KNOW WHY & investigation of REAL WORLD PROBLEMS In
Electrical Engineering Undergraduate Teaching

W. Bergholz, Jacobs University Bremen,

“Tell me and I'll forget; show me and | may remember; involve me and I'll understand” Chinese Proverb

3'd Year EE: Guided
Research in Team Work Style

First Year: Know why
and Real World Problems

] Problem:

» First year Electrical Engineering Curriculum: Large number of topics and standard
algorithmic methods for circuit analysis and electronic device engineering
-> perceived as difficult, tiresome and kind of boring

J Background / Motivation:

» Most Electrical Engineering Students will eventually work in Industry

» Industrial Research and Development Projects / Problem Solution Task Forces in Teams, not individual
research projects. This approach is needed because of complexity and the multi-discipline nature of
technology engineering

» Has undesirable consequences like drop of lecture attendance, “cram-learning” before

exams, problem in second year courses,... - introduce team work elements into Guided Research Projects to “practice” this working mode and to

benefit from the team work approach

JTeam Work in Guided Research

» Significant synergies and interdependencies. Coordination by regular team meetings

J Solution:

» Know Why questions before each new topic = “priming” the brain for the new subject
matter

Topic Questions and Answers A PRSI gy (f oy B 4

Energy o Unit?
o conversion between electrical and
mechanical energy?
o unit?
o conversion between electrical and
mechanical power

Thermal Energy O unit?
o Conversion between electrical and

thermal energy

Guided ResarchTopics Spring 2010
Efficient Lighting Methods: The Solid State Lighting Revolution

Optimization of standby power efficiency in household and office appliances

Photovoltaic Reliability Testing

Desing of a smart thermal control in residential rooms for improved energy efficiency

E-Mobility: new technologies and business models

Study on technical developments for electrical energy storage in electric vehicles and implications for business models in e-mobility.

Comparative Analysis of PV cell and module makers parameters

Investigation of lifetime and cell parameter maps of photovoltaic cells as a function of low temperature annealing

An Integrated Power Monitoring, Management, and Optimization System for a Smarter Grid — ICT Architecture

Sustainable Generation of Energy in Megacities

Smart and efficient energy storage in megacities

Efficient Electrical Energy Generation through Photovoltaics at Jacobs University On the Path to Net Zero-Energy Buildings

o what have a round trip Servery -2 Evaluation of Quality Management Systems and Technical Standardization Fundamental to the Solar Photovoltaic Industry

common room = Servery in College, the

River Junction Lesum - Weser and

Kirchhoff‘s Laws in common?

o direction of counting arrows in sources ? |+

Kirchhoff‘s Laws and
application to circuit
analysis

Supply Chain optimization: optimum between service quality and cost

» Some examples:

Haitz Law: Moore’s Law for LEDS
»Case studies = interesting applications, with relevance for real world problems,

»Example: capacitors = e-mobility ——
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(12) United States Patent

Weir et al.

06add_energy storage

US 7,466,536 Bl
Dec. 16, 2008

(10) Patent No.:
(45) Date of Patent:

(54) UTILIZATION OF POLY(ETHYLENE
TEREPHTHALATE) PLASTIC AND
COMPOSITION-MODIFIED BARIUM
TITANATE POWDERS IN A MATRIX THAT
ALLOWS POLARIZATION AND THE USE OF
INTEGRATED-CIRCUIT TECHN sAIES

FOREIGN PATENT DOCUMENTS

A Brand New Development: Ba Titanate based ultracapacitors
= PotentiallyTHE BREAKTHROUGH for the electric carl

T CCHNOLOGIES
FOR THE PRODUCTION OF LIGHTWEIGHT

ULTRAHIGH ELECTRICAL ENERGY
STORAGE UNITS (EESU)
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- BUT: still technology problems to be solved
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capacitors, Edition 11/03, This very-high-voltage breakdown
assists in allowing the ceramic EESU to store a lanze amount i3
of energy due 1o the following: Stored energy E=CV7/2, - L U S——— Total worldwide standby
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Figure 33 Predictor for the pofenalfo costreducton I

*Light output increased by a factorg?zo per decade

* Light price decreased by a factor of 10 per decade I

Michael Lawrence

Excerpts of GR theses by Shaan Rauniyar

J Results:

> many incidences of “cross-fertilization” of research work through regular team
meetings

» Improvement in motivation and better quality of research projects

» better preparation of students for careers

COSTTO
TRAVEL 500
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http://pesn.com/2007/01/17/9500448 EEStor_milestones/
(1 of 2)18.05.2009 12:00:45 >

J Results:

> attendance and participation in lectures improved significantly
» more students from other majors chose Electrical Engineering as an elective

JUICED The Feel Good Car will use EEStor's

device by 2008. *Electricity cost converted [0 pasoline aguivalent

W. Bergholz GEE2 Spring 2010

Rationale, Conclusions & Conseguences

J Rationale for Know Why 1 Conclusions

To improve efficiency and effectiveness of learning, ideas from the

following authors have been employed:
»" Priming the brain idea” from Vera F. Birkenbihl: “Trotzdem Lehren”,

mvg Verlag 2007, Heidelberg and http://www.birkenbihl.de/

» The "know why” method and connection to real world problems is
successful

» Team Work approach in Guided Research has improved outcomes
and prepares students for practice

» M. Spitzer, “Lernen — Gehirnforschung und die Schule des Lebens”,
Spektrum Akademischer Verlag Heidelberg, 2002

Rationale for Team Work in GR
d Consequences

» Consider idea of priming for all teaching activities

Team work approach to Guided Research inspired by:

» Industry experience of the author and T. Pfeiffer:

Qualitatsmanagement”, Hanser Munchen, 2001, p 403 > Regular update of the introductory lectures (such as  first year

lectrical ' ' t the “latest test lications”
> John Davies, (2008) "Integration: is it the key to effective electrical engineering ) to cover the “latest and greatest applications

Implementation of the EFQM Excellence Model?", International Journal
of Quality & Reliability Management, Vol. 25 Iss: 4, pp.383 - 399

»Consider to extend the team work idea beyond Guided Research
Teaching
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