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Students in more than 70 countries
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Up to 10,000
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Change of paradigm
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When ICTs met Higher
Education, could they just be
good friends, or something else
should have happened?

How long should we wait for
something to happen?

' ' v If eventually something
happens, what type of
relationship should we expect?

" When B
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Diversity of
students and
uniformity
facing the
syllabus
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Technology may help to
personalize higher education

We should consider that the
student is part of the quadruple
helix of education
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«The leaders of EU should recognize that high quality instruction is as medular for
universities as pioneering research. While they coincide that researchers require a wide
and long training, there is the prevalent hypothesis that great teachers are just born as
such, and that high quality education just happens: such vision causes difficulties in

education at all levels»

Mary McAleese, Ireland past-president and president of the High Level Group on Modernization of

Higher Education of the EU
(La Vanguardia, 15th February 2014)

It is usually taken for granted that a group of students sitting in an
amphitheater, in front of a professor with high expertise in the matter,
and teaching his own knowledge, is sufficient warranty for high quality

education.
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Globalization of Higher Education

Increased intensity of recruitment of students and faculty
Branch campuses

Mobilization of huge funds to create world-class universities
(by upgrading existing ones or by creating and building new
ones)

Innovative efforts by on-line universities and for-profit
institutions to fill unmet needs in higher education markets
worldwide

Relevance of rankings
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Educacion en el mundo: alqunas cifras
185 Mn people attending Universities (2.5% of the population)

3 Mn University Students included in International
mobility programmes

Education represents 4.3% of world GDP

USD Trn Worldwide Total investments

Roughly 1/3 of this figure is related

4.2 to post-high school Education
38"
0.8 :
Private
3.0
Public -
TELCO EDUCATION FOOD INFRASTRUCTURES

* Disclosed as follows: 2.7 direct investments; 1.1 induced investment
Source: McKinsey — Global forum for leaders in Education 2011
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PPP GDP per capita and tertiary enrolment ratio (2009)
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Tertiary age (18-22) population (2020, 000s)

Other shortlisted
UK, 3,679 _countries, 50,736

Iraq, 3,820

France 4 0\,

Colombia, 4,271
Thailand, 4,745
South Africa, 4,826

Kenya, 5,007

Iran, 5,523

Japan, 5,832

Turkey, 5,312
Russia, 6,570

Vietnam, 6,589
Egypt, 7,310

India, 118,864

Mexico, 10,302
Philippines, 10,559

Ethiopia, 10,816

Bangladesh, 15,490
China, 91,177

Brazil, 16,725

e sk T i Source: UN Population Division,

Pakistan, 19,482 Oxford Economics
' 2 Indenesia, 20,336  US, 21,658

| )
#{55

IELTS &) TOEFL telc
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The demand of higher education globally considered was about 100 million in 2009 and
the estimation for 2030 is about 400 million (OCDE, 2008).

In order to satisfy this demand, it would be necessary to create 2 universities for 20.000
students every day during the next 20 years.

Is it really possible to create this large number of face to face universities with public
funds?

Wake Forest University
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Figure 3.1: Estimated Per-Pupil Expenditures
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Student Services
School Operations
[ _ Technology
- Content
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Battaglino, T. B., Haldeman, M., Laurans, E. (2012). The Costs of Online Learning. In Finn, C.
E., & Fairchild, D. R.. Education Reform for the Digital Era (pp. 55-76). Thomas B.
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Figure d Labour force by level of qualification, 2000-20, EU-27+

Millions High qualification ® Medium qualification = Low qualification
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Source: Cedefop (IER estimates).
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f_,E}ahibit 2

Providers are twice as likely as employers and youth
to rate youth as prepared

Respondents who agree that graduates/new hires are
adequately prepared, %

employers’ youth? education
providers®

1 Overall, the entry-evel employees we hired in the past year have been adequately prepared by their prehire education andfor training
2 Owverall, | think | was adequately prepared for an entry-level posibon in my chosen career field
3 Owverall, graduates from my mstitution are adequately prepared for entry-level positions in their chosen field of study

Source; McKinsey survey, Aug—Sept 2012, 2013
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ONESIZE FITS ALL?
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Come gather 'round people
Wherever you roam
And admit that the waters
Around you have grown
And accept it that soon
You'll be drenched to the bone
If your time to you
Is worth savin'
Then you better start swimmin'
Or you'll sink like a stone
For the times they are a-changin'.
Come mothers and fathers
Throughout the land
And don't criticize
What you can't understand
Your sons and your daughters
Are beyond your command
Your old road is
(1964) Rapidly agin'

Please get out of the new one

If you can't lend your hand

22 For the times they are a-changin'.
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Flgure 8a. Student takes a class for personal edification

Audiences Modalities Outcomes
= Pre-College + Online onl + Personal
* Distributed kits satisfaction
= College * Local faciliies * Certificate/ Flgure 8d. Student takes a class In SPOC form while
* Through college « Local credit embedded In Institution
* Outside college o
« Professional communities * Sequence The MITx offering is online in
credential SPOC format but the local
= E train "
: nm'ﬁe ing Visit to local S classroom is flipped with a
m‘ ’m university or 5 rich hands-on element.
« Teacher MIT admission
* Individual seeking Audiences
enrichment
* pfﬁ"fﬁhﬁe Online only
. ||-d;f|mm « Distributed kits
» College * Local facilities
Flgure 81. Professional takes a class while embedded in a company [+ Through college .
C O
* Sequence
Audiences Modalities Outcomes * Professionsl communifies danttal
P * Employee training  «  yisit to local e
* Pre-Col * Online only * Personal * Personal »  MIT visit/
= Through school development university or
Distributed kits satisfaction = Teatee MIT admission
. Local facilities * Certificate/ « Individual seeking
ol credit enrichment
. communities * Sequence
Visit to local credential
university or * MIT visit/
« - Teacher MIT admission
= Individual seeking
enrichment
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Figure 28. How we have evolved: Headcount 1981 vs. 2011
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Figure 29. Looking forward: What will we look like in 20207
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Masterof Science in 2
-
BIOENGINEERING el IS
Oenaml bloanginearin
2-year program - 120 ECTS Analysis and Modelling of Lacomation 3
Biomicroscopy | 3
Fundamantals of Neursenginearing +
Materials Sclence 3
Master's thesis General bioengineering Principles and Applications of Systems Biology 3
30 ECTS /- I2ECTS  Stom Cell Blology and Technalogy a
Oriantations and options ..-....
Regenerative Medicing A
Project in Biomechanical Engineering B
human and Systems Bloengineering c
social Nanoscale bloengineering [+
sciences _
6 ECTS ———— Biophotonics and bioimaging E
i Law, Organization and Economics in LST F
Orientations Scientific Thinking a
Lab immersion -/ B m%ipélncrﬁs
or Industrial Advanced Analysis1, 11 8
internship Advanced Bisenginearing Mathods Laboratory D 4
BECTS Artificial Organs and Systoms E
Biomatarials AB 3
Biomechanics of the Cardiovascular System B 3
Biomechanics of the Musculoskeletal System B 5
Biomadical Optics 3
BioMEMS A 2
Students must choose at least 12 ECTS in one of the Blomicroscopy 11 A E 4
orientations A to E and at least 3 credits in domain F. Blomolecular Structure and Mechanics cbD 4
Biophysics 1,11 6
Students can also opt for a 30 ECTS Minor. Chemical Blolagy - Tools and Methods D 3
Minors recommended with this Master: Caomputational Mator Control B +
Data Analysis and Model Classification 4
» Biotechnology Diffraction Methods In Structural Blology D 4
+ Biomedical Technologies Dynamical Systam Theory for engineers cliE 4
» Neuroprosthetics Economics of innavation in the biomedical industry F 3
Flaxible bisalectronics 3
This program includes an 8-week compulsory internship in Fundamaontals of Blomodical imaging E 4
industry. Fundamontals of Blaphotonics E 3
Fundamentals of bissonsors and electronlc biochips D 3
Genamics and Bisinfyrmatics A c 4
Image Processing 1, 11 E 6
27 Introductian au droit et & Méthique en' STV F 3
2

Lab methods: Animal Experimentation
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Curriculum
Thet curriculum is divided into four different categories: Minimum Admission Requirements
+  Cors and Foundation - devalop a foundation in biomedical enginesring C BB I ciieaiics e a5 e
+  Depth - gain more knowledge in a particular interest area 2 .
Breadth - focus on advanced and applied mathematics solances Bom 3 vgloneilyaocrectind
Core rdits required) * GPA of 3.0 or higher in engineering or life
SCHNCe COWsas

 BIOM 570 - Bioengineering (3 cr) _
. Wm-&mn&smPMﬂw

+ BMS 300 - Principles of Human Physiology (4 cr)

* Calculus 1,2, and 3
* Ordinary Differential Equations
* Physics 1 and 2 (calculus-based prefermed)

Foundation (12 credils roguired)

BIOM 526 — Biglogical Physics (3 cr)

At least one semester of Life Science

* BIOM 531 - Materials Engineering (3 cr) (biclogy, physiology, etc.)

. %g-msﬁhwwnﬁmmm it

* = Membranes Biomedicine (3 cr,

» BIOM 573 - Structure and Function of Biomatertals (3 cr.) Completion Requirements

+ BIOM 525 - Cell/Tissue Enginesring (3 or) * A minimum of 30 semaster credits

Depth (minimum of 8 credils reguined)

CBE 430 - Process Control and Instrumentation (3 cr.)
ECE 512 - Digital Signal Processing (3 cr)
MECH 502 - Advanced/Additive Manufacturing Engineering (3 cr)

= MECH 530 - Advanced Composita Materials (3 cr)

BIOM 532 — Material Issves in Mechanical Design {3 cr)

7 credits of Core courses, 12 credits of
Foundation courses, at least 8 credits of
Depth courses, and 3 credits in the Breadth
area

24 semester credits must be earned at
Colorado State University, 21 of which must

+ BOM sez" - Sers (1 1) T O
be repeated up o 4 times at 1 cr. per semester * 24 credits earned at CSU must be at
Breadth {3 credits required) mﬁ‘;mmamdl
+ STAT 511 - Design and Data Analysis for Researchers | (4 o '
(Sm 511 - Design ysts for f4cr) intermship, or practicum credits.

STAT 512 - Design and Data Analysis for Researchers Il (4 cr)
STAA 511 = Ragrassion Models and Applications (2 cr)
STAA 552 - Generalized Regression Models (2 cr.)

« STAA 562 - Mathematical Statistics with Applications (2 cr)

STAA 572 - Nonparametric Methods (1 cr)
STAA 573 - Analysis of Time Series (2 ¢r.)
BIOM 592* — Seminar (1 ¢r)
*Can be repeated up to 4 times at 1 ¢r. per semester

15 cradits of biomedical engineering (BIOM)
COUrses

Your program of study must be approved
by an advisor prior 1o completing 15 credits
toward the degree.

T i g

Contact our Student Success Team
to get started|

& (970) 492-4898
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Partnership Grant) and the Center for Genomic and Phenomic Studies in Autism (MEH). We rank in the top
ther of all 1.5. BME departments in terms of research funding per faculity.

Our undergraduate program, which began in 1974, is among the most established in the world and offers
grocialined optiond that smphidise bischemical snginedring, slectrical srginesricg And mechanical

enginsaring. Year after yoar, the students in ouf frithman cliis hive proven to be Among the Deat &t UST,
with SwEvags SAT scofes That Are consistantly Migher tham thi sverags SAT scores of all USC freahmen, Our
departmsent slgo claims o large share of 8l Trustes and Presidential Scholarships mwarded 1o the brightest
freshmen entering USC. Upon graduation, our students penerally contirue with post-bacalsureate training
in meedical, dentsl or graduate schood, or take on jobs in some of the thousands of blomesdical companles
located in Sowthenn California.

‘W thank you For taking the time Lo visit cur site, and we certainly ook forward 1o seeing you at USC,

COMTACT

Please contact our office for all general
questions about graduate engineering degree
programs ardd professional programs ard
Ry,

k
[ ‘ Phone: 7i3-140-4488
Michasl C.K. Khoo, FH.D. Toll Free (in the WS): By7-0-1336
Professor of Biomedical Enginoering and Pediatrics Coetset Us
Ingerim Chair

Master's Program Application Deadlings

FALL = Jaruary 15 SPFRING - Seprember 15
Biomedical Engineering 1 - Thig lcon indicates that a degree is
Degree Offerings available online wia DEN
Master's Degrees
£ Biomedicsl Enginggring Huroarginnering
) _— | ) ) i b
Informatics
Careers

To view where some of our talented Biomedical Enginesring alumnd are curently woekding, click bere.
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ABOUT CURRICULLM FACLLTY

AT A GLANCE

® 27 Credits
& J00% Onlng

® State-of-the-art tocls and
technalogy

® 2 Starts per Year
& Wipdid-renoveniad Facuity

# Ranked Top-15 Graduate
Departrment by LLS Mews
& Wordkd Reporr”

“BEGT

Blomedical engineering |s one of the fastest growing professions today, The
Bureau of Labor Statistics forecasts a 62-percent growth in biomedical
engineering jobs from 2010 to 2020.*

Founded in 1568 as one of the first biomedical engineering programs in the
world, the Case Western Reserve University Department of Biomedical
Engineering has established highly successful and comprehensive graduate
programs in research and education. The department consistently remans a
top-ranked biomedical engineering program for graduate studies according to
LS, Mews and World Report.

The department continues to evolve to match the recent accelerated pace of
biomiedical enginesring developments. As a joint pregram in the Case School of
Engineering and the Case Western Reserve University School of Medicine, aur
cutting-edge research spans a wide range of new interdisciplinary engineering
discaveries and biomedical applcations. The department is associated with
more than 20 research centers and mone than $41.7 million in current

grants. Our research and education programs are strongly integrated with industry thraugh job opportunities for
graduates, sponsored research and industrial training activities.

Learn more about our on-campus programs.
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Should on-line learning try to mimic face-to-face education?

Since excellent lectures are accessible on-line, should we expect a
disintermediation process in higher education?

In case that the present intermediation role of university teachers or
professors looses its meaning, what will be the future role of most of

them?

What is the education model that should be adequate for the new
cohorts of students entering university
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On-line learning, favored by technology incorporation into pedagogy, is
becoming well established, even in present face-to-face universities.
These changes will introduce modifications in present academic
profiles (“disintermediation™).

Students will need to be educated and trained to work in professions
that do not exist when they are still in college.

Education will have to be considered from the point of view and needs
of the student (demand) and not from the point of view and availability
of the university (offer).

Future specific modular courses may become training/learning services
offered through internet by providers that do not need to be
universities.
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History of Biomaterials

First Generation Biomaterials: materials used industrially in
other applications that are requested to be inert in the
human body environment. “Biocompatibility” tests.

Second Generation Biomaterials: designed to be bioactive
and resorbable.

Third Generation Biomaterials: by combining these two
properties, they are being designed to stimulate specific
cellular responses at the molecular level in order to help the
body to heal itself.
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XXth Century: Development of the most
relevant materials for medical applications

Metals and alloys: Stainless steels
Cobalt-chrome alloys

Titanium and titanium alloys
Other: magnesium, tantalum, niobium

Ceramics: Technological ceramics (alumina and zirconia)
Calcium phosphates
Polymers: Synthetic origin, derived from mineral oll

Advances in processing and manufacturing technologies
New composites

Most of XXth Century: Biomaterials were selected among existing
materials for other industrial applications
exhibiting the specific properties of being as inert
as possible in order to be as harmless as possible
upon implantation
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Biomaterials were mainly
oriented to permanent

o e momomeeeJimplants, and consisted in

iInert biomaterials that at
present are considered
as first generation
biomaterials
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e Bohner, M., Mater. Today 2010, 13; 24-30

HighTech Filand. Tampere University
of Technology. www.tut.fi

National research council of Canada.
WWWw.nrc-cnrc.gc.ca

In the late 80's and early 90’s hydroxyapatite and in general calcium
phosphates (including glasses) in bulk, granules or coatings, as well as
biodegradable polymers, were central in biomaterials research. Bioactive and
biodegradable biomaterials constitute the second generation according to L.
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Chu, P.K., Surf. and Coat. Tech., 2007

The focus on surfaces becomes
progressively more relevant and
this leads the way towards what is
commonly understood as third
generation biomaterials.

Rao, S.S. and Winter J.O., Front. Neuroeng., 2009
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New knowledge on
biochemical and physical
signaling and
nanotechnology have
become two major players
in the field
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Regenerative medicine: Biomaterials and Biology at the interface

Evolution of biomaterials Phases of stem cell
approaches niche activation
Inert
Initiation
Conductive
Proliferation
Inductive Trafficking
H"ﬂﬂwutf HWllh ﬁ
transplanted cells  transplanted cells Maturation -....,---'“,|lh

i
% N L
Programmable Functional v i

Activation

Instructive material Target Cells

Instructive Materials as
a factor to program
stem cells R En—

A=

Stem Cell niche
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Biology feedback to biomaterials

fabrication

Biomaterials

fabrication

(structure, porosity,
i

Microenvironment
(soluble signals,
ECM properties,
pH,
degradation,...)
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Biomaterial Science and Technology is a real interdisciplinary field

The inputs of computer modelling, macromolecular chemistry, free
form fabrication methods and molecular and cellular biology produce
an impressive boost to the field

But the change of paradigm comes with the concept of Tissue
Engineering and later Regenerative Medicine. The increasing
knowledge and control on stem cells opens a whole new future and
demands on biomaterials.

The new demands may range from those requested in drug or gene
delivery to those simulating the extra cellular matrix for scaffolds in

tissue engineering or regenerative medicine. (i.e. On the nature of biomaterials, D.
F. Williams, Biomaterials, 2009).
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