skills to
physically realize those designs. The project is framed as a real-world exercise with realistic
design constraints, such as size requirements and budget considerations. The few guidelines for
the project act primarily as safety precautions, leaving most of the design solution space wide
open for students to explore and be creative with their creations. While the numerical rationale
is important for determining engineering goals, practical considerations, such as ease of
assembly and reliability, are also critically analyzed. Student learning is reinforced through
extensive hands-on building, and this reinforced knowledge is then able to be transplanted back
with the students, allowing for an exchange of knowledge, skills, and even culture between MIT
and SUTD.

2. Origins of the GLP Engineering Design Challenge

2.1. Design-Build Culture at MIT

The maker culture is incredibly prominent at MIT, and it is no surprise that our
collaborator, SUTD, also hopes to be prominent in this movement. With approximately 28
major makerspaces on the MIT campus, most students have a place where they can access the
tools and machinery necessary to create almost anything they can design. Ranging from basic
drill presses to five-axis mills, almost every type of fabrication tool imaginable can be found, and
students are able, with proper training and access rights, to utilize most of them. Many spaces
began as a place for classes to complete required laboratory activities, but as the do-it-yourself
culture began to flourish and students wanted a place they could use to work on their own
projects, other types of facilities began to spring up. For a small fee each semester, students are
allowed to work on anything they'd like in MIT's Hobby Shop. Mechanical engineering
students, once properly trained, are allowed to utilize MakerWorks to complete both school and
personal projects. Besides these official establishments, many students have access to smaller
tools in their own living communities, which has become a necessity for MIT's late-night makers
since many of the formal spaces close in the evenings and on weekends.[7]
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Very recently, further steps have been taken by MIT administrators to support its student
makers. For example, many shops have recently hired additional help or recruited volunteers in
order to keep the doors of their spaces open longer into the evenings and over the weekends. In
addition, training efforts have generally increased across MIT and an emphasis on establishing
ways to broaden access to certain makerspaces has been gaining momentum. In fact, a new
space is being planned that would provide centralized training to incoming students who would
then have access to many different spaces across campus. These newly-trained students would
then give back to the shops by dedicating a small amount of their time to help other students
receive training and oversee their work in the shop.

This peer mentoring system within makerspaces has shown to be effective in establishing
a sense of community within these spaces and others like it at other universities. Not only does
this help the students involved feel more inclined to help and teach each other, but they also feel
a shared desire to keep their space clean and in good working order, which eases the workload on
the permanent shop staff who oversee these spaces. This community feeling is enhanced by the
fact that many of the students within these spaces share common coursework. When a design-
build class begins, senior members of the community often share words of wisdom with the
underclassmen. This transfer of knowledge helps MIT students to continue to push the
boundaries of what is expected in such classes by building on the knowledge of their fellow
classmates. Even students new to, say, robotics can benefit from the work of those before them
through late-night tales of what not to do in order to complete a task in a competition. An
institutionalized version of this peer mentoring is the Pappalardo Apprentice program. In this
class juniors and seniors enhance their hands-on skills by working closely with Pappalardo Lab's
shop staff. These students then act as mentors for the underclassmen taking Design and
Manufacturing I, course number 2.007, which is a design-build class centered on small robots.

Similarly, seeing other students work within these spaces can be inspiring and spark an
interest that might not have been there otherwise. For example, there is a large personal electric
vehicle (EV) movement at MIT. There are many students that have created their own scooters,
electric bikes, go-karts, and everything in between to use both as practical modes of
transportation as well as for performance-based competitions and races. There is even a
motorized shopping cart on campus. Interestingly enough, this craze has not ceased, and more
and more new EV projects are instigated each year, with many of them becoming more
elaborate, with enhanced body kits or improved performance specifications. Many of these
projects are well documented on personal blogs that the students write themselves. These how-
to guides are both for their own personal portfolios but, more importantly, full disclosure so that
others, both at MIT and beyond, can make the project themselves or take a piece of it as a
starting point for their own creations and experiments. Students within MIT, and others
worldwide, take inspiration from each other's work and expand upon it. They do not just stop at
understanding what others have done but, instead, dive further to increase their own
understanding and personal skills by being able to physically achieve their conceptual designs.
In this way, knowledge is passed along throughout the community of MIT, and beyond, without
students even having to sit down in a lecture hall. Some members of the community consider
this to be the most valuable learning opportunity at MIT.

2.2. Design-Build Classes at MIT

MIT is well-known for being a technology-driven and engineering curriculum-heavy
university. According to MIT's registration numbers, in the 2015-2016 school year, 71.9% of
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undergraduate students who have declared a major are within the School of Engineering.[8]
Most engineering departments include several design, engineer, and build classes within the
required coursework for the major, comparable to with most universities around the world.
These classes can range from small, single person projects to very large teams working on a
single prototype. An example of the latter is The Product Engineering Process course number
2.009, which serves as the senior capstone project for most mechanical engineering
undergraduates. Teams of up to 25 students have been tasked with brainstorming, designing, and
creating an alpha-level prototype based on the year's product theme. This prototype is then
demonstrated live in front of a large crowd and essentially pitched as a brand new product, with a
focus beyond just engineering and spanning into marketing and manufacturing considerations.
The course follows many of the curriculum criteria advocated by CDIO and is a good, tested
model of a comprehensive PBL class; however, it is a senior-level capstone class and has a scope
that is too large for a summer program meant for students just finishing their first year of
college-level studies.

MIT's Toy Product Design, course 2.00b, and Design and Manufacturing I, course 2.007,
are much closer in project scope and expected entry skill level to the GLP Engineering Design
Challenge. 2.00b allows second semester freshmen considering majoring in mechanical
engineering to design new toys in groups of about five and then present these creations to their
peers and panelists in a session known as "Playsentations" at the end of the semester. The
course's curriculum closely follows that of 2.009, which most of the students will take three
years later, and other similar CDIO-focused classes. The lectures begin by explaining
brainstorming techniques before moving into discussions of necessary skills, such as sketching,
3D modeling, component selection, and good prototyping practices. Introducing all of these
skills, as well as the process of design, early in mechanical engineering students' time at MIT is
meant to help them learn how to begin projects successfully and to see a clear path to a finished
product through careful iteration and testing. In addition the principles taught are reinforced
when the students are forced to put what they've learned into practice during the semester-long
prototyping process.

2.007, on the other hand, is meant for second-semester mechanical engineering
sophomores. By this time, students are expected to have a greater understanding of basic
engineering principles, at least on paper, through previous coursework. The next step that this
class helps students take is to analyze a real engineering problem, come up with a quantitative
solution, and then physically realize that solution, again following the CDIO standards for hands-
on engineering learning. This is achieved through the semester-long project of creating a small
robot, referred to as a "Mini-Me," that is designed to satisfy specific tasks in a competition.
These tasks can range from simply climbing steep hills as quickly as possible to more difficult
tasks, like picking up and orienting strangely-shaped objects or even running autonomously.
There are many different ways to score points and also many different ways to solve the same
problem, allowing students to be creative and pursue designs as complex as they think they can
successfully fabricate and operate. The course's open-ended nature allows for some guided
student exploration if extra challenge is wanted. However, since the students are all provided
with the same raw materials, including the motors, wheels, and gears that will power their
machines, there is not unlimited freedom to explore, ensuring that the scope of the project does
not easily get out of hand. This balance between focusing the scope of the project and also
allowing for optional hardware and software exploration in a semester-long project is tough to
get right, especially when being mindful of class resources and time requirements.
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2.3. 2.00gokart

One class that attempted to give real-world context to a comprehensive, challenging
design-build project was a special section of 2.007 referred to as 2.00gokart that was taught from
2012 to 2014. Students taking this special section were enrolled in the regular 2.007 and
attended the standard lectures that taught the basic principles of mechanical design and how to
use back-of-the-envelope calculations to prove whether a concept was worth pursuing. The
difference was in the hands-on weekly lab section. While students in the standard 2.007 sections
attended weekly labs where they worked on their Mini-Mes, the students in the go-kart class
attended a separate lab where they worked on their go-karts. The instructor of the go-kart
section supplemented the standard lecture information with his own mini lectures that related
directly to the topics and techniques necessary for the students to successfully create a small,
rideable, safe electric vehicle. These topics ranged from understanding motor specifications to
deciding where and when to purchase parts online instead of making them in the shop.

While the scope of the project was rather straightforwardly defined as creating a small,
single-person, electric-powered vehicle, there were very few other rules given besides this,
leaving it wide open for student interpretation. In addition, students were given very few raw
materials, essentially just three 6-foot long 80/20 T-slotted aluminum extrusions, 24-inch by 24-
inch sheets of 6061 aluminum in 1/8- and -inch thicknesses meant for water jetting, and three
A123Systems 12V lithium-ion battery modules to power the system. This, too, encouraged
exploration of components, and the budget of only $500 per vehicle encouraged resourcefulness
and careful planning. Besides cost, another design limitation was speed. The vehicles were
limited to 20 mph. The vehicle also had to be "statically stable" when powered off and had to be
able to support the weight of the rider without considerable flexing or bending. In addition, the
vehicle had to have effective mechanical brakes; feet weren't allowed. The last mechanical
constraint was that the vehicle had to be able to fit through a standard US doorway, defined to be
33.0" wide. Along with these mechanical constraints were electrical requirements, mainly
enforced for safety reasons since many of the students had limited circuitry experience. In
addition, these vehicles were created in teams of two instead of individually. This allowed
students to collaborate, teach each other, and motivate each other where an individual might be a
bit intimidated by the unknown nature of the project, as happens sometimes in the standard 2.007
sections. Keeping the teams at just two students also has the advantage of allowing each student
to feel ownership of the final product, whereas this is more challenging with a larger team, like
in 2.009.

Because the two students working together will feel a sense of ownership of the final
product, there is a greater chance that they will put somewhat more time and consideration into
the final design, especially since the teams are allowed to keep the final vehicle, just as the
students taking the standard 2.007 class are allowed to keep their robots at the end. In fact, many
students who have taken 2.00gokart continue to use their vehicles around campus, continue to
make improvements and modifications to them, and show them off to fellow students as well as
display them at local exhibits and Maker Fairs. Because of this, additional considerations for
long-term use, reliability and ease of repair, and ease of assembly and disassembly were often
major motivating factors behind design decisions in this class.

Another reason that students in 2.00gokart became so personally invested in their projects
is that one of the requirements at the end of the semester was that both students had to race the
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vehicle during a time trial in a local parking lot or parking garage. This forced students to design
their vehicles with themselves as the client. Since students would be riding in their own go-
karts, this provided extra motivation to ensure structural and mechanical reliability as well as
electrical safety. By forcing students to literally immerse themselves in their project, the stakes
were raised, and it became less likely that either student would be willing to take a backseat in
the decision making process, since both must be comfortable with the final product. This
project's immersive quality also lent itself to friendly competition, which was an excellent
motivator for pushing the boundaries of engineering design. In the same way that the final
competition at the end of 2.007 motivates its students to succeed, teams literally raced for
bragging rights at the end of the semester, and this sense of pride often motivated them to
optimize their acceleration and handling capabilities in order to put on a good show. Though the
final results of the races and time trials wasn't really a factor in the grading of the course, the
deadline of the race and longing to perform well was seen as a huge factor in the successful self-
motivation within the class.

Figure 2: A team of students demonstrating the mechanical capabilities of their go-kart before continuing on to
add the finishing electrical touches.

2.00gokart meets many of the CDIO criteria. It incorporates learning through a hands-on
design-build project. 2.00gokart had a dedicated garage workspace right next to a rapid
prototyping lab, the International Design Center (IDC), in which students had 24/7 access to the
tools necessary for completing their project. It served as a comprehensive introduction to
engineering design and implementation. The learning process is integrated and active. The
learning is assessed throughout by observation, inspection of design notebooks, and formal
presentations on progress and final results. The only real component that could be said to be
missing is the final program evaluation component. While students do fill out generic subject
evaluations at the end of term, some of which provided valuable insight, most students either
don't complete them or do not leave detailed responses. This could be remedied by creating an
easy, numerically defined exit survey that asked questions about specific aspects of the learning
process and objectives.[6]
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3. GLP 2013 and 2014: Go-Karts

2.00gokart was the model framework for the original GLP Engineering Design
Challenge. The only real changes made from the original 2.00gokart curriculum to that of the
Design Challenge of 2013 and 2014 was that the teams were increased from two students to three
students and that the timeline was shortened to fit into nine weeks during the summer instead of
a full school semester. There were also a few changes to the content presented to the GLP
students. Because the students taking the summer program were not simultaneously taking
2.007, as students in 2.00gokart would have been, a few extra lectures covering material from the
main class were added. In addition, more time was spent teaching computer-aided design
techniques over the summer, as many of the students had not previously used 3D CAD software.
Additionally, most of the GLP students had only finished their freshman year and, therefore, on
average, came to MIT with less engineering and scientific know-how than most of the 2.00gokart
students.

The budget for GLP was the same as for 2.00gokart: $500. There were a few starter
parts given to each team that were not included in this total, including three 6-foot long 80/20 T-
slotted aluminum extrusions, 24-inch by 24-inch sheets of 6061 aluminum in 1/8- and 1/4-inch
thicknesses meant for water jetting, and three A123Systems 12V lithium-ion battery modules, a
battery charger, and a single wheel. There were some "free" stock materials available, such as
signal wire, ring terminals, and standard nuts and bolts, which were also not included in each
team's total budget. Most of the other design requirements were also pulled directly from
2.00gokart, such as the limitation to 20 mph and the requirement that vehicles be "statically
stable" when powered off and capable of supporting the rider with minimal flexing. Again,
mechanical brakes were required, and smaller designs were encouraged since the vehicle had to
fit through a 33.0" doorway. The same electrical requirements from before were also enforced
since the SUTD students also had minimal circuitry exposure.

The aforementioned regulations were not designed to restrict what students would create
but were an attempt to maintain safety and good design practices while leaving the solution
space as wide open as possible in order to encourage creative solutions and simulate a real-world
problem. Using loosely-defined problems during practical learning experiences is one of the
practices encouraged by the CDIO framework. [4] The use of a general budget instead of giant
cabinets of stock materials was yet another way that creativity was encouraged. One concept
that was emphasized during an early mini lecture is to determine exactly what would be best for
the application before blindly looking for whatever is available on the internet. Having a solid
idea beforehand prevents a student from getting overwhelmed with all of the choices so easily
available to them. Encouraging creative part sourcing is one of the unique highlights of this
course and something that is not seen in many other similar courses.[9]

For example, at an early point in the design process, each team had to pick a motor, or
two, to power their vehicle. Since this was such a pivotal component of the design, careful
consideration was encouraged, and the staff held extra office hours just to help guide students in
this decision, although without giving them the "answer," since, of course, the correct motor
selection depended on the vehicle's design. Motors are not "one size fits all." Instead, the
students were taught how to perform basic calculations of the relationship between the required
motor torque, current capacity, and vehicle acceleration goals. These goals were then used to
determine what sort of motor was necessary for a particular end goal. As one can imagine, there
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are typically more unknowns than known quantities at first, but this forced students to prioritize 
what was most important for their design. A setup favoring high acceleration out of turns might 
require an AC brushless motor with high speed and low torque. Upon further consideration, the 
team likely discovered that they had to utilize gearing to achieve a suitable maximum speed for 
their go-kart. If weight was not a consideration and the team just wanted to maximize speed, 
they might have opted for large, power-hungry DC motors and chosen to purchase extra batteries 
to power their system. These are just two opposite examples demonstrating how the staff helped 
students pick a direction for proceeding. See Appendix B for an example of a student team's 
required power calculations. 

Figure 3: An example of a hobby RC airplane motor, a Turnigy SK3, which was chosen by one team to propel their 
go-kart. It was only $58 and could be acquired quickly from HobbyKing.[10] 

Once the students figured out their power requirements, they selected electric motors and 
motor controllers that could meet those requirements. With unlimited funds, this would have 
been an easy task, but it became much more challenging with a budget of $500. This limitation 
forced students to be creative in selecting their motor source. For instance many of the motors 
used during the summer sessions were designed to power the propellers of hobby RC airplanes, 
but with careful current control and proper gear ratios, they successfully functioned as the 
driving force behind many electric vehicles. This out-of-the-box sourcing was discussed very 
early on during mini lectures and was further emphasized with examples of similar creative 
sourcing. The students were forced to do independent research on these topics, and while they 
didn't have to become experts, they needed to judge how much information was required in 
order to make an informed decision. This practice of informed decision-making is a large part of 
PBL projects.[4] 

4. Peers as Teachers 

Since the class exists somewhere between a by-the-books CDIO-based design-build class 
at a top university and a do-it-yourself maker workshop that someone might run out of their 
garage, a similarly unique teaching staff is necessary for its success. It is easy to see why a 
tenure-track professor might be an excellent choice for teaching the first principles required to 
understanding the fundamental calculations behind necessary conceptual decisions, and yet 
someone with a very different skillset may be more suitable to help students learn how to source 
parts and create design schematics before production. These are the hands-on instructors of the 
course and are fundamental in foreseeing the potential pitfalls of each team's vehicle. Many of 
the hands-on instructors as well as the teaching assistants are established "makers" at MIT who 
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have a lot of practical knowledge of the subject material. Both the lecture and hands-on
instructors are capable of providing valuable feedback to students on their ideas and plans during
early design reviews. The lecture instructors should be able to easily help the students with a
simple calculation that proves whether a certain setup can attain a specified performance metric
according to the laws of physics, while the hands-on instructors might ask critical questions
about proposed assembly and constraints that students hadn't yet begun to consider.

A primary reason that the teaching staff were so able to help the participants of the
program, in spite of being only one or two years older than the students, was their experience
gained from participating in the same design challenge prior to teaching the GLP class. With
few exceptions over the four years that GLP has run, all of the teaching assistants have created
their own electric go-kart (or electric boat in later iterations of GLP) to the same specifications as
the students. Going through this process gives the teaching assistants invaluable insight into the
areas where students might struggle and where useful guidance would be most effective. Having
been through the entire process themselves, they can advise students on how long certain steps in
the project might take and to encourage that they leave time at the end for debugging, a critical
step that most students new to these types of challenges don't appreciate. These teaching
assistants often catch potentially catastrophic flaws in design plans, which might be easily
remedied with proper consideration early on in the design process. In addition, many students
seem to respond more positively when instructed by their peers than by older faculty members.
Advice from mentors closer in age and experience feels more like helpful advice and less like a
from-the-top mandate. Peers often have a better way of explaining a topic, perhaps in simpler
terms, than tenure-track professors.

Peer mentoring between students participating within GLP's Engineering Design
Challenge is one of the serendipitous highlights each summer. When the building really starts to
ramp up and the teaching staff are occupied, it is not uncommon to see students guiding each
other through simple manufacturing operations that they themselves may have just recently
learned. Teaching others new skills is a useful way for students to solidify new knowledge since
they are simultaneously running through the process themselves a second time. [4] By going
through the entire process and explaining it, students are able to objectively determine their own
oversights and shortcomings about the topic. The hope is that those students would then use
resources available to them to fill in those knowledge gaps and further solidify them with the
next usage.

Similarly, since it is highly unlikely that the staff will be able to verbally explain a
complicated machining operation and have all of the students memorize it on the first run
through, this cycle of learning enough to safely get by, shakily making it through a first attempt
with help or alone, and then gaining confidence through mentoring others is how students in this
program are able to quickly master the necessary skills for successful fabrication of their electric
vehicles. Furthermore, they are then essentially skilled enough to return to their home campus in
SUTD and pass the information along themselves to fellow students that want to share in what
they have learned, one of the major goals of GLP. Thus the peer mentoring continues even after
GLP has ended, and the information learned across the world at MIT has the ability to become a
solidified part of every interested student's education back on SUTD's own campus.

This adoption of what had been considered to be part of a solidified culture on MIT's
campus has truly been accepted and adopted at SUTD. SUTD now has its own Electric Vehicle
Club now and runs a 12-week-long intensive workshop teaching others how to build their own
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electric go-karts. An example of how well integrated electric vehicle technology is on SUTD's
campus can be seen in their own promotional posters and graduation announcements (Figure 4).
The flyer congratulating SUTD's very first graduating class showed familiar students in their cap
and gowns with various objects from their undergraduate years; most notable for GLP, though,

was one student riding the go-kart he had created during the Engineering Design Challenge at
MIT a few years earlier. Clearly, the program succeeded in transplanting elements of MIT's
own culture and knowledge base back to SUTD and had a lasting impact on its participants and

those around them.

CONGRATULATIONS TO OUt
FIRST BATCH OF GRADUATES.
The world eagerly awaits the next breakthrough n technology and desigQ..

Figure 4: A graduation poster for the first batch of SUTD graduates. The presence of a go-kart created during GLP
shows how significantly electric vehicles have become an integrated part of SUTD's student maker culture.

5. GLP 2015 and 2016: Boats

Using go-karts as the model for teaching the GLP students valuable design and
engineering principles as well as establishing a strong means of transplanting elements of MIT's

student culture to SUTD was successful according to both educational goals and student
feedback. However, encouragement to change the scope and focus of the Engineering Design
Challenge's project caused the shift from electric go-karts to electric boats as the main summer
build. The main factor behind the change was a desire for novelty in the project. With the
successful transfer of knowledge and the establishment of SUTD's own EV team, it was clear to
administrators that go-karts now had less appeal as an exclusive learning experience that only
MIT could offer. In fact many other colleges, high schools, and other institutions across the

country were beginning their own similar EV programs.[l 1][12][13] In an attempt to stay in the

forefront of innovation and education, the project was changed to the more difficult problem of
design of single-passenger boats, something that wasn't being done to the same degree
elsewhere.

The switch to electric boats also offered the additional advantage of greater flexibility in
design creativity, in part because of a larger team and a larger budget. Since the difficulty of the
project had been increased, the budget was increased to $1000 per boat, and the number of
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students per team was increased from three to five. This allows for more students, with different
skillsets, to collaborate and, hopefully, come up with even bigger and better designs. Not only
could students customize their propulsion methods to their liking, as they had with their
drivetrains before, but there was also more variety in external appearance of the boats. With go-
karts students had mainly stuck to working with the provided 6061 aluminum sheets and 80/20
T-slotted extrusions for their framing, but with boats, there were many options for building
materials. The most obvious answer was creating wooden panels and then "stitching" these
panels together to create the boat shape. However, there were other options, such as using foam
to create interesting shapes or adding pontoons to the design. The most creative use of material
during the first summer (2015) was a team's decision to fold a single piece of corrugated plastic
into the shape of their hull. It took a considerable amount of planning and prototyping before the
final product was made, but it had the advantage of being watertight with no additional required
steps.

Despite the increase in creative freedom, many students did not seize the opportunity to
innovate the way that students had the previous summer with their go-karts. In retrospect, it is
likely that the scope of the boat project as it was presented that summer felt intimidating to the
students and left many of them unsure of where to begin. The unfortunate consequence was that
the quality of learning decreased due to a lack of personal and team innovation and exploration
in order to make a seaworthy vessel in the allotted time. Though many of the boats looked vastly
different due to their variety of hull shapes, the propulsion systems for six of the seven boats
were essentially identical to the water-jetted outboard motor presented by the instructors at the
beginning of the semester on their own example watercraft. While the students did individually
create the CAD files necessary for the production of these outboard motors, many of them
blindly copied the instructors' design, even going so far as to use tape measures and calipers to
reverse engineer their design from the instructors' example. When questioned about certain
design decisions, they were unable to provide answers due to a lack of depth in their
understanding because they did not truly engage with the material presented but rather copied the
example given to them. While this allowed them to successfully complete their designs, it is less
likely that new electric boats will be created at SUTD's own campus, even by the EV club there,
until the knowledge is absorbed and maintained with deeper understanding. The hope is that
during this coming summer, the second year with boats, as with the second year of go-karts, the
students will feel more adventurous and confident, having seen that their classmates before them
were able to complete the challenging project in the allotted time.
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Figure 5: The instructors' boat, which served as an example to the GLP students. Its outboard motor design was 

very popular during the first summer. 

Another change that may have done more harm than good in this PBL process was the 
suggestion that students break into subteams to specialize in different aspects of the overall 
design. The original recommendation was that two students focus on the hull design, two 
students focus on the propulsion system, and the last student focus on the electrical wiring. The 
idea of splitting the larger teams into smaller ones was based on how such a project would likely 
be approached in a professional engineering setting, a technique recommended within the CDIO 
model. The intent was to have the smaller groups of students take the lead on their "assigned" 
part of the designs but still have the entire team work together throughout the process, especially 
during fabrication. However, it soon became clear that most subteams focused only on their 
single task and were completely unaware of what the other subteams were doing. This led to 
problems down the road with systems integration, although guidance from the teaching staff did 
help to alleviate most of those concerns before they grew out of hand. In addition when it was 
time to actually construct the boats, the propulsion and electrical teams tended to leave all of the 
hull construction to the two students focusing on the hull. This put a lot of stress on those two 
students, since the creation of the hull, waterproofing it, and finishing it is unquestionably the 
most time- and labor-intensive part of fabrication. Many of the steps in the hull construction 
process, such as laying up fiberglass, would have benefitted from additional hands. Even if 
students were to divide up the labor based on their designated specialty, the staff had hoped that 
they would work on the hull, the propulsion, and the electrical components in parallel, that way 
there would have been ample time at the end to make adjustments as necessary and even do 
some testing before unloading into the Charles River. 

Another problem with the first year of boat building was that it also felt daunting to the 
teaching staff. As discussed previously, it is important for the hands-on instructors to be very 
knowledgeable of the subject matter and have personal experience going through the design
build process themselves. Even though some instructors had participated in building boats the 
semester before in order to test the viability of the project as well as determining appropriate 
timeline milestones, they still ended up with less experience than is ideal for teaching others. 
Ideally, they would have been through the process a few times or at least been familiar with it 
more than a semester before instructing others, but unfortunately, that was not an option. This 
lower mastery level of content by the staff coupled with a lack of increase in staffing to account 
for the increase in project scope led the project to be a less successful overall learning experience 
than previous years. That being said, it was still considered a success since all seven of the 
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student teams had a floating vessel that was able to carry a passenger for a short amount of time
in the water. The hope for next year, of course, is to improve on this success by encouraging
greater variety in design, and especially helping students start fabrication earlier so that they
have time to test before the main event, and, most importantly to achieve the learning objectives,
encouraging more thorough exploration of design and construction techniques throughout.

Figure 6: A picture of all of the boats just after the float test in the Alumni Pool. All seven teams successfully
passed by demonstrating sufficient buoyancy and stability.

In order to ensure greater success for the next summer, the new teaching staff, with only
one returning instructor, has spent the spring semester revising the existing curriculUM. It is
likely that some of the changes will cause more harm than good to the fundamental, long-term
educational goals, although they will undoubtedly solve many of the short-term problems seen
last year. To solve the problem of students beginning physical fabrication too late in the
summer, the staff is pre-stocking the International Design Center with large sheets of wood and
foam insulation, which are both commonly used materials for the hulls, and also powerful
electric motors and compatible motor controllers. In fact, the chosen motors would have been
too costly last summer, if the students had purchased them individually. The reason that these
seemingly overpowered motors were chosen was based on the fact that several motors last year
failed to satisfy the actual real-world operating conditions of propelling the boats and ended up
failing.

Unfortunately, attempting to solve these problems for the students before they even arise
will most likely take away many valuable learning opportunities. Even a project that fails can
still be an incredibly valuable learning experience, according to the CDIO predicted learning
outcomles.[6] In fact facing additional challenges during a project build can lead to even greater
understanding of the overall subject matter due to a need to creatively solve the new problem. In
addition, students should work autonomously in order to ensure the greatest amount of
knowledge usage and the most life-like scenario. This means that they must be able to set their
own timelines, with the program's periodic milestones acting as miniature deadlines along the
way, and that they should have control over all aspects of the build, such as being able to select
their own motors. If instead a preselected motor is handed to them, there will be almost no need
for them to understand the fundamentals of the mathematical models used to choose a motor,
unlike the previous iterations of the program. In order to uphold the simulated real-world
environment, students need to be responsible for the poor decisions they make. Having a wide
variety of additional "free" materials on-hand decreases the need for them to plan ahead and
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work with urgency and purpose. If they delay too long in purchasing materials, there should be
obvious, true-to-life consequences, like late nights trying to finish by a deadline and having to be
resourceful if a component fails to arrive in time. Despite the harsh sound of this idea, the
learning opportunities created in these high-pressure situations have proven to be effective in the
past and are well documented within pedagogical literature as being the most effective way of
truly solidifying learned concepts. [4] [14][9]

6. Future Steps

While it is clear that the new GLP Engineering Design Challenge staff wishes to make
some changes to the project details, it is important that these changes be properly evaluated in a
pedagogical sense and with long-term learning goals in mind. Thus far, the project has acted as a
very real-world example of working with a team to understand the problem presented, design a
comprehensive solution, and then to execute that solution with life-like constraints like limited
time and budget. As suggested by the CDIO framework, the coursework itself should not remain
static from year to year. It must instead be updated to continue being relevant and up-to-date in
today's engineering world. Because of this, a concrete way of evaluating whether certain
perceived learning objectives were actually satisfied is critical as well as a way to look for
current shortcomings within the program.

One simple solution is to begin administering entrance and exit surveys for the program.
Students can be asked about specific topics or broad skills both before and after their
participation in the challenge. Tracking the changes is a concrete way of determining whether
the learning objectives were met. In addition, another survey should be sent out to the alumni of
the program asking if and how GLP enhanced their learning experience at SUTD. With the
advantage of hindsight, the former students might be able to suggest components they thought
were missing from the program or elements that were unhelpful. Because of the valuable insight
that can be gained, surveys will become a standard in GLP, starting with the summer of 2016.

In addition, ensuring that the program's main design component is of suitable scope is
one of the largest and most challenging trials of preparing for each summer session. Though
boats seemed a bit overwhelming to both students and staff in the summer of 2015, it may have
been a matter of presenting the material as part of an overwhelming project instead of assuring
that the task was feasible. Since the staff in 2015 was less confident with boats than with go-
karts, their unease may have spread to the students. In addition, less confidence during early
design reviews, on both sides of the evaluation, may have led to some delays early on in
fabrication that left teams rushing at the end and forced staff to step in more than they had
initially wanted. It is hard to say with just one data point exactly where the source of the
challenges truly lies, but a second summer of boats should provide valuable insight, especially
with the addition of the surveys of the students before and after the program.

No matter what direction the Global Leadership Program's Engineering Design
Challenge takes in the future, it is clear that in its short history, it has had a lasting impact on
both students and staff and has worked as an effective introduction to the engineering discipline.
That being said, a concrete evaluation plan moving forward will be crucial to keep the program
relevant and at the forefront of engineering education. GLP has the potential to act as a
framework for other cross-university institutional transplantation programs. Creating more
programs of a similar scale would allow more students to participate in engineering at the global
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scale. There is potential to give students the sort of global engineering education that will be so
critical for their success after graduation and into the future as the world becomes even more
interconnected. For now, though, GLP acts as a successful transfer of knowledge between MIT
and SUTD and prepares its participants with the skills necessary to be leaders within their
school, their communities, and their career fields.
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Appendices

Appendix A: CDIO Standards

CDIO standard

I The context
Adoption of the principle that product. process. and system lifecycle development

and deployment-Conceiving-Designing-Inmplementifng-Operating-are the
context for engineering education

2 Iearning outcomes
Specific. detailed learning outcomes for personal and interpersonal skills: and

product. process. and system building skills. as well as disciplinary knowl-
edge. consistent with program goals and validated by program stakeholders

3 Integrated curriculun
A curriculum designed with mutually supporting disciplinary courses. with an

explicit plan to integrate personal and interpersonal skills. and product.
process. and system building skills

4 Introduction to engineering
An introductory course that provides the framework for engineering practice in

product. process. and system building. and introduces essential personal and
interpersonal skills

5 Des ign-implement experiences
A curriculum that includes two or more design-implement experiences. including

one at a basic level and one at an advanced level

6 Engineetring workspaces
Engineering workspaces and laboratories that support and encourage hands-on

learning of product, process. and system building. disciplinary knowledge.
and social learning

7 Integrated learning experience.
Integrated learning experiences that lead to the acquisition of disciplinary

knowledge, as well as personal and interpersonal skills. and product, process.
and system building skills

8 Active learning
Teaching and learning based on active and experiential learning methods

9 Enihancement of faculty competence
Actions that enhance faculty competence in personal and interpersonal skills.

and product. process. and system building skills

10 Enhancement of faculty teaching competence

Actions that enhance faculty competence in providing integrated learning
experiences. in using active experiential learning methods. and in assessing
student learning

I I Learning assessment
Assessment of student learning in personal and interpersonal skills,

and product. process. and system building skills. as well as in
disciplinary knowledge

12 Program evaluation
A system that evaluates programs against these standards. and provides

feedback to students, faculty. and other stakeholders for the purposes of
continuous improvement

Figure 7: List of CDIO standards for engineering education curriculum.[6]
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Appendix B: Example of a Student Team's Innovative Design and Supporting Calculations

The following is a series of screenshots from one team's personal blog that details the
calculations they performed in order to select an appropriate imotor for their go-kart. It is
important to also note Figures 8 and 9, which shows a simple schematic of their "flying carpet"
design. It utilizes 4 Omni Wheels, each positioned at 45" and individually controlled, to move in
any direction using a joystick.

Figure 8: An early schematic of the Flying Carpet Kart that utilized individually-driven Omni wheels to move in any
direction using a joystick and very precise controls.[15]

Figure 9: Photograph of the finished go-kart. Though it was unable to move while supporting the load of a
passenger, it was able to move properly without a rider on it.[15]
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Taking reference from the corner of the EV's main frame:

CW Motion of Wheel -'F'
CCW Motion of Wheel -'R'
No Motion - 'S'

TL Motor TR Motor BL Motor BR Motor

Figure 10: A simplified look at the necessary controls configuration for different directions of movement. [15]
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VROOM... VROOM...

As promised, here's our post regarding the selection process for our motor and yes,
it's going to be a little technical and 'number-yf, sorry! p

Based on our calculations, the maximum velocity in the forward direction is 8.9 m/s
(the speed limit of this challenge being 20 mph), but since our wheels are
positioned diagonally, we have to achieve a velocity of 12.5 m/s to reach the
maximum velocity in the forward direction. Using radius = 0.076m for our wheels,
the angular velocity for our wheels is given by v/r = 165.3 rad/s.

Below are the specifications of the motor we have chosen arbitrarily from the
internet:

24V, 250W Motor for Razor VoLtage of Motor 24 V
E300

Minimum RPM 2650 rpm

Minimum Current 13.5 A

Maximum RPM 2850 rpm

Maximum 13.7 A
Current

Kt 0.08041512914 Nm/A

Kv 118.75 rpm/V

Table 1: Specifications of motor from monsterscooterparts.com

Converting 2650 rpm to rad/s we have 277.5 rad/s for the motor's angular velocity,
and used that number to calculate the motor's torque and Kt values. The motor's
power input, given by minimum motor current, 13.5 A, multiplied by 24 V gives 324
W. We then find the power lost to internal resistance of the motor by taking 324W
minus 250W(given value), which is 74W. This allows us to find the internal resistance
in the motor, 0.4 ohms. At the same time, to achieve the forward velocity
requirements with our wheel dimensions, we calculated that we could use a gear
ratio of 1.8065.
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Torque-speed
Curve Time

Kt (Before Gearing) 0.06673340007 Nm/A

Internal Resistance

Kt (After Gearing)

Kv (After Gearing)

Theoretical Angular Velocity
of Wheel

Theoretical Torque of WheeL

Gradient of Slope

Theoretical Linear Velocity

0.4060356653

0.1205538872

79.21185128

199.081096

7.125712199

-0.0357930127

15.16997952

)

Nm/A

rpm/V

rad/s

Nm

M/s

Table 2: Additional calculations

Using the values we have, we plotted a torque-speed curve and used it to estimate
the theoretical rotational velocity of the wheeLs and theoretical torque of wheel. It is
fine that our theoretical calculations resulted in a higher prediction because we have
to expect factors that would slow down our speed.
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Resistive Forces
Calculations

Rolling Resistance Coefficient 0.005

Estimated Weight of Driver
and Vehicle

Drag Coefficient

Area

Pressure at Sea Level

85

0.5

1.275

External Forces

External Forces needed to be
overcome by each wheel

Torque required per wheel

Torque required per motor

Required Kt

Rotational velocity of wheel

Linear Velocity (Sideways)

Linear Velocity (Forward)

41.9478876

10.4869719

0.7991072588

0.4423510981

0.01105877745

179.7553068

13.46875438

9.523847556

N

N

Nm

Nm

Nm/A

rad/s

m/s

m/s

Table 3: Takina into account resistive forces and its imolications

To improve the accuracy of our predictions, we factored in the resistive forces and
ended up with a final Linear velocity of 9.52m/s which is still slightly higher than
8.9m/s. We believe this is still okay because we can adjust the gear ratio to
compensate speed for torque.

With the set up of these motor, wheels and voltage, we could work with a gear ratio
ranging from 1.8 to 2. As we increase the gear ratio, we would expect to gain more
acceleration though with a trade off of top speed. Acceleration would be very
important in our design because of our hoLonomic movements. We require the
wheels to accelerate between forward and reverse quickly so that we can achieve
smoother and faster turning.

Yup that's all from us now Do stay tuned!

Figure 11: Screenshots of posts on a team's personal blog regarding their calculations used to determine what sort
of motor power they might need.[15]
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