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PERSPECTIVEPERSPECTIVE
E i i i th 20th t b d h i• Engineering in the 20th century was based on physics, 
chemistry, and electronics, and largely focused on 
energy transportation communication and defenseenergy, transportation, communication, and defense.

• In the 21st century engineering will additionally be• In the 21st century, engineering will additionally be 
based on life science and information science, and 
must increasingly focus on the environment, g y ,
sustainability, and new approaches to energy. 

Apr 26, 2007
Charles M Vest President-electCharles M. Vest, President-elect
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20th Century Beginning20 Century Beginning

Ellis Island
New York
USA
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Great Engineering Achievements g g
of the 20th Century

1 Electrification1. Electrification
2. Automobile
3 Airplane

11. Highways
12. Spacecraft
13 I t t3. Airplane

4. Water Supply and 
Distribution

13. Internet
14. Imaging
15 Household Appliances

5. Electronics
6. Radio and Television

15. Household Appliances
16. Health Technologies
17 Petroleum and

7. Agricultural 
Mechanization

8 C t

17. Petroleum and
Petrochemical 
Technologies

8. Computers
9. Telephone
10 Air Conditioning

18. Laser and Fiber Optics
19. Nuclear Technologies

10. Air Conditioning
and Refrigeration

20. High-performance 
Materials29 Apr 08 DM Litynski 5



Electron paths in a nanowire, including 
imperfections in the wire.

Credit: Eric J. Heller, Harvard UniversityCredit: Eric J. Heller, Harvard University

29 Apr 08
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The 21st Century EnvironmentThe 21 Century Environment

The World Is Flat
A Brief History of the 21st CenturyA Brief History of the 21st Century

By
Thomas L. Friedman

New York 2005
7

New York 2005



National Science Foundation

Division of Science Resources Statistics

Science and Engineering Statistics
National Science Foundation
Division of Science Resources StatisticsDivision of Science Resources Statistics
www.nsf.gov/statistics

Some Trends in the Global S&T Labor 
Force
Mark Regets

t @ fmregets@nsf.gov
703-292-7813
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Grand Challenges forGrand Challenges for 
Engineering in the 21st CenturyEngineering in the 21 Century

1. Make solar energy 
economical

8. Engineer better medicines
9 R i th b ieconomical

2. Provide energy from fusion
3. Develop carbon sequestration 

9. Reverse-engineer the brain
10. Prevent nuclear terror
11. Secure cyberspacep q

methods
4. Manage the nitrogen cycle
5 P id t l t

11. Secure cyberspace
12. Enhance virtual reality
13. Advance personalized 

5. Provide access to clean water
6. Restore and improve urban 

infrastructure

learning
14. Engineer the tools of scientific 

discoverydiscovery
7. Advance health informatics

DM Litynski 929 Apr 08



Make solar energy economicalMake solar energy economical

• Sun power striking 
earth > 10,000 times 
current commercial 
power

• Current solar powerCurrent solar power 
generation < 1 % 
total energy

NAE website

total energy 
consumption

DM Litynski 1029 Apr 08



Provide energy from fusionProvide energy from fusion
• Oceans could 

provide the world’s 
current energy 
needs for billions of 
years.

• EngineeringEngineering 
challenges in 
materials,

NAE website

materials, 
magnetics, vacuum 
systems.systems.

DM Litynski 1129 Apr 08



Provide access to clean waterProvide access to clean water

• About 1 in 6
people today p p y
without adequate 
waterwater

• Desalination, nano-Desalination, nano
osmosis, recycling, 
distillation,

NAE website

distillation, 
efficiency

DM Litynski 1229 Apr 08



Reverse engineer the brainReverse-engineer the brain

• Intersection of 
neuroscience and 
engineering

• Complex, ArtificialComplex, Artificial 
intelligence, medical 
applications

NAE website

applications
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Advance personalized 
learning

• Based on learning 
styles, speeds, and 
interests to make 
learning more 
reliable

• Active learning,Active learning, 
web-based, 
modular, intelligent

NAE website

modular, intelligent 
agents

DM Litynski 1429 Apr 08



Develop carbon 
sequestration methods

• Engineers 
seeking ways to g y
capture & store 
excess CO2excess CO2.

• Fossil fuels• Fossil fuels 
provide 85% 
c rrent energ

NAE website

current energy 
and release CO2.

DM Litynski 1529 Apr 08



Restore and improve urban 
infrastructure

• Create more 
sustainable urban 
environments

• ImproveImprove 
transportation, 
energy, water, and

NAE website

energy, water, and 
waste systems

29 Apr 08 DM Litynski 16



Engineer the tools of 
scientific discovery

• Engineers design 
tools, instruments, 
and systems to 
acquire new 
knowledge.

• Imaging,Imaging, 
observation, 
detection, transport

NAE website

detection, transport

DM Litynski 1729 Apr 08



Advance health informaticsAdvance health informatics

• Systematic 
approach to pp
health informatics

• Integrate local,Integrate local, 
regional, national, 
and global health

NAE website

and global health 
informatics 
networksnetworks

DM Litynski 1829 Apr 08



Prevent nuclear terrorPrevent nuclear terror

• Nuclear material 
security, tracking, y, g,
and detection

• Neutralize devices, 
emergencyemergency 
response, cleanup, 
information and

NAE website

information and 
communication 
systemssystems

DM Litynski 1929 Apr 08



Engineer better medicinesEngineer better medicines
• New systems for 

genetics, detection, 
drug assessment, 
and vaccine delivery

• DNA analysis,DNA analysis, 
personalized 
medicine

NAE website

medicine

DM Litynski 2029 Apr 08



Enhance virtual realityEnhance virtual reality

• Powerful tools for 
industrial design g
and treating 
patientspatients

• Education and• Education and 
training for high 
cost/ high risk

NAE website

cost/ high risk 
practitioners

DM Litynski 2129 Apr 08



Manage the nitrogen cycleManage the nitrogen cycle
• Restore balance 

with better 
fertilization 
technology and 
waste recycling

• Increase• Increase 
efficiency and 
red ce emissions

NAE website

reduce emissions

DM Litynski 2229 Apr 08



Secure cyberspaceSecure cyberspace

• Banking, physical 
infrastructure, ,
personal identity, 
national securitynational security

• Secure software,Secure software, 
data flow security, 
detection and

NAE website

detection and 
countermeasures

DM Litynski 2329 Apr 08



How do we meet the Grand ChallengesHow do we meet the Grand Challenges 
for Engineering in the 21st Century?g g y

1. Make solar energy 
economical

8. Engineer better medicines
9 R i th b ieconomical

2. Provide energy from fusion
3. Develop carbon sequestration 

9. Reverse-engineer the brain
10. Prevent nuclear terror
11. Secure cyberspacep q

methods
4. Manage the nitrogen cycle
5 P id t l t

11. Secure cyberspace
12. Enhance virtual reality
13. Advance personalized 

5. Provide access to clean water
6. Restore and improve urban 

infrastructure

learning
14. Engineer the tools of scientific 

discoverydiscovery
7. Advance health informatics

DM Litynski 2429 Apr 08



PERSPECTIVE
• To lead in the knowledge age, we need knowledgeable 

people – men and women who have vision, deeppeople men and women who have vision, deep 
understanding of engineering, and the ability to 
participate in the system that translates innovative new 
ideas and technologies into new products, processes, 
and services.

• We must develop engineering leaders to drive 
t f ti t h l i l d d t ttransformative technological advances, and to turn 
globalization from a threat to an opportunity.

Apr 26, 2007
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EDUCATIONEDUCATION
TEACHING & LEARNINGTEACHING & LEARNING

• Fundamental human activityFundamental human activity
• Universal experience yet unique

Formal & informal• Formal & informal
• Lifelong learning
• STEM – Science, Technology, 

Engineering, & Mathematics  
26



Typical Classroom 5000 Years Ago

27



T i lTypical 
Classroom 

TodayToday

28



Model of 
St d tStudent 
Learning

?
C. Singh Aug 05
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Model of LearningModel of Learning
Student's knowledge state Performance

Si
Pi

Pre-test, interviews

Instruction Assessment

PfSf
Post-test, interviews

G l f i t ti G id t d t f S S• Goal of instruction: Guide students from Si -> Sf

• Sf depends on Si and instructional design

30

f p i g
C. Singh Aug 05



WHICH MODELSWHICH MODELS 
OF EDUCATIONOF EDUCATION 

DO WE CHOOSE?DO WE CHOOSE?

31



National Research CouncilNational Research Council
• How People Learn: Brain, mind, experience, and school. (HPL; 

John D. Bransford, Ann L. Brown, & Rodney R. Cocking, editors 
1999), Washington, DC: National Academy Press.

• How People Learn: Brain, mind, experience, and school: 
Expanded Edition. (John D. Bransford, Ann L. Brown, & Rodney R. 
Cocking, editors, 2000), Washington, DC: National Academy Press.
Knowing What Students Know: The Science and Design of• Knowing What Students Know: The Science and Design of 
Educational Assessment. (Pellegrino, Naomi Chudowsky, and 
Robert Glaser editors, 2001), Washington, DC: National Academy 
Press.

• How Students Learn: History, Mathematics, and Science in the 
Classroom. (M. Suzanne Donovan and John D. Bransford, Ann L. 
Brown, & Rodney R. Cocking, editors, 2005), Washington, DC: The 
N ti l A d i P

32
National Academies Press.



Key FindingsKey Findings
(NRC How People Learn)

• Students come to the classroom with preconceptionsp p
– about how the world works. 
– If their initial understanding is not engaged, they may fail to grasp the 

new concepts and information that are taught, or 
– they may learn them for purposes for a test but revert to their 

preconceptions outside the classroom.
• To develop competence in an area of inquiry, students must: 

h d f d ti f f t l k l d– have a deep foundation of factual knowledge, 
– understand facts and ideas in the context of a conceptual framework, 

and 
– organize knowledge in ways that facilitate retrieval and applicationorganize knowledge in ways that facilitate retrieval and application.

• A “meta-cognitive” approach to instruction can help students
– learn to take control of their own learning
– by defining learning goals

33

by defining learning goals
– and monitoring their progress in achieving them.



What does “understanding” mean?
• Bloom’s taxonomy: levels of cognitive achievement

1) Knowledge 4) Analysis
2) Comprehension 5) Synthesis2) Comprehension 5) Synthesis
3) Application 6) Evaluation

Instructor and students’ notions of understanding may• Instructor and students  notions of understanding may 
be mismatched

• For student, being able to recite that acceleration is the rate of 
change of velocity with time may be understanding 

• Instructors expect students to be able to instantiate it in a given• Instructors expect students to be able to instantiate it in a given 
situation - Given initial and final velocities and elapsed time, what is average 
acceleration?

C Singh Aug 05C. Singh Aug 05
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Cognitive Research

• How people learn and solve problems (NRC)
– Acquisition of knowledge
– Organization and retention of knowledge in memoryg g y
– Retrieval of knowledge from memory in appropriate 

situations (including to solve problems)

• All three strongly coupled to each other

C. Singh Aug 05       
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Expertise in Problem SolvingExpertise in Problem Solving
(Larkin,Chi2-C. Singh Aug 05)

• Crucial difference between expert and novice problem solvingCrucial difference between expert and novice problem solving
– Level and complexity of knowledge representation & rules
– Relevant knowledge must be brought from LTM to working memory (STM)
– Working memory constrained: can only store 8 chunks at timeWorking memory constrained: can only store 8 chunks at time

• Experts 
Start with an initial plan which provides overall structure– Start with an initial plan which provides overall structure

– Have extensive compiled knowledge in LTM
– Several knowledge pieces are accessed as a chunk
– Chunking mechanism prevents cognitive load during problem solving– Chunking mechanism prevents cognitive load during problem solving
– Allows reflect and meta-cognition while solving problems
– Can shift flexibly across different schemas (laterally)

• Novices
– Immediately jump into implementation phase 

Can only reflect on problem solving after solving the problem– Can only reflect on problem solving after solving the problem

36



Implications for Teaching
(NRC How People Learn)(NRC How People Learn)

• Draw out and work with the preexisting 
understandingsunderstandings

• Teach some subject matter in depth
• Meta-cognitive skills should be 

integrated into the curriculum
37

integrated into the curriculum



I i L iIssues in Learning

• Active Engagement
• Community of learners• Community of learners
• Quality vs. Quantity Time

U bl k l d t t ti ll i d b l t f– Usable knowledge not automatically acquired by lots of 
time on task 

C iti L d• Cognitive Load –
– Limited memory capacity makes it high during problem 

solving Techniques can reduce itsolving. Techniques can reduce it.
C. Singh Aug 05
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A ti L iActive Learning

39



Learning & Teaching Techniques
(NRC H P l L )(NRC How People Learn)

40



D i i Cl E i tDesigning Classroom Environments
(NRC How People Learn)

• Learner-centered & Knowledge-centered classroom 
environments need attention to 

h t i t ht (i f ti bj t tt )– what is taught (information, subject matter), 
– why it is taught (understanding), and 
– what competence or mastery looks like.

L i i i fl d b th t t i hi h it t k l• Learning is influenced by the context in which it takes place. 
• A community-centered approach requires the development of 

norms for the classroom and school, as well as connections to the 
outside world that support core learning valuesoutside world, that support core learning values. 

• Formative assessments are essential and help both teachers and 
students monitor progress.

41



TECHNOLOGY AND LEARNING

• Build on cognitive research
I l t t h l• Implement technology

• ExperienceExperience

42
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Social & Behavioral Sciences Geological Sciences

Engineering
Mathematical SciencesMathematical Sciences

Biological Sciences

44
Transformative Research & Education



Technology in Teaching
[Boylan - STEM disciplines]

S i tifi i t d i t t• Scientific equipment and instruments
• Mathematical tools (including simulations, graphical 

analysis and statistical analysis)analysis and statistical analysis)
• Instructional technology (typically on PC technology and 

a wide spectrum including Computational to p g p
Communications)
– Computer based (General purpose tools & Specialized 

applications)applications)
– Web based (including LAN) (General purpose tools & 

Specialized applications)
I t t ( ti it t th l )• Internet (connectivity to other people)
– E-mail
– Information resourcesInformation resources

DM Litynski 4529 Apr 08



Instructional Technology 1: 
Course Management Systems

General purpose
• Include classroom management like WebInclude classroom management like Web 

CT, Blackboard, and their constituent 
partsparts.

• Basic functionality: syllabus, lecture notes, 
class assignments, chat room, listserv

• Requires instructor preparation• Requires instructor preparation
• Information availability to students, etc.

DM Litynski 4629 Apr 08



Instructional Technology 1: 
Course Management Systems

P P i tPowerPoint
• Ubiquitous tool
• Multimedia capable
• Forces outline
• Provides enrichment with images, graphs, 

charts, tables
• Study guide and review
• Passive vs. active learningPassive vs. active learning
• Death (of learning) by a thousand Power Points 

DM Litynski 4729 Apr 08



Instructional Technology 1: 
Course Management Systems

Advanced systems
• Include practice problems, may provide 

immediate feedback and assessmentimmediate feedback and assessment
• Dissemination not rapid in general
• Example 1: LON CARPA at Michigan 

State University. In 2004, 27 colleges/State University. In 2004, 27 colleges/ 
universities and 36,000 students using it

DM Litynski 4829 Apr 08



Instructional Technology 1: 
Course Management Systems

Ad d tAdvanced systems
• Example 2: OWL (Online Web-based Learning by U. of 

Mass Used by thousands there and number of otherMass. Used by thousands there and number of other 
campuses. Includes assessment functionalities:
– Reusable content and questions
– Instant feedback and grading
– May include images, Java Applets, audio files, video media
– Integrate external web resourcesIntegrate external web resources
– Questions can be altered each time asked by variable 

parameters
Assignment questions randomly selected from large set– Assignment questions randomly selected from large set

– Many question formats possible

DM Litynski 4929 Apr 08



Instructional Technology 2: 
Multimedia Systems

Used for
Id ill t ti b t d i l ti• Idea illustration by case study or simulation

• Tutorials for skill development
• Laboratory guides for complicated protocols
• Dissemination of lectures and course materialsDissemination of lectures and course materials
• Lecture supplements

St d t t ti l tf• Student presentation platform

DM Litynski 5029 Apr 08



Instructional Technology 2: 
Multimedia Systems

C tComments
• Some classify Instr Tech 1 in Instr Tech 2.y
• Advanced systems mentioned previously 

include multimediainclude multimedia
• Opportunity and need for research
• Broadens learning experience
• Learning style variation may benefit under-g y y

represented groups in engineering 
(women, minorities)( , )

DM Litynski 5129 Apr 08



Online CoursesOnline Courses

• Enabled by technology and experience
• Convenience for student (asynchronous)Convenience for student (asynchronous) 
• Initial investment required
• Potential lower unit costs
• Equivalent learning outcomes?Equivalent learning outcomes?

DM Litynski 5229 Apr 08



Innovations
• Active Learning

– Inquiry-based learningInquiry based learning
– Just in Time Teaching
– Active/Cooperative learning

• Student Peer ApproachesStudent Peer Approaches
– Peer Led Team Learning
– Peer Tutoring
– Peer Mentoringg
– Peer Review in the Classroom
– POGIL

• Technology for Interactive Learninggy g
– Classroom response systems
– Interactive homework
– National STEM Digital Library
– Concept Test (Inventories)
– Interactive Web-based materials

53



Innovations
• Experiential Learning for Undergraduates

– Research experience
– Internships
– Service Learning Community Engagement
– Cohorts

• Assessment of Outcomes
– Field-tested Learning Assessment GuideField tested Learning Assessment Guide
– Classroom Assessment Techniques
– Student Assessment of Learning GainsStudent Assessment of Learning Gains

54



ASSESSMENTASSESSMENT

How do we know 
what is effective 

at contributing to learning?
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ASSESSMENTASSESSMENT

GOALGOAL
To have valid research-based 

t th t diff ti tassessment that can differentiate 
variables to see what techniques 
contribute, do no harm, or may be 
detrimental to effective learning.detrimental to effective learning.

56



ReportsReports
• The Engineer of 2020, National Academy of Engineering, The g , y g g,

National Academies Press, (2004).
• Educating the Engineer of 2020, National Academy of Engineering, 

The National Academies Press, (2005).
• Rising Above the Gathering Storm: Energizing and Employing 

America for a Brighter Economic Future, Committee on Science 
Engineering and Public Policy, The National Academies Press, 
(2006)(2006).

• Transforming America’s Scientific and Technological Infrastructure: 
Recommendations for Urgent Action, Project Kaleidoscope 2006 
Report on Reports II, (2006).Report on Reports II, (2006).

• Engineering Change –A Study of the Impact of EC2000, ABET 
(2006).

• American Competitiveness Initiative – Leading the World inAmerican Competitiveness Initiative Leading the  World in 
Innovation, Domestic Policy Council Office of Science and 
Technology, (Feb 2006)
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National Academy of EngineeringNational Academy of Engineering
The Engineer of 2020 & Educating the Engineer of 2020

A Vi i f th f t• Agree on a Vision for the future
• Build clear image of new roles for engineers
• Accommodate innovation from various sourcesAccommodate innovation from various sources
• Focus differing disciplines on common goals
• Transform engineering education

– Re-examine roles and accreditation of BS & MS degrees.
– Use flexibility of ABET 2000 & introduce engineering early.
– Universities endorse research in engineering educationUniversities endorse research in engineering education.
– Teach life-long learning and interdisciplinary work.

• NSF should collect data on program approach and student 

58
outcomes



Project Kaleidoscope
Transforming America’s Scientific and Technological Infrastructure: 

Recommendations for Urgent Action

• Focus on students now in the pipeline
– Support promising studentspp p g
– Inquiry-based learning
– Research opportunities
– Diversity

• Focus on the future workforce
C t t d t ki t k l– Connect student working to workplace

– Regional collaborations of academe, business, civic groups
– Reward faculty for interdisciplinary workReward faculty for interdisciplinary work

• Focus on innovation for the future
– Be adventurous in transforming student learning

59

g g
– Set benchmarks for action plans



Engineering Change –A Study of the Impact of EC2000 
(2006)( )

• Key Findings: Changes in Engineering Programs
– Greater emphasis on professional skills and active learning
– High levels of faculty support for continuous improvement
– Mixed emphasis on teaching in faculty award structurep g y

• Key Findings: Differences in learning outcomes
– 2004 graduates better prepared than 1994

P f i l kill i d t h i l kill i t i d– Professional skills gained; technical skills maintained
• Key Findings: Links Between EC2000 and Learning Outcomes

– Changes in programs and student experiences empirically linked to g p g p p y
higher performance

• Key Findings: Employer Views
National employers see more improvement than local firms

60

– National employers see more improvement than local firms
– Employers say a-k outcomes still important



USA Domestic Policy CouncilUSA Domestic Policy Council
American Competitiveness Initiative – Leading the  World in Innovation

• Double over 10 years the funding for innovation-enabling 
research at key federal agencies (NSF, DOE, OSTP, 

S )NIST) 
• Encourage private sector investment in innovation by 

Research & Experimentation Tax CreditResearch & Experimentation Tax Credit
• Strengthen K-12 math & science education by 

understanding how students learn and applying that to g pp y g
teacher education, curricular development, and improved 
student learning
R f th kf t i i t• Reform the workforce training system

• Compete for and retain the best and brightest high-
skilled global worker

61
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IEEEIEEE
• MISSION: IEEE's core purpose is to foster p p

technological innovation and excellence for the 
benefit of humanity.

• VISION: IEEE will be essential to the global 
technical community and to technicaltechnical community and to technical 
professionals everywhere, and be universally 
recognized for the contributions of technology g gy
and of technical professionals in improving 
global conditions.
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IEEEIEEE
IEEE quick facts at the end of 2007:q

– more than 375,000 members including nearly 80,000 
student members in more than 160 countries 
38 societies and 7 technical councils representing the– 38 societies and 7 technical councils representing the 
wide range of technical interests 

– Over 1.7 million documents in the IEEE/IET Electronic O e o docu e s e / ec o c
Library 

– publishes a total of 144 transactions, journals and p j
magazines 

– sponsors more than 850 conferences annually 

63
– approximately 60% are in regions 1-6 (within US) and 

40% are in regions 7-10



IEEE EDUCATION SOCIETYIEEE EDUCATION SOCIETY
• VISION

– To be a global leader in educational innovation, 
pedagogy, and research. 

• The IEEE Education Society membership at 
the end of 2007:
– included over 3,000 members 
– Approximately forty-seven percent (47%) reside in US 

(regions 1 6) and fifty three percent (53%) live in(regions 1-6) and fifty-three percent (53%) live in 
regions 7-10
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MISSIONMISSION
• The Society shall strive for 
• the advancement of the theory and practice of 

electrical and computer engineering and of the 
allied arts and sciences andallied arts and sciences, and 

• the maintenance of a high professional standing 
among its members and affiliates,among its members and affiliates, 

• all in consonance with the Constitution and 
Bylaws of the IEEE and y

• with special attention to such aims within the 
field of interest of the Society as are hereafter 
d fi d

65
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Field of Interest (FOI)Field of Interest (FOI)
• The field of interest of the Society shall be:y
• Educational Methods, Educational Technology, 

Instructional Materials, History of Science andInstructional Materials, History of Science and 
Technology, and Educational and Professional 
Development ProgramsDevelopment Programs

• within Electrical Engineering, Computer 
Engineering and allied disciplinesEngineering, and allied disciplines.

• Article II, Section 1 of the Educational Society Constitution and By-laws updated December 1996 
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Engineering Education
and Future Challengesand Future Challenges 

SUMMARY
• PERSPECTIVE

– Changing demographics and environment
Great Engineering Achievements of 20th Century– Great Engineering Achievements of 20th Century

– Great Challenges for Engineering in 21st Century
• TEACHING & LEARNINGTEACHING & LEARNING

– Goal is Student Outcomes
– Engage and challenge studentsg g g

• TECHNOLOGY AND LEARNING
– Opportunities and pitfalls

• ASSESSMENT
– Need for valid assessment to differentiate

CONCLUSIONS
29 Apr 08 DM Litynski 67
• CONCLUSIONS

– Rich field for research
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