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Abstract — This paper discusses the importance of an
engineering  systems approach to international
bioengineering education and how a new educational
research program, the MIT-Portugal Program
Bioengineering Systems focus area, aims to develop
future global bioengineering leaders. The program,
comprising both post-graduate advanced studies and
doctoral programs, commences in September 2007.
Several other international-collaborative educatioal and
research programs—such as the Cambridge-MIT
Institute, the Singapore MIT Alliance, and the
Socrates/Erasmus “Erasmus Programme”—offer lessons
learned in international collaboration. The MPP
Bioengineering Systems program differs from these
programs in several respects. The unique collaborain in
MPP offers an engineering systems approach, a joint
degree offered by three Portuguese universities,nd
collaborative teaching and research efforts betweeMIT
and Portuguese faculty and students.

Index Terms— MIT-Portugal, Bioengineering Education,
International Education Programs, Engineering 3yste
Education

INTRODUCTION

This paper describes the educational goals, phplogo
and structure of the MIT-Portugal
bioengineering systems focus area, which we hoplebwi
one model for successful international multi-unsigr
programs. As points of reference, this paper atsopares
and contrasts the MPP bioengineering systems progii¢h
several other
programs, such as the Singapore-MIT Alliance,
program.

BRIEF OVERVIEW OF THE MIT-P ORTUGAL PROGRAM

The MIT-Portugal Program (MPP)
collaboration between Portuguese universities, arese
laboratories, and industry with the Massachusegttute of
Technology (MIT). It is funded by the Portugal Mitriy of
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Program’'s (MPP)

university collaborative and exchange
the
Cambridge-MIT Initiative, and the European ERASMUS

is a five-year

Science, Technology and Higher Education. The g
overall theme is large-scale complex engineerinstesys.
Based on initial education and research assessnidiits
and Portugal representatives selected five progfacns
areas: (1) sustainable energy systems, (2) traradmor
systems, (3) engineering design/advanced manufagiu#)
bioengineering systems, and (5) the cross-cuttirep af
engineering systems. This paper details only
bioengineering systems focus area.

The Portuguese government's objectives for the
program are to enhance Portuguese universitieselaev
human  resources, generate knowledge, promote
internationalization, foster university-industrylatonships,
and promote economic development. MPP is currently
MIT's largest program in Europe [1]. The program
description is as follows:

the

The Portuguese Government, through the Ministry of
Science, Technology and Higher Education, entartal i

a long-term collaboration with the Massachusetts
Institute of Technology (MIT) focusing on basic
research and education. The objectives, framework a
structure of the collaboration were developed dgrm

five month assessment study conducted by MIT betwee
February and July 2006, which concluded that the
excellence of the research identified in Portuguese
research centers throughout the assessment exercise
recommends that MIT foster collaborations with
Portuguese institutions. Also, the study acknowdsdg
that the commitment of the Portuguese Government in
strengthening science and technology and in pramgoti
international collaborations in higher education caim
science and technology is making Portugal an
interesting place for doing research and a relevant
partner for future collaborations in the emerging
knowledge-based, globalized economy.

The Portuguese Government intends to strengthen the
country’s knowledge base at an international level
through a strategic investment in people, knowlealyd
ideas and the MIT-Portugal Program has been designe
together with other international partnerships with
renowned research and education institutions woidw

3 Joaquim M.S. Cabral, Institute for Biotechnol@md Bioengineering, Centre for Biological and CheahEngineering, Instituto Superior Técnico,

joaguim.cabral@ist.utl.pt

4 Manuel Mota, Institute for Biotechnology and Bigineering, Centre for Biological and Chemical Eregiring, Universidade do Minho,

mmota@reitoria.uminho.pt

® Manuel Nunes da Ponte, Instituto de Tecnologiar@uai e Bioldgica, Universidade Nova de Lisboa, mop@t.unl.pt

Coimbra, Portugal

September 3 — 7, 2007

International Conference on Engineering Education 4CEE 2007



to contribute adequate funding to support

theand opportunities; create a new generation of lgjmeering

development of basic research and education and tteaders in Portugal; create new knowledge; andréanpte

foster a set of new and diversified
partnerships. It should also be noted that the gaal
the overall operation include launching and promgti
new research-based consortia at a national level te

institutional industrial, health-care, and environmental biotedthgy

education and research that make possible newustarand
that implement new models of interaction between
universities, enterprises, government, and soc[&i{4].

MIT-Portugal Program contributes for this effort by The three lead Portuguese universities for thergjimeering

involving 10 schools of higher education and 7edédht
universities, together with a large number of resba

systems area are Instituto Superior Técnico (IST),
Universidade Nova de Lisboa (Nova), and Universiddd

centres and Associated Laboratories, as well ageSta Minho (Minho). Other participating institutionsdiude the

Laboratories [2].

Center for Neuroscience and Cell Biology (CNC),
Universidade de Coimbra, Instituto Gulbenkian denCia,

We now discuss the MPP bioengineering systems focudniversidade do Algarve, and the Universidade dotd?o

area. The objectives of the bioengineering systeragram
are to promote new inter-institutional post-graduaéining

Figure 1 provides an overview of the MPP Bioengiimeg
Systems program.

Ed ucation Core modules (required)
* Introduction to Technical Innovation
Egngjtlj: »| Advanced Studies Course (1 yr) »| - Bioprocess Engineering
studentsfyr

l 5-10 students

PhD Program

(additional 3-4 years) = Neuroscience

[y

Innovation-Teams Project

+ Computational Biosystems Science & Enginesring
» Cell & Tissue Engineering
Developed Elective Modules (choose 2)

» Nanobiotechnology and Biomaterials

+ Biomedical Devices and Technologies
= Principles and Practice of Drug Development
¥ Possible Future Elective Modules ?

» Strategic Decision Making in the Biomedical Business

= Maolecular & Cell Therapies and Translational Medicine f

Courses

Research
= Bioengineering Systems:
Innovation, Management and
Policy
» Bioprocess Engineering
+Stem Cell Engineering
» Computational Biosystems

*Biomedical Devices and
Technolegies

» Nanobiotech, Materials, and
’/ Synthetic Biclogy

* Functional Genomics and Bicinformatics /

Doctoral Seminar Courses /
» Bioengineering Systems: ldea to Innovation t

* Research Mathods in the Social Sciences

FIGURE 1: EDUCATION AND RESEARCH OVERVIEW OF THEMIT PORTUGAL PROGRAM BIOENGINEERING SYSTEMS COLLABORATION[3][4]

AN ENGINEERING SYSTEMS APPROACH TO
BIOENGINEERING IN PORTUGAL

MIT’s Engineering Systems Division (ESD) serves astoday’s

the lead MIT entity for the MPP. A brief discussiohMIT’s

ESD is instructive because it outlines some ofkie ideas
and goals behind MPP. MIT established ESD in 1999ra
interdisciplinary unit within the school of engima®. The
division is similar to a department in its powerappoint,
promote, and tenure faculty, as well as to admit award
degrees to students. But it differs from a tradiibo
engineering department in its faculty sharing f@dlulty with

ESD appointments also have appointments in anothealisciplinary engineering approaches

department) as well as in its strong collaboratiwite other
schools at MIT, such as the School of Humanitiass,Aand
Social Sciences (HASS), the Sloan School of Manageém
the School of Science, and the School of Architectand

Coimbra, Portugal

Planning. In other words, ESD cuts across departahand
school boundaries [5].

ESD grew out of the realization that traditional
engineering approaches were inadequate for dealitiy
large, complex engineering systems (ES),
specifically the socio-technical global challengbst the
world faces. Engineering leaders of the future mist
educated in technical, political, economic and alotiethods
to solve these global challenges. Examples of ERude
automotive plants, aircraft manufacturing, computer
operating systems, power generation systems, chesar
and air infrastructure and systems. ESD distingresgS
from traditional engineering approaches and otheidtim
(e.g., opeamatio
research) by its holistic way of thinking about BE&hich
involves emphasizing “the behavior or structurehef whole
in contrast to its parts” [5]. This holistic view@mpasses
such issues as life-cycle perspective, systemsitactire,
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safety, sustainability, organization
feedback processes, and socio-political realifi€s.involve

and managementesearch at their home laboratory in Portugal and a

collaborating MIT research laboratories.

porous boundaries between technical systems anil the

environments, prompting ES practitioners to recogni
economic, social, and political contexts of engiirae
systems

Portugal's Secretary of State remarked that
engineering systems approach has been adoptedHér 34
that Portuguese universities emphasize “large-sspdéems
that not only have critical technological comporserbut
also...significant enterprise and socio-technica
interactions. The goal is for these new ways ofikimg to
“promote new engineering research in Europe” [6fr F
bioengineering specifically, engineering systemskihg
can help integrate this area with the other foaesas such
as advanced manufacturing and energy, since lience
developments can drive developments in these arghsice
versa. Also, engineering systems thinking will hetpbetter
understand how universities, industry, and goventnoan
beneficially work together, which is especiallytical for
biotechnology industry development.

The bioengineering profession requires a systena-le
view because jobs will involve a mixture of socsaience,
economics, and public policy. In industry, bioerggrs must

understand how their devices will be used and by,wh

which in turn requires understanding markets andiaso
factors. In government, bioengineers will contrétd public
policy and regulation, which requires them to ustird
law, social science, and economics. In startupergineers
must understand business and leadership. The myfiad
legal, ethical, societal, and political issues cunding
medical technologies means that bioengineering bell a
complex field requiring systems thinkers.

STRUCTURE OF MPP’S BIOENGINEERING SYSTEMS AREA

TABLE 1: TWO EDUCATIONAL TRACKS IN MPP BIOENGINEERNG

q

[31[4]
Advanced Studies Course| PhD Program
Year 1, 4 courses 4 courses
Alfall 2 elective courses 2 elective courses
Year 1, Research experience Research initiation &
spring i-Teams Project placement
i-Teams Project
yrears 2 | ASC repeats yearly Additional Coursework
to5 12-18 months research at
MIT
1-2 years research in Portugal

Each course module is typically an intensive twakve
module that may include a combination of lectutalss, and
seminars. Generally, courses will be co-taught Wy nd
Portuguese faculty, although in some instancesantist
learning (i.e., video lectures) may be used.

Table 2 details the MPP bioengineering course nesdul

Since two focus areas of the bioengineering systems
program are leadership development and transfer of
academic research into successful start-up compatfie
program will develop an innovation module for Pgel
based on MIT's Innovation Teams (i-Teams) framewbuk
with appropriate cultural awareness and proje@tadhne best
suited for Portugal. i-Teams is a course offeredMiy's
School of Engineering and the Sloan School of Manaant
in which teams of 4-5 graduate students “assess the
commercial feasibility” of current MIT research fcts.
The projects are typically faculty research prgdanded by
MIT's Deshpande Center, which, among other
entrepreneurial support activities, provides grdatgaculty
to pursue research projects with commercial apjina
[71[8]. During the semester, students—who may idelu
MBA and science/engineering graduate students—uéter

The bioengineering systems area comprises tw@yhat the best strategy the faculty member and hisiew

academic programs: (1) a one year Advanced St@hesse
(ASC) and (2) a doctoral PhD program. Table 1 prissthe
two educational tracks. Both programs include oear yof
intensive coursework (4 course core modules) and
additional two elective course modules. The firsaryalso
involves an Innovation Teams (i-Teams) bioengimagri
project. The final components of the first year egsearch
visits and placements. The goal is to admit ~2@estts the
first year followed by 30 students each year thiéeegyears
2-5). The ASC terminates after one year of immersichile
the PhD program continues for three to four yeafs
additional study beyond the first year. Eight to tep
students each year will be admitted to the doctpragram
after successfully completing the first year ediacel

students should take regarding the technology, sash
developing it further, licensing it, or creating start-up.

Students also participate in lectures with techgwlo
a88ntrepreneurs and venture capitalists, engage timondng

activities, and interact with entrepreneur/ventaepitalist

mentors [9]. The exact structure and curriculum foe

Portuguese i-Teams course is currently under dpuedot to

be offered for the first time in Sept. 2007.

Other parts of the bioengineering systems program
include industry participation, symposia and wordfsh
Ocommunity outreach, and linkages to other focusasare
Several Portuguese biotechnology companies have
participated in workshops and curriculum developtnand
bioengineering systems faculty have been seekinge mo

program. Students in the MPP bioengineering systemMgompanies for potential research collaborationsriafops

doctoral track will have the opportunity to be ‘tisg
students” at MIT in collaborating labs and will tgally
spend 12-18 months at MIT on their doctoral redeard an
equivalent amount of time at their home researbbriory
in Portugal. Research collaborations are plannesvesn
MIT and Portuguese faculty. These collaboration aliow

on Innovation in Bioengineering(November, 2006 and
January, 2007) have provided opportunities for M&dRilty
and biotechnology industry professionals in Portuga
interact, share ideas and provide feedback on anogr
development. A Workshop dBiomaterials and Biomedical
Devices (Jan. 2007) was held at the Univ. of Minho in

students in the MPP program to perform part of rtheinorthern Portugal to bring together speakers froadamia

Coimbra, Portugal
International Conference on Eng

and industry. Future workshops are scheduled foe 2007
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on Government, Industry and Academia relations.Cultura Cientifica e Tecnoldgica [3]. Finally, afloration
Bioengineering systems faculty are also dedicated twith other MPP program areas, especially in Inniovaand
providing outreach to young learners and have tedtdo  Medical Devices and Technologies, and MIT sociarsme

hundreds of high school students in collaboratioithw faculty have also been established [4].

Portugal’'s Ciéncia Viva of the Agéncia Nacional paa

TABLE 2: EDUCATIONAL CURRICULUM FOR THE BIOENGINEERNG COURSE MODULES [3][4]

Course Module Description Format

Core 1. Introduction to Technological Innovation Prerisite course for spring Seminars

modules semester i-Teams project. Exposeg Leadership building
students to systems thinking and | activities
offers innovation training.
Collaboration with Engineering
Design/Advanced Manufacturing
focus area.

2. Bioprocess Engineering Covers fundamentals @wrand | Lectures co-taught by
Metabolism, Enzyme kinetics and | MIT/Portuguese faculty
enzyme bioreactors, fermentation
technology, media and air
sterilization, transport phenomena,
etc.

3. Cell & Tissue Engineering Covers cell and depeient Lectures co-taught by
biology, animal cell culture, stem MIT/Portuguese faculty;
cell and tissue engineering Seminar Series with invited
fundamentals. Includes seminars ahdpeakers; Journal club
journal club.

4. Computational Biosystems Science and Engineering Covers computational biology, Lectures co-taught by
algorithms and optimization, MIT/Portuguese faculty;
bioinformatics, and other related computer modeling labs
topics.

Elective 1E. Biomedical Devices and Technologies Coversissalated to Lectures co-taught by

Courses development of hybrid human MIT/Portuguese faculty;
machine technologies for biomedicaltwo lab days; industry
applications visiting day

2E. Nanobiotechnology and Biomaterials Covers gifietrasis of Lectures co-taught by
nanotechnology and biomaterials | MIT/Portuguese faculty
applied to biomedical engineering
and bioengineering

3E. Neuroscience: Molecular to Systems Neurobiology Covers neuroscience and related | Lectures co-taught by

and Brain Diseases topics. MIT/Portuguese faculty;

possibly invited speakers
4E. Principles and Practice of Drug Development @ovhe description and critical | Distance learning course
assessments of major issues and
stages of developing a
pharmaceutical.

Singapore, creating world-class educational progrand
research initiatives in areas crucial to Singaposzonomic
growth, and foster strong academia-industry-re$earc
institute linkages [11]. Research collaborationgween
inter-university MIT, NUS, and NUT provide students the opporturtity
work on interdisciplinary, international researohs with
MPP, SMA awards certificates, masters, and doaorat
highlight some similarities and differences betwb#?P and degrees in certain focus programs. These five SMA-2
three other programs, focusing on bioengineering irprograms are (1) Advanced materials for micro- aado-
particular: the Singapore-MIT Alliance (SMA), the systems, (2) Chemical and pharmaceutical enginge(B)
Cambridge-MIT Institute (CMI), and the ERASMUS Computational and systems biology, (4) Computationa
program (“European Community Action Scheme for theengineering, and (5) Manufacturing systems andnigicligy.
Mobility of University Students”). SMA students also participate in internships hosbsd
SMA is an engineering education and researctaffiliated companies [12].

collaboration among the National University of Sipgre Of these five programs, the Computational and Syste
(NUS), Nanyang Technological University (NTU), alvidT. Biology (CSB) program and the Chemical and
It began in 1998 as phase 1 (SMA-1) and enteredePRa Pharmaceutical Engineering (CPE) program are mosely
(SMA-2) in 2005, which expanded the program [10kel related to MPP’s bioengineering systems programB CS
MPP, SMA specifically focuses on graduate educatind  admitted 10 students out of 82 applicants for 108522006
research, as well as on entrepreneurship anglear. CPE program statistics have not been relgdseda
commercialization of university research. SMA’s Igoa previous related program from SMA-1, the Molecular
include attracting and developing human capital inEngineering of Biological and Chemical Systems (MED

COMPARISON WITH OTHER UNIVERSITY COLLABORATIVE
PROGRAMS

Although comparisons with other
collaborative programs is imperfect due to diffees in
scope and goals, we nevertheless find it instractio
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program, enrolled 35 applicants out of 114 applieain
2005/2006. MPP bioengineering aims to admit ~30estts
each year [10]. The class structure of the SMA @O is
different from MPP in that they are full semeste4 (veek)
distance learning video classes taken directly frighT

language [17]. Erasmus also provides universitychizeg
staff the opportunity to teach at another Erasmiseusity
for periods of one week to six months [18]. ERASMS
therefore a very different program from MPP bothsaale
and in that it is a foreign exchange program rathan a

courses. In MPP bioengineering systems, studerite tadegree-granting program. Also, ERASMUS is opentg a

condensed two-week course modules typically cottaby
MIT and Portuguese faculty. As with MPP, SMA stuiden
have the opportunity to study at MIT for a certamount of
time, which varies depending on academic track. theo
difference between SMA and MPP bioengineering systis
the geographic scale of the program. SMA involves t

field of study, while MPP focuses on specific didicies.

In 2004/2005, 3,845 Portuguese students partiadpiate
ERASMUS. Of the 119,802 European 18 country stiglent
who participated in ERASMUS during that year, 12,61
were from engineering, 6,163 were from medical remés,
and 4,397 were from natural sciences [19]. A cotigparof

Singapore universities in the same city, while MPPthese four international programs is presentedainld 3.
bioengineering involves multiple universities anfid spread

throughout Portugal. For this reason, logisticalnping and TABLE 3: COMPARISON OF FOUR INTERNATIONAL

; ardit ; EDUCATIONAL PROGRAMS [3][4] [13] [11][12] [16]
;:Ios;\i F::s!laboratlon between Portuguese universgiesucial Program PP Cambridge- | Singapore.] ERASMUS
or S success. . . ) Bioengineering | MIT MIT
CMI was launched in July, 2000, as a new intermatio Systems Initiative Alliance

collaborative program between MIT and CambridgeDegrees | 1yr ASC MPhil MS None
University to explore how “academics, industriaisaind | awarded | PhD PhD
educathqs might work together ftoﬂstlmulate COMYeMess, =T 5wesk course | B-week Tsemester] Normal
productivity and entr_epreneurshlp _[13]- CMI hasvdk_aped curriculum | modules semesters | MIT university
new Master's of Philosophy (MPhil) degrees at Cddg® | structure | 12-week distance | classes
University, including some aimed at technology pgli semesters "’iam'”g

: H : : H f classes
bioengineering entrepreneurshlpz and sustglnablmyner Duration | 1yr ASC oz montis| 18 month | 312
programs developed under CMI include a highly sastnﬂ 4-5 yr PhD MS/SM months
undergraduate student exchange between Cambridde |an Doctorate
MIT; WebLabs, a system that allows Cambridge sttelém | Focuses | Yes Yes Yes No
perform live experiments with MIT hardware via the©°"
! . . university
internet, and the Programme on Regional Innovatidtich | i\novation

brings together faculty to work on projects thabmote

regional innovation and development in the UK. One

Grindel et al. (2006) convened scholars from eight

similarity between CMI and MPP is both programs’jnternational universities to conduct a year-lorigdg on

emphasis on commercialization of university redeafdso,
both programs integrate an Innovation framework agans
to achieve this goal [13]. However, the progranifedisince
MPP also focuses strongly on academic researcto, A&

global engineering and global engineering educatibime
team identified four common problems in internagibn
engineering programs. First, international elemamnésoften
add-ons to an existing engineering curriculum adtef a

programs may be seen as catering to different studefy|ly integrated international study program withite

segments: MPP generally caters to students entgratdyate
school, while CMI also focuses on undergraduates raial-

degree program. Second, there are often problentls wi
international mobility, such as student visas aost éssues.

career professionals, such as through its Mid-Careernird, many partnerships are not well conceiveddieg to

Enterprise Education in Technology and Science seotor
female entrepreneurs.

The ERASMUS programme was launched in 1987 and
currently involves over 150,000 European Union (EU)pecause it is an

students each year [14]. ERASMUS'’s objectives ar¢l)

isolated efforts. Fourth, most programs are nargdically
analyzed to determine effectiveness [20].

We believe MPP addresses the first three concerns
integrated international engingeri
academic program designed in close collaboratidmeésen

support the European activities of higher educationyyjtiple universities. Issues such as student ritghil

institutions, and (2) promote the mobility and exege of
their teaching staff and students [15]. Universifiarticipate

in the ERASMUS programme by applying to the Europea
Commission to be awarded an Erasmus charter. Qlyren

90% of EU universities participate in Erasmus [16].

ERASMUS lets EU students study at other Erasmus

chartered EU universities for three to twelve menthy
providing a study grant and ensuring that courselits will
count at the students’ home universities. Studenist have
completed at least one year of undergraduate studycan
be enrolled in any degree program up to and inolydhe
doctorate. Erasmus language courses are offereldostt
universities to help students learn the necessargign

Coimbra, Portugal

collaborative research projects, and long-term ianwg
sustainability are being considered and addressed.

CONCLUSION

MPP is MIT's largest program in Europe, and our
international collaboration aims to become a mguiegram
for global education and research efforts. For hjirgeering
systems, we will measure the program’s successhimet
metrics,: the level of new inter-institutional c@wation
between Portuguese institutions, the MIT faculty
participation in the implementation of educationl aesearch
post-graduate training and opportunities, and tiraber and
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quality of students in the MPP post-graduate opjmities.
The MPP bioengineering systems program brings beget
over 60 faculty from Portugal, 20 faculty from Miand 30
students each year in a new international collabkmora

Students will benefit from such a global partngushy
gaining greater exposure to other cultures (e.grofean vs.
American), being exposed to new ways of thinkingd a
having access to a larger pool of researchers dndators.
These experiences will be crucial in helping creatat the
U.S. National Academy of Engineering envisions bs t
Engineers of 2020: professionals who are “wellugided in
the basics of mathematics and science” but wit &spand
their vision of design through a solid grounding time
humanities, social sciences, and economics” in rotde
demonstrate “effective leadership in the developgneam
application of next-generation technologies to peois of
the future” [21].
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