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Abstract- The October 2006 report by the Massachusetts ProblemsandExplore Sea, Space and Earth: Fundamentals
Institute of Technology (MIT) Task Force on the of Engineering Design Both courses were proposed in
Undergraduate Educational Commons highlighted the Spring 2006, planning and publicity occurred during
importance of project-based first-year experiencesOver  September 2006 — January 2007 and were offeredhéor
the 2006 - 2007 academic year six new project-based first time in February - May 2007.
science and engineering courses were offered at MIT Freshmen at MIT take general preparation courses as
This paper examines two of these six introductionot  required by the Institute before declaring theijorgat the
engineering classes, delivered by the Mechanical end of their first year. These general preparatioorses
Engineering and Aeronautics and Astronautics include single and multivariate calculus, biologhemistry,
departments. Each course is centered around a sester-  mechanics and electromagnetism/electrostatics. shiren
long design-and-build team project. Both classesquire =~ must take one “Communication Intensive” subjecthm/end
a strong web presence by the students through onkn of their first year to satisfy MIT's communication
documentation of the design process. One class is requirement[3]. The two courses discussed withathb
developed around a service learning model with teasnof  fulfill the communications requirement.
students working with underserved community-based Freshmen are also subject to a 57 unit credit liwtiich
partners to design products for use in these commuties.  typically amounts to four twelve unit classes angiree unit
The second class has students working in teams tegign ~ seminar. The number of units represent the nummbkours
underwater remote operated vehicles (ROVs). Two students are expected to spend on the course exail) loth
different learning philosophies were used in desidgng in and out of class. The nine unit seminars previdshmen
course content; with the underwater ROV course focsed the opportunity to gain subject-specific knowledgefore
on exploration of technology for student-centric deign,  declaration of their major field of study. The spew
while the service learning class focused on problem project-based courses, including the two discussere,
solving methods and meeting design needs of a were each offered for nine units.
community. This paper discusses the curriculum dégn Learning technologies are incorporated in mostselas
and development for each class and the differing at MIT, mainly through the Stellar online course
experiences of the 35 students between these twasses. management system and documentation on MIT's Open
Course Ware. This is no different for the two sks
Index Terms— Design and Build, Engineering Curricula, profiled in this paper.Solving Real Problemgsed a custom

First-Year Experience, Project-Based Learning built website to enhance student-teacher and stisledent
communication. Student were also expected toritoné to
INTRODUCTION team blog and wiki sitesExplore Sea, Space and Eartsed

the Stellar course management system and had ssualaiid
Project-based learning is growing in importancepag of  online design portfolios over the semester. Prasearch
undergraduate engineering education at the Massattku has shown that increased communication and e-fiogfo
Institute of Technology (MIT). Endorsed by the Delar have enhanced learning experiences in project-based
Undergraduate Education [1] and funded largely bg t courses[4,5, 6].

d’Arbeloff Fund for Excellence in Education [2], gject- The remaining sections discuss each course’s alurit
based course offerings targeted towards freshmare haand project design, student experiences and the
increased significantly in the last year, with sew courses recommendations and lessons learned. Includelainwi
beginning during the 2006 — 2007 academic year. each section is a discussion of the learning tdolgies used

The Mechanical Engineering and the Aeronautics andh the teaching of each course.
Astronautics Departments at MIT offered two newrses to
expose freshmen to engineering desiddolving Real
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COURSE DESIGN

The Solving Real Problemsourse and th&xplore course
invoked two different methodologies in terms of raaulum
design and concept presentation as outlined insibdsion.
Both courses were taught by professors who areriexped
in teaching project-based courses. The lead icistrof the
senior level Mechanical Engineering courgeroduct

Engineering Processe$7] and the lead instructor for

graduate levelElements of Mechanical Desigare the
professors ofolving Real ProblemsProfessors oExplore
Sea, Space and Earth: Fundamentals of Engineeriegidh
have also taughintroduction to Aerospace and Desid@,
9], Introduction to Ocean Science and Engineeriagd
Introduction to Design and Manufacturinfl0].  This
previous experience is reflected in each courseSghh as
the methodologies and curriculum used in each eoars
similar to those of the courses taught previousjy the
professors.

I. Solving Real Problems

Solving Real Problemased a top down approach to teach

students about design and engineering. In theléicsure of
the semester students were presented with sevejatfs to
choose between for their semester-long design expss.
After specific projects were selected by the stisldactures
were tailored to the contextual engineering issweedled for
work on the chosen projects.

Projects were conceived by community partners an

then selected through an application process sedeby the
professors and the MIT Public Service Center.
projects are summarized in Table | below. Threthefnine
projects were selected by students for further idgweent
over the semester.

TABLE |

PROJECTSAVAILABLE FOR SELECTION IN SOLVING REAL PROBLEMS

Project Community Partner Selected
(Y/N)

Robotic Water Shark Super Duck Tours N
Pedal-powered Concrete Mixer Maya Pedal Y
Golfer Prosthesis Therapeutic Recreation Systems N
Pedal-powered Water Pump Maya Pedal N
Vegetable Waste Composter The Food Project Y
Reading Device for the VisionPartnership for Older Adults Y
Impaired
Hands-free Twin Stroller Vision Impaired Individual N
Universal Mailbox Partnership for Older Adults N
Assistive Swimming Device Cardinal Cushing School N

The course schedule and curriculum modules are

summarized in Table Il below. Students had 5 hofirdass
time per week: a two-hour lecture and a three-talueach
week. Lecture time was focused on teamwork amcbigd
design skills: brainstorming/ideation, sketching ftesign,
materials selection, presentation skills.
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TABLE Il
SYLLABUS FOR SOLVING REAL PROBLEMS

Week Lecture Topic Lab Topic

1 No lecture —1week of class No lab ='Iveek of class

2 Introduction, User-centric design ~ Design & Bulldrdboard Chairs

3 Customer needs, Brainstorming Ideation, Meetlieat, Needs
assessment

Sketching, Drawing for Design Project ideas cdatigin

Student presentations of project Machining, Lab safety

ideas

6  Teamwork, Ethics, Scheduling

7 Estimation, Prototyping

8 Presentations to Clients

9 Materials selection, Batteries

(SN

Project work

Mockup fabrication
Part Sourcing, Protatype
Prototype fabiizat

€hes

10  No lecture — Holiday Prototype fabrication
11  Design detail finalization Prototype fabrication
12  Effective presentations Prototype fabrication
13  Presentation Practice Prototype fabrication
14  Prototype presentation to clients No lab
Specific engineering concepts such as power

transmission elements, part selection, fabricaéind design
details were taught in laboratory sections by tbaching
assistants and professors working with each tedrhese
modules were specific to each team’s project, loulct be
useful for future design projects as well. Clientetings
occurred at multiple points during the semested, stndents
were encouraged to contact their clients whendwey had
questions.
Web-based technology was incorporated throughaut th

Solving Real Problemdass. A detailed website was used to

ommunicate information about the lectures priorckass

eetings, post lecture materials and post the eayiabus.
Also, online blogs and wiki-pages were providedetach
team. Teams used the blogs to communicate infawmat
about the progress of the project to the clients aching
team, who could then offer suggestions through cemim
posted to the blog. The wiki-pages were usedg<sethinate
information within teams and were supplementedday e-
mail lists. The web pages, in addition to two +s@mester
presentations, were meant to teach students coroatigr
skills to fulfill MIT’s communications requirement.

At the end of the semester, each team was expszted

have developed a full and working mockup of theajgct to

be given to their client. Grading for the semestais as
follows:
TABLE Il
GRADING RUBRIC FORSOLVING REAL PROBLEMS
Milestone Percent

Ideation/Brainstorming
Project Ideas
Project Mockup

Progress Report
Presentation Practice

10%
10%
15%
5%
5%

Project Prototypes 25%
Design Journal 20%
Instructor Leverage 10%

Certain project milestones did not factor into ¢inading
rubric, namely peer reviews and the initial projeshking
assignment to indicate project preference.
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Il. Explore Sea, Space and Earth: Fundamentals of
Engineering Design

The Exploreclass used a bottom-up, or “fundamentals-to-bi
picture,” approach to design engineering to defigncourse
schedule. Students were introduced to the degigjeqd in
the first meeting of the course, but lectures fecusn
general engineering concepts that were not spetifiheir
projects.

This course was aimed at freshmen still undeciaed
their choice of major as of spring semester. Ashsu
engineering topics were presented in a mannercthat be
applied to Mechanical Engineering, Ocean Engingeand
Aerospace and Astronautical Engineering in ordehetp
\students decide between these three majors. direewas
offered under two departments: the Mechanical Eging
Department and The Aeronautics

and Astronautics

The lectures for thé&xplore class focused on breadth
over depth of exposure to several engineering quaceTlhe
syllabus for theExplore class is detailed below in Table Il
9t the end of the semester, lecture times were left
unscheduled in order to give students more timéalnto
build their projects. End-of-semester lectures ewvafso
planned to give students wider exposure to engimger
guest lecturers spoke about their research andrierpe in
;ocean and space exploration, as well as the etliodl
societal implications of engineering decisions. oTi5 hour
lectures were held each week, as well as a 3 labusdction.

In addition to the six hours of class time, studewere
expected to spend about three hours each week on
homework.

TABLE llI
SYLLABUS FOR EXPLORE SEA, SPACE AND EARTH

Department.

Week Lecture 1 Topic Lecture 2 Topic

The teaching team outlined learning objectives rayri
the course development. These learning objectivare as
follows:

Exploration and Engineering Fundamentals materials
principles

implications.
Effectively communicate,

engineering analysis and the design process for a

operational system.

3
Actively participate in reading and discussing the 4
Introduce, use, and calculate engineering fundaahent 3

Propose and evaluate engineering designs for human
operated robotic designs and understand societall0

11
research and documenti2

1  Course Introduction Intro to ME/OE & Aero/Astro,
Sketching
2 Equations of Motion Momentum, Energy & Power
No Lecture - Holiday Structures |
Lift, Drag & Propulsion | Structures Il

5 Linkages & Bearings
Mechanical Elements - Gears
Systems Engineering

No Lecture — Lab Time

No Lecture — Lab Time

Lift, Drag & Propulsion Il
Mechatronic Eleméndsors
Team Progress Reports
No Lecture — Lab Time
Ethics, Societal Impact of
Engineering
No lecture — Holiday Space Exploration Guesttluec
Ocean Exploration Guest Lecture No Lecture —Tiate
No Lecture — Lab Time No Lecture — Lab Time
Final Design Competition No Lecture — PreseataRractice
Final Team Presentations End of Semester

8

h3
14

Frame and resolve ill-defined problems, and desiggh
operate a robotic vehicle for exploration.

Participate as a contributing member of an enginger
team comprised of 4-6 students.

The project was chosen by the teaching team todostst
freshmen and to have elements that were applicable
exploring sea, space and earth. Students workezhins of
three to four in order to design and build undeewaémote
operated vehicles. At the end of the semester,RO&'s
participated in a competition to gather materiala depth of
15 feet. Each team was allowed a total of 6 motore
specifically meant for use as a back up incaseibfre. The
competition setup can be seen in Figure 1, whereobject
depicted will be submerged at the bottom of a 1pdbl.

o
e
r
Lete
>

FIGURE 1
UNDERWATERLOCATION OFMATERIALS FORRETRIEVAL FORROVS
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Labs provided students work time for their projasith
a teaching assistant and also were a weekly opptyrtto
receive feedback from peers and instructors oneptoj
design. Software tutorials on website design aolids
modeling were also provided during lab time. Lapits are
summarized in Table IV.

TABLE IV
WEEKLY LAB TOPICS FOREXPLORE SEA, SPACE AND EARTH

Week Lab Topic

1  Lab Safety, Writing & Communications
2 Solidworks & Website Building
3 Machining Exercises & Practice, Brainstorming
4 Machining Processes, Play with Materials in Kits
5 Machining, Peer Review
6  Peer Review on Solid Model of Concepts
7  Continue Machining
8 Project Work Time, Design Notebook Review
9  Project Work Time
10  Project Work Time
11  Project Work Time
12 Wet Test Week
13 Build, Test, Build
14  No Lab
Web-based technology was used to disseminate

information in theExploreclass. A course webpage hosted
on MIT’s standard course management system was tased
post the syllabus, lecture materials and readimgsddition,
each student was expected to prepare a web-bastdlipo
of their design process chronicling the design essdy the
end of the semester.
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Rather than using the web-based technology tdlftiié
communications requirement, thexplore class requires a
design paper of the students midway through theestan
This design paper was on a topic of the studertosing,
and factored into the semester grades. Gradingttfer
course is summarized in Table V.

TABLE V
GRADING RUBRIC FOREXPLORE SEA, SPACE AND EARTH
Peer Review 5% Project — breakdown as follows:
Participation 5% Does it Work 15%

Weekly Design 15% Design Review #1 10%
Notebook Review

Research Paper 10%
Final Design Notebook 15%

Total 50%

Design Review #2 10%
Final Design Portfolio 15%

Total 50%

STUDENT EXPERIENCE

This section qualitatively describes student ineahent in

Solving Real Problemand Explore Sea, Space and Earth

over the course of the semester.
I. Solving Real Problems

Thirty students pre-registered to participateSwiving Real

N
)
il

Site Visit

Proof of Concejt

1st Level Prototype

FIGURE 2
SCENES FROMSOLVING REAL PROBLEMS - COMPOSTTEAM

We found that all teams made use of the web-baleed b
sites, averaging between one and two posts a waélese

Problemsbefore the start of the semester; fourteen stsdenposts ranged in length and quality, but overall camicated

showed up to the first lecture and signed up téabofate on
the projects; thirteen students remained in thessoat the
end of the semester. Though the initial drop afythpre-
registered students to fourteen attending the leiture, this
is not atypical of MIT's course registration systemhere
students often oversubscribe to too many coursesttzen
unsubscribe in the first week of class. Of thesieteen
students, six were male, and seven were female.o T
professors, four teaching assistants, two instradimm the
Writing and Humanistic Studies Program and a caoatir
from the Public Service Center worked with the stud on
this course, creating a 1.4 : 1 student-instrucito.

Professors and teaching assistants attended alirdec
and lab meetings. In addition in class time, shislevere
expected to spend about four hours on averagedeuts
lecture preparing for class and working on theojgcts. At
the student teams’ request, teaching assistanpsofessors
would be present for these meetings.

Project selection and work began in the second wéek
classes. After the presentations of each desigjegiroption
in the first lecture, each student listed thregquts that they
would like to work on during the semester. Studemére
assigned projects based on preference. Thirteethef
fourteen were assigned one of their top three Betex The
three projects selected were a composting systenthto
Boston Food Project, a concrete mixer for Maya Redtal a
reading device for the Partnership for Older Adults

the status of their design projects well. The teeki-pages
were used much less, with only one team postinghéir
wiki-page during the semester. However, e-maik lisere
very active and integral to team communicationwali as
student-instructor communication.

Il. Explore Sea, Space and Earth: Fundamentals of

wEngineering Design

Twenty seven students pre-registered to tBkplore Sea,
Space and Earthbefore the beginning of the semester,
twenty one showed up for the first lecture and s&a&n
students stayed enrolled throughout the semesgainAthe
initial drop of twenty seven pre-registered studdnttwenty
one attending the first lecture is not atypicaMif’s course
registration system. Eight of the seventeen stisdémat
remained throughout the semester were female aredwere
male. Every student that completed Ehgloreclass was in
their first year. Most listed their prospectivejara as either
Mechanical Engineering or Aeronautics and Astroicaut
with a few interested in Ocean Engineering. Faofgssors,
three teaching assistants, an instructor from thiginy and
Humanistic Studies worked with student in Eploreclass,
creating a student-teacher ratio of 2.1 : 1.

Teaching assistants were responsible for oversesidg
leading lab sections, while professors shared respiity
for lectures. The total nhumber of lectures eacbfgmsor
taught ranged from two to five. Given that thectdag

Teams for each project varied in number and yefrs assistants saw students consistently each weekgdiab

experience of student members. The compost tearihen
concrete team consisted of six and five studemsisectively.
The reading device consisted of three studentaligit but

only two students by the end of the semester.stiilflents in
this class were in their first year of studies gtdsvo, who
were in their third year. Both third year studentse on the
compost team. Scenes from the compost team’s semaes
shown in Figure 2.
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section, they may have been the most continuousopaine
course for the students. Professors would often nmt
always attend each other’s lectures giving the fiené
additional face-to-face time with the students.

Midway through the semester lecture times were Imost
left unscheduled in order to offer more working gino
students in the lab to work on the physical buifdtleeir
projects. The three lectures after this break welso
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considerably less technical than those before tkakband
intended to broaden student’'s consideration of rexeging.
Guest lecturers and panelists were the centeresfetithree
lectures, students were encouraged to ask questibost
their experience and opinions. We found that stitide
consideration of the issues at hand in these lestwas
thoughtful and insightful.

be particularly true for freshmen in comparisomtorking
with older and more experienced students.

Second, it is important that students participating
service learning have direct contact with the ¢8en order
to see the real benefit of their work. The compeam and
the lighting device team had this and thus couldston and
plan for their work’s use in the real world. Thencrete

Students’ experiences on the project were largelyeam’s direct contact with their client was limitethey

positive. Students worked in teams of three or fawrder
to design their underwater ROVs, collaborating both
design, building and presentations throughout #raester.
A solid model of a preliminary design and the csp@nding
physical build are shown in Figure 3.

Photo Credits: N. Pennycookd
FIGURE 3
ONE TEAM’ SDESIGN AND IMPLEMENTATION OF THEUNDERWATERROV

Teams were mixed in gender and machining experien
level. Students kept individual design notebodiet twere
used to keep notes and ideas for designs for tREVs.
Each week, teaching assistants reviewed the noksbaod
wrote feedback in the notebooks for the studenthese
notebooks were valuable to the compilation eaclesttis
design portfolio at the end of the semester.

RECOMMENDATIONS AND L ESSONSL EARNED

instead worked with a mentor experienced in desgm
project similar to their own. This impacted thesetved
motivation level of the concrete team during theaster.

Third, we noticed that the team that included the t
upperclassmen was more productive and better argdni
than the other two teams. Though this may be @ltrekthe
combination of personalities on the team, we beligvat
having older students on each team would resudt better
learning experience for the freshmen. These ditledents
helped the team feel more confident in their decishaking
and also offered solutions in the building procsih which
the freshmen were not familiar.

Il. Explore Sea, Space and Earth

As for the evaluation oExplore Sea, Space and Earth
we have been able to pull a few observations from
preliminary reviews of student’s reflections on twurse in
their online portfolios. For one, students seerstagtled by
Cthe amount of material covered and the speed dcdrege in
the first few weeks of the semester. However, las
students became more involved with their desigfeptand
gained experience applying the theoretical matetal
practical design problems, reservations about twule
material lessened.

It is likely that in the second year of thplore class,
the Systems Engineering lecture would be removedha
abstraction of the conceptual material coveredis lecture
made it less informative and less useful than thero

—

Over the semester, we have collected lessons fram oengineering lectures. Also related to course cdntére

experiences offering these courses. One commaories
from both classes is that the small course sizek law
student-teacher ratios may make it difficult to eoffthis
course in a sustainable manner. Given that thecalum
for these courses were originally developed fortap40
students, it may be possible to offer them on gelascale.
Otherwise, the professors have discussed offeratgcted
lectures conjoint with the other new project-baséabses.

general engineering lectures at the end of the siemalso
enabled students to become more familiar with otineas of
engineering that they may not be interested inystgdfull-
time but still have an interest in. We found tha end of
semester lectures were highly valued by the stedefhhese
lectures came in the two weeks before students thad
declare their majors, and many cited this courséedging
them make decisions about choice of major in tbaiine

This would create a larger community of freshmenportfolios.

participating in the project-based courses. Edfaawards
this are already happening this year; a festivéglrating
and showcasing the projects developed by freshmentbe
course of this year happened at the end of thengpri
semester.

I. Solving Real Problems

Through the evaluation dBolving Real Problemsve
noticed three key lessons.

First, when professors and students are working on

teams together it is important that students comtito feel
ownership of the project. In this sense, we mdtlats to
have instructors fill a mentor role and act as beoteam
member, rather than purely as an instructor. Pphisved to

Coimbra, Portugal
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SUMMARY

Solving Real Problemand Explore Sea, Space and Earth:
Fundamental of Engineering Desigoourses provided
students with the opportunity to learn and applpjesci-
specific knowledge before in depth study of theariat that
would follow declaration of a major. We found thes
experiences to be crucial to freshmen at MIT tghékir
decision of undergraduate field of study.

Furthermore, the projects developed by studenta/stio
that freshmen are capable of building useful antttional
products despite their limited experience with desi
engineering. These projects inspired studentsake tan
active role in their learning through researchatd®, design
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and implementation.
experiences in the application of engineering thewovide
a context for students when continuing with theigieeering
studies. We also believe that the applicationrafireering
theory helps ignite a passion in the studentsdaatcontinue
through the theoretical classes taken during tmithomore
through senior years. Though the initial enrolltnemmbers
are low, we hope to see growth in student enroltrasrthese
classes become well established and better
throughout campus.

Solving Real Problemand Explore Sea, Space and [1]
Earth: Fundamentals of Engineering Desigaguired a large

amount of resources, both in instructor time asl vasl
finances to support material costs and machine.tiie
hope that there are economies of scale when offd¢hiase
and similar courses to larger
Regardless, we believe that the student experiesees in
these two classes are worth the inputs necessary.

Coimbra, Portugal

known

numbers of studentgg)

We hope that these projectd an
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