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THE LEARNING FACTORY - A new approach to integrating design
and manufacturing  into the engineering curriculum
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!BSTRACT
4HE�,EARNING�&ACTORY�IS�A�NEW�PRACTICE
BASED�CURRICULUM�AND�PHYSICAL�FACILITIES�FOR�PRODUCT

REALIZATION�� � )TS� GOAL� IS� TO� PROVIDE� AN� IMPROVED� EDUCATIONAL� EXPERIENCE� THAT� EMPHASIZES� THE
INTERDEPENDENCY� OF� MANUFACTURING� AND� DESIGN� IN� A� BUSINESS� ENVIRONMENT�� � 4HE� ,EARNING
&ACTORY�IS�THE�PRODUCT�OF�THE�-ANUFACTURING�%NGINEERING�%DUCATION�0ARTNERSHIP��-%%0	���4HIS
PARTNERSHIP� IS� A� UNIQUE� COLLABORATION� OF� THREE� MAJOR� UNIVERSITIES� WITH� STRONG� ENGINEERING
PROGRAMS� �0ENN� 3TATE�� 5NIVERSITY� OF� 0UERTO� 2ICO
-AYAG¼EZ�� 5NIVERSITY� OF� 7ASHINGTON	�� A
PREMIER� HIGH
TECHNOLOGY� GOVERNMENT� LABORATORY� �3ANDIA� .ATIONAL� ,ABORATORIES	�� OVER� ���
CORPORATE�PARTNERS� COVERING� A�WIDE� SPECTRUM� OF�5�3�� )NDUSTRIES�� AND� THE� FEDERAL� GOVERNMENT
THAT�PROVIDED�FUNDING�FOR�THIS�PROJECT�THROUGH�THE�!20!�4ECHNOLOGY�2EINVESTMENT�0ROGRAM�

!S�A�RESULT�OF�THIS�INITIATIVE��OVER��������SQUARE�FEET�OF�,EARNING�&ACTORY�FACILITIES�HAVE�BEEN
BUILT�OR�RENOVATED�ACROSS�THE�PARTNER�SCHOOLS���)N�THE�FIRST�TWO�YEARS�OF�OPERATION��THE�,EARNING
&ACTORIES�HAVE�SERVED�OVER������STUDENTS�� �&OUR�NEW�COURSES��AND�A�REVAMPED�SENIOR�PROJECTS
COURSE�WHICH� INTEGRATE�MANUFACTURING�� DESIGN� AND� BUSINESS� CONCERNS� AND�MAKE� USE� OF� THESE
FACILITIES�HAVE�BEEN�INSTITUTED���4HESE�COURSES�ARE�AN�INTEGRAL�PART�OF�A�NEW�CURRICULUM�OPTION�IN
0RODUCT�2EALIZATION���4HE�COURSES�WERE�DEVELOPED�BY�A�UNIQUE�TEAM�APPROACH�AND�THEIR�MATERIALS
ARE� AVAILABLE� ELECTRONICALLY�OVER� THE�7ORLD�7IDE�7EB�� � )NDUSTRY�PARTNERS�PROVIDE� REAL
WORLD
PROBLEMS� AND� ARE� THE� CUSTOMERS� FOR� STUDENTS� IN� OUR� SENIOR� CAPSTONE� DESIGN� COURSES�� � !S� OF
$ECEMBER� ������ OVER� ���� INTERDISCIPLINARY� PROJECTS� HAVE� BEEN� COMPLETED� ACROSS� THE� THREE
SCHOOLS�� � 4HESE� PROJECTS� INVOLVE� TEAMS� OF� STUDENTS� FROM� )NDUSTRIAL�� -ECHANICAL�� %LECTRICAL�
#HEMICAL�%NGINEERING�AND�"USINESS�� �&ORTY
THREE�FACULTY�MEMBERS��ACROSS�FIVE�TIME�ZONES��ARE
ENGAGED�IN�THIS�EFFORT�
!CKNOWLEDGEMENT�� � &UNDING�WAS� PROVIDED� BY� THE� 4ECHNOLOGY� 2EINVESTMENT� 0ROGRAM�� 420
0ROJECT��������.3&�!WARD��$-)
�������
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)��)NTRODUCTION
!��4HE�.EED�FOR�2EVITALIZING�%NGINEERING�$ESIGN�%DUCATION�

4HE� ,EARNING� &ACTORY� IS� THE� RESULT� OF� A� DESIRE� TO� GRADUATE� BETTER� ENGINEERING
PROFESSIONALS� WITH� TECHNICAL� COMPETENCE� IN� ENGINEERING� SCIENCE� FUNDAMENTALS� AS� WELL� AS
PROFESSIONAL�SKILLS�TO�EFFECTIVELY�COMPETE�IN�TODAYËS�MARKET�PLACE���4HE�,EARNING�&ACTORY�IS�THE
RESULT�OF�LISTENING�TO�THE�STAKEHOLDERS�IN�THE�EDUCATION�PROCESS�
�STUDENTS��FACULTY�AND�INDUSTRY�
/UR� INDUSTRIAL�PARTNERS� TELL�US� THAT� THEY� CAN�NO� LONGER� AFFORD� TO�PUT�NEW�EMPLOYEES� THROUGH
LENGTHY�TRAINING�OR�APPRENTICESHIP�PROGRAMS���.EWLY�HIRED�ENGINEERS�MUST�BE�ABLE�TO�CONTRIBUTE
TO�THE�GOOD�OF�THE�CORPORATION�IN�A�RELATIVELY�SHORT�PERIOD�OF�TIME���)N�ORDER�TO�DO�SO��THEY�MUST
POSSESS�STRONG�TECHNICAL�COMPETENCE�IN�ENGINEERING�SCIENCE�FUNDAMENTALS��AS�WELL�AS�ESSENTIAL
PROFESSIONAL� SKILLS� THAT� ENABLE� THEM� TO� EFFECTIVELY� APPLY� THOSE� FUNDAMENTALS� TO� SOLVE� REAL
PROBLEMS�� � 3TUDENTS�WANT� TO� IMPROVE� THEIR�MARKETABILITY�� � 4HEY� ARE� ASKING� FOR� THE� CHANCE� TO
DEVELOP� INGENUITY� AS�WELL� AS� ANALYTICAL� CAPABILITY�� � 4HEY� NEED� TO� SEE� APPLICATIONS� AS�WELL� AS
THEORY���&ACULTY�WANT�TO�BE�EFFECTIVE�EDUCATORS�BUT�NEED�NEW�RESOURCES�AND�FACILITIES�TO�REAP�THE
BENEFITS�OF�ACTIVE�LEARNING�

4HE�,EARNING�&ACTORY� RECOGNIZES� THE� NEED� FOR� BOTH� INTELLECTUAL� AND� PHYSICAL� ACTIVITIES� IN
ORDER�TO�ANCHOR�THE�KNOWLEDGE�AND�PRACTICE�OF�ENGINEERING�IN�THE�MINDS�OF�STUDENTS���7HILE�THIS
APPROACH�IS�NOT�REALLY�ÍNEWÎ��IT�IS�PART�OF�THE�GROWING�MOVEMENT�TO�REEMPHASIZE�PRACTICE�AND
HANDS
ON�EXPERIENCES�IN�ENGINEERING�EDUCATION�� �7HILE�THE�CONTENT�OF�CURRICULA��AS�WELL�AS�THE
BALANCE� BETWEEN� THEORY� AND� PRACTICE� HAS� DRAMATICALLY� CHANGED� OVER� THE� DECADES� ;�=�� THE
PREDOMINANT� DELIVERY�METHOD� IN�MOST� ENGINEERING� SCHOOLS� TODAY� 
� THE� LECTURE� 
� IS� RELATIVELY
UNCHANGED� FROM� THAT� OF� A� CENTURY� AGO�� � ,ECTURE� IS� A� TIME� HONORED�� EFFICIENT� TECHNIQUE� FOR
DELIVERING�LARGE�QUANTITIES�OF�ANALYTICAL�INFORMATION���)N�RECENT�YEARS��NEW�FINDINGS�IN�COGNITIVE
PROCESSES� ;�=� AND� BEHAVIORAL� PSYCHOLOGY� ;�=� HAVE� DEMONSTRATED� THE� LIMITS� OF� LECTURE�� AND
ALTERNATIVES� TO� AUGMENT� ITS� EFFECTIVENESS� HAVE� BEEN� DEMONSTRATED� ;�=�� INCLUDING� LABORATORIES
AND�COOPERATIVE�LEARNING�

,ECTURES�ENCOURAGE�PASSIVITY�IN�STUDENTS��LEADING�THEM�TO�EXPECT�THE�INSTRUCTOR�TO�PROVIDE
ALL� REQUIRED�KNOWLEDGE�� �,ECTURES�ARE�GEARED� TOWARD� THE�VERBAL� LEARNER�� AND�DO�NOT� TAKE� INTO
ACCOUNT� THE� VARIED� LEARNING� STYLES� OF� OUR� STUDENTS�� � -ANY� ENGINEERS� ARE� IN� REALITY� ÍVISUAL
LEARNERSÎ��MUCH�BETTER�SERVED�BY�ACTIVE��VISUAL�AND�TACTILE�TEACHING�METHODS;�=���-ANY�STUDENTS
WHO� HAVE� THE� INTELLIGENCE� AND� CREATIVITY� TO� BE� EXCELLENT� ENGINEERS� FIND� LITTLE� FULFILLMENT� OR
STIMULATION� IN� THE� RIGID� CONFINES� OF� THE� LECTURE� HALL�� AND� DROP� OUT� OF� FORMAL� ENGINEERING
PROGRAMS� AS� A� RESULT�� � 4HEY� DO� NOT� SEE� THE� RELEVANCE� OF� THEIR� REQUIRED� COURSES� TO� THE� ACTUAL
PRACTICE�OF�ENGINEERING�� �4OO�OFTEN�THESE�ARE�PROMISING�MINORITY�OR�FEMALE�STUDENTS�� TO�WHOM
THIS� LACK�OF� RELEVANCE�AND�STIMULATION� IS� SOMETIMES�ÍTHE� STRAW� THAT�BREAKS� THE�CAMELËS�BACKÎ�
*UST�AS�ONE�CANNOT�LEARN�TO�DRIVE�WITHOUT�GETTING�BEHIND�THE�WHEEL��OR�TO�SWIM�WITHOUT�GETTING
WET�� ENTRY� INTO� THE�PROFESSION�OF� ENGINEERING��PARTICULARLY� IN� THE� AREA�OF�DESIGN�� � REQUIRES� FAR
MORE�THAN�SITTING�IN�A�LECTURE�HALL�

4HE�.ATIONAL�3CIENCE�&OUNDATION�HAS�RECOGNIZED�THE�OPPORTUNITIES�TO�IMPROVE�ENGINEERING
EDUCATION� AND� IS� PROVIDING� IMPETUS� TO� CHANGE� BY� SPONSORING� SEVERAL� MAJOR� EDUCATION
INITIATIVES�AND�COALITIONS�;�=��INCLUDING�THE�PARTNERSHIP�DESCRIBED�IN�THIS�PAPER�

"��!�3HORT�(ISTORY�OF�THE�-ANUFACTURING�%NGINEERING�%DUCATION�0ARTNERSHIP�
�4HE�-ANUFACTURING�%NGINEERING�%DUCATION�0ARTNERSHIP��-%%0	�CONSISTS�OF�0ENN�3TATE�

4HE�5NIVERSITY�OF�0UERTO�2ICO
�-AYAG¼EZ��THE�5NIVERSITY�OF�7ASHINGTON��3ANDIA�.ATIONAL�,ABS�
AND�MORE�THAN�����INDUSTRIAL�AFFILIATES���4HE�PARTNERSHIP�DRAWS�ON�THE�SPECIAL�STRENGTHS�OF�EACH
MEMBER� AND�PROVIDES� A� UNIQUE� OPPORTUNITY� TO� SHARE�PHYSICAL� AND� INTELLECTUAL� RESOURCES� AND
EXPLORE�DIVERSE�EDUCATIONAL�APPROACHES���3TUDENTS�AT�THESE�INSTITUTIONS�COME�FROM�A�WIDE�RANGE



3

OF� GEOGRAPHIC�� SOCIO
ECONOMIC� AND� CULTURAL� BACKGROUNDS�� 4OGETHER�� THESE� SCHOOLS� GRADUATED
������"�3��ENGINEERING�PROFESSIONALS� IN� THE�����
�����ACADEMIC�YEAR�� ALL�WITH� THE�POTENTIAL� FOR
SIGNIFICANT�IMPACT�ON�OUR�NATION�S�INDUSTRIAL�COMPETITIVENESS�

4HE�-%%0�PARTNERSHIP�OWES�ITS�EXISTENCE�AND�SUCCESS�TO�FOUR�FACTORS�
��� &IRM� BELIEF� IN� THE� NEED� FOR� INCREASED� EMPHASIS� ON� PRACTICE� IN� ENGINEERING� EDUCATION�

PARTICULARLY�FOR�ENGINEERING�DESIGN
��� 'ROUND� BREAKING� ACTIVITIES� AT� 0ENN� 3TATE� AND� THE� 5NIVERSITY� OF�7ASHINGTON� BY� THE� .3&

%#3%,�#OALITION��;�=
��� 4HE� ����� !20!� 4ECHNOLOGY� 2EINVESTMENT� 0ROGRAM� �420	� 3OLICITATION� � ;FUNDING� WAS

PROVIDED�FROM�*ULY���������THROUGH�*UNE���������=
��� !�COMMON�PURPOSE�AND�AN�UNUSUAL�ATTITUDE�OF�COOPERATION�AMONG�THE�PARTNERS�

#��-%%0�/BJECTIVES�
4HE�SPECIFIC�OBJECTIVES�OF�OUR�PARTNERSHIP�ARE��TO�DEVELOP�
• !� PRACTICE
BASED� ENGINEERING� CURRICULUM� WHICH� BALANCES� ANALYTICAL� AND� THEORETICAL

KNOWLEDGE�WITH�MANUFACTURING��DESIGN��BUSINESS�REALITIES��AND�PROFESSIONAL�SKILLS�
• ,EARNING�&ACTORIES�AT�EACH�PARTNER�INSTITUTION��INTEGRALLY�COUPLED�TO�THE�CURRICULUM��FOR

HANDS
ON�EXPERIENCE�IN�DESIGN��MANUFACTURING��AND�PRODUCT�REALIZATION�
• 3TRONG�COLLABORATION�WITH�INDUSTRY�
• /UTREACH�TO�OTHER�ACADEMIC�INSTITUTIONS��GOVERNMENT�AND�INDUSTRY�

))��#OMBINING�4HEORY�AND�0RACTICE
!��.EW�#URRICULA�AND�#OURSES

/UR� CURRICULUM� IS� BASED� ON� THE� DIRECT� LINKAGE� OF� THEORETICAL� STUDIES�WITH� PRACTICE
BASED
DESIGN� AND� PROBLEM� SOLVING� ACTIVITIES�� � 4HE� ,EARNING� &ACTORY�� IN� COMBINATION� WITH� THE
CURRICULUM� ENABLES� STUDENTS� TO� INTEGRATE� DESIGN� AND� MANUFACTURING� ISSUES�� � 4OGETHER�� THESE
DEVELOPMENTS� ARE� INTENDED� TO� PRODUCE� AN� ENGINEER� READY� FOR� THE� � ��ST� CENTURY�� WITH� THE
FOLLOWING�QUALITIES�

• 3TRONG�FOUNDATION�IN�ENGINEERING�SCIENCE�FUNDAMENTALS�
• 7ELL�VERSED�IN�THE�BIG�PICTURE�OF�MANUFACTURING�AND�PRODUCT�REALIZATION��INCLUDING�THE

DESIGN�PROCESS�AND�BUSINESS�REALITIES�
• +NOWLEDGEABLE� OF� CURRENT� � TECHNOLOGIES� AND� TOOLS�� AND� MOST� IMPORTANTLY�� THEIR

MANAGEMENT�AND�APPLICATION�TO�SOLVE�NEW�PROBLEMS�
• !N�EFFECTIVE�TEAM�PLAYER�
• !DEPT�AT�COMMUNICATION��ORAL��WRITTEN��ELECTRONIC	��AND
• %QUIPPED�AND�MOTIVATED�FOR�FUTURE�LEARNING�

4HIS�INTERDISCIPLINARY�CURRICULUM��SHOWN�GRAPHICALLY�IN�&IGURE����IS�AVAILABLE�AS�A�MINOR�OR
A� DEGREE� OPTION� AT� THE� PARTICIPATING� UNIVERSITIES�� 3EVERAL� DEPARTMENTS� AT� EACH� SCHOOL� ARE
COOPERATING� IN� THIS� DEVELOPMENT�� INCLUDING�� -ECHANICAL�� )NDUSTRIAL�� #HEMICAL�� %LECTRICAL
%NGINEERING� AND� "USINESS�� � 4HE� CURRICULA�� CONSIST� OF� A� PROGRESSION� OF�MANUFACTURING�DESIGN
COURSES�� APPROXIMATELY� ONE� PER� TERM�� AND� ALLOW� STUDENTS� TO� PRACTICE� ENGINEERING� SCIENCE
FUNDAMENTALS�IN�THE�SOLUTION�OF�REAL�PROBLEMS�
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Graphics and Design
Product Dissection

Entrepreneurship

Concurrent Engineering

Interdisciplinary 

Manufacturing Processes

Adv Mfg Processes

Design/Manufacturing Project

Freshman Year

Senior Year

PROFESSIONAL ENGINEER

&IGURE�����4HE�PRODUCT�REALIZATION�CURRICULUM�PREPARES�STUDENTS�FOR
�PRODUCTIVE�CAREERS�IN�DESIGN��MANUFACTURING�AND�PRODUCT�REALIZATION

!S�PART�OF�THE�NEW�CURRICULA��SEVERAL�NEW�COURSES�HAVE�BEEN�DEVELOPED�ACROSS�THE�PARTNERSHIP�
)N�ADDITION��A�NUMBER�OF�EXISTING�COURSES�HAVE�BEEN�MODIFIED�TO�TAKE�ADVANTAGE�OF�THE�,EARNING
&ACTORY�CONCEPT���4HE�COURSES�DEVELOPED�BY�-%%0�ARE�DESCRIBED�BELOW�

�	�0RODUCT�$ISSECTION�� �4HIS�COURSE�EXAMINES�THE�WAY�IN�WHICH�PRODUCTS�AND�MACHINES�WORK�
THEIR�PHYSICAL�OPERATION��THE�MANNER�IN�WHICH�THEY�ARE�CONSTRUCTED��AND�THE�DESIGN�AND�SOCIETAL
CONSIDERATIONS� THAT� DETERMINE� THE�DIFFERENCE� BETWEEN� SUCCESS� AND� FAILURE� IN� THE�MARKETPLACE�
4HE� PRIMARY� OBJECTIVES� OF� THIS� COURSE� ARE� TO� DEVELOP� A� BASIC� APTITUDE� FOR� ENGINEERING� AND
ENGINEERING� DESIGN�� AND� TO� DEVELOP�MENTAL� VISUALIZATION� SKILLS� BY� EXAMINATION� OF� THE� DESIGN
AND�MANUFACTURE�OF�CONSUMER�AND�INDUSTRIAL�PRODUCTS���4HIS�COURSE�IS�INTENDED�TO�COMPLEMENT
ENGINEERING� SCIENCE� AND�MATHEMATICS� COURSES� AND� TO� SHOW�STUDENTS�HOW� THESE� FUNDAMENTALS
RELATE�TO�ENGINEERING�PRACTICE���-ORE�INFORMATION�ON�THIS�COURSE�CAN�BE�FOUND�IN�REFERENCE�;�=�

�	�#ONCURRENT�%NGINEERING���4HIS�COURSE�PRESENTS�THE�ORIGIN�AND�MEANING�OF�THE�TERM�CONCURRENT
ENGINEERING� AND� DISCUSSES� ITS� ROLE� IN� MODERN� ENGINEERING� COMPANIES�� � 3TUDENTS� GAIN� AN
APPRECIATION�FOR�THE�ROLE�OF�A�FORMAL�PRODUCT�PROCESS�DEVELOPMENT�STRATEGY��AND�LEARN�HOW�TO
USE� TOOLS� SUCH� AS� TEAM� DECISION� MAKING� PROCESSES�� VALUE� ENGINEERING�� QUALITY� FUNCTION
DEPLOYMENT��PROJECT�NETWORKS�AND�PLANNING��FAILURE�MODE�AND�EFFECTS�ANALYSIS�AND�$&-�$&!
ASSESSMENT�TOOLS���!LSO�DISCUSSED�ARE�LIFE�CYCLE�ISSUES�SUCH�AS�SAFETY��RELIABILITY��MAINTAINABILITY
AND� PRODUCT� DISPOSAL�� � #ASE� STUDIES� FROM� VARIOUS� INDUSTRIES� PROVIDE� STUDENTS� WITH� A� BROAD
VISION�OF�CONCURRENT�ENGINEERING��AND�INDUSTRY�SPEAKERS�PRESENT�A�PRACTICAL�PERSPECTIVE��-ORE
INFORMATION�ON�THIS�COURSE�CAN�BE�FOUND�IN�REFERENCE�;�=�

�	�4ECHNOLOGY�"ASED�%NTREPRENEURSHIP���4HIS�COURSE�IS�DEVELOPED�IN�CONJUNCTION�WITH�THE�3CHOOL
OF�"USINESS�AND�PROVIDES�STUDENTS�WITH�THE�FUNDAMENTALS�OF�ENTREPRENEURSHIP�� � )T� IS�DESIGNED
FOR�ENGINEERING�� SCIENCE��AND�BUSINESS� STUDENTS� INTERESTED� IN� LEARNING�ABOUT� ENTREPRENEURSHIP
FROM� A� TECHNOLOGY� AND� PRACTICE
BASED� POINT� OF� VIEW�� � 4HE� EMPHASIS� OF� THE� COURSE� IS� ON
INNOVATION� AND� CREATIVITY�� � 4OPICS� INCLUDE�� MARKET� ANALYSIS�� PROBLEM� AND� IDEA� SELECTION�
PROTOTYPING��AND�PRODUCT�DESIGN�

�	�0ROCESS�1UALITY�%NGINEERING��4HIS� COURSE� EXPOSES� STUDENTS� TO� THE� IMPORTANCE� OF� STATISTICAL
AND� PROBABILISTIC� METHODS� IN� THE� CURRENT� 41-� CULTURE�� � 3TUDENTS� LEARN� TO� APPLY� PROBABILITY
MODELS� AND� STATISTICAL� TOOLS� TO� ENGINEERING� PROBLEMS�� � 4HE� COURSE� INCLUDES� EIGHT� LABORATORY
SESSIONS�� WHERE� STUDENTS� DESIGN� THEIR� OWN� EXPERIMENTS�� COLLECT� DATA�� AND� APPLY� APPROPRIATE
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STATISTICAL�ANALYSIS�TOOLS�TO�THAT�DATA��-ORE�INFORMATION�ON�THIS�COURSE�CAN�BE�FOUND�IN�REFERENCE
;��=�

�	� )NTERDISCIPLINARY� 3ENIOR�$ESIGN�0ROJECT�� � 4HIS� CAPSTONE� COURSE� PROVIDES� STUDENTS�WITH� THE
OPPORTUNITY� TO� PRACTICE� THE� DESIGN� OF� PRODUCTS�� PROCESSES� AND� ENTERPRISES� FROM
CONCEPTUALIZATION� TO� ACTUALIZATION�� � 3TUDENTS�WORK� IN� INTERDISCIPLINARY� TEAMS� ON� OPEN
ENDED
HARDWARE
ORIENTED�PROJECTS�PROVIDED�BY�OUR�INDUSTRY�PARTNERS���4HIS�IS�A�REQUIRED�COURSE�WHICH
EXISTED�PREVIOUSLY��BUT�UNDER�THE�AUSPICES�OF�THIS�PROJECT��HAS�BEEN�REVISED�TO�INCLUDE�STUDENTS
FROM�MULTIPLE�ENGINEERING�DEPARTMENTS��WORKING�ON�INDUSTRY�PROJECTS�

4HE�CURRICULUM�OPTIONS�AT�EACH�OF�THE�UNIVERSITIES�ARE�DESCRIBED�BELOW�

"��502-�#ERTIFICATE�OF�-ANUFACTURING
4HIS� CERTIFICATE� HAS� BEEN� ESTABLISHED� IN� )NDUSTRIAL�� -ECHANICAL�� %LECTRICAL� AND� #HEMICAL

%NGINEERING�$EPARTMENTS�� �"ASICALLY�� STUDENTS�UTILIZE� THEIR� TECHNICAL�AND�FREE�ELECTIVES� TO� TAKE
��
���CREDITS� IN�MANUFACTURING� RELATED� COURSES�� � 3IX� TO�NINE� CREDITS� ARE� A� COMMON�CORE�BASED
UPON� THE�COURSES�DEVELOPED�BY�-%%0� 
�PRODUCT�DISSECTION�� ENTREPRENEURSHIP�AND� CONCURRENT
ENGINEERING
��AND�THE�REST�ARE�CREDITS�THAT�WILL�SUPPORT�A�STUDENT�S�DEVELOPMENT�IN�TECHNICAL�AND
BUSINESS�ASPECTS�RELATED�TO�MANUFACTURING���4HE�CERTIFICATE�IS�ADMINISTERED�BY�EACH�DEPARTMENT�

#��035�0RODUCT�2EALIZATION�-INOR
!� ��� CREDIT� DEGREE� MINOR� HAS� BEEN� DEVELOPED� WHICH� IS� AVAILABLE� TO� ALL� ENGINEERING

STUDENTS���4HE�MINOR�CONSISTS�OF�A�COHERENT�SERIES�OF�COURSES�IN�$ESIGN�AND�'RAPHICS����CREDITS	�
0RODUCT�$ISSECTION����CREDITS	��-ANUFACTURING�0ROCESSES����CREDITS	��0ROCESS�1UALITY�%NGINEERING
���CREDITS	��#ONCURRENT�%NGINEERING����CREDITS	��4ECHNOLOGY�"ASED�%NTREPRENEURSHIP����CREDITS	
AND� )NTERDISCIPLINARY� 3ENIOR� $ESIGN� 0ROJECTS� ��� CREDITS	�� � 4HE� MINOR� IS� ADMINISTERED� BY� THE
)NDUSTRIAL�AND�-ANUFACTURING�3YSTEMS�%NGINEERING�$EPARTMENT���4HE�-%%0�COURSES�MAY�ALSO
BE�TAKEN�AS�TECHNICAL�ELECTIVES�BY�STUDENTS�NOT�ENROLLED�IN�THE�MINOR�

$���57�0RODUCT�2EALIZATION�/PTION
4HE� 0RODUCT� 2EALIZATION� /PTION� CONSISTS� OF�� )NTRODUCTION� TO� $ESIGN� ��� CREDITS	�� 0RODUCT

$ISSECTION����CREDITS	��#ONCURRENT�%NGINEERING����CREDITS	��3TATISTICAL�1UALITY�#ONTROL����CREDITS	�
%NTREPRENEURSHIP����CREDITS	�AND�#APSTONE�$ESIGN��VARIABLE����TO���CREDITS	��/THER�COMBINATIONS
OF�UPPER�DIVISION��ELECTIVE�COURSES�WITH�THE�#OLLEGE�OF�%NGINEERING�AND�THE�3CHOOL�OF�"USINESS
!DMINISTRATION�CAN�BE�USED�TO�PROVIDE�OTHER�VIABLE�TECHNICAL�SPECIALTIES�

%��)NSTRUCTIONAL�$ESIGN�#ONSIDERATIONS
4HE�-%%0�CURRICULUM�BUILDS�ON�EXISTING�COURSES� IN�GRAPHICS��DESIGN��AND�MANUFACTURING

PROCESSES��4HE� INSTRUCTIONAL�DESIGN� EMPHASIZES� INTERACTIVITY�ON� TWO�DISTINCT� LEVELS�� � &IRST�� THE
COURSES�ARE�INTEGRATED�INTO�THE�STUDENTS�ENTIRE�ACADEMIC�PROGRAM��FROM�INTRODUCTORY�FRESHMAN
COURSES� TO� SENIOR�YEAR�DESIGN�PROJECT� EXPERIENCES�� � )N� THIS�MANNER�� � STUDENT
STUDENT�� STUDENT

TEACHER��STUDENT
INDUSTRIAL�PARTNERING�IS� FOSTERED�OVER�THE�YEARS��PREPARING�THE�STUDENT�FOR�THE
LEAP�FROM�THE�CLASSROOM�INTO�INDUSTRY���3ECOND��THE�CURRICULUM�IS�MUCH�MORE�THAN�JUST�LECTURE

BASED� DESIGN�� )T� INCORPORATES� CASE� STUDIES�� PROBLEM� BASED� LEARNING�� GUEST� LECTURERS� FROM
INDUSTRY��ACTIVE�LEARNING�TECHNIQUES��AND�INTERACTIVE�MULTIMEDIA�COMPUTER�TECHNOLOGIES� IN�THE
CLASSROOM�� 0REVIOUSLY� UNAVAILABLE� OPPORTUNITIES� FOR� HANDS
ON� ENGINEERING� EXPERIENCE� ARE
PROVIDED�IN�THE�,EARNING�&ACTORY�



6

4HE� EDUCATIONAL� OBJECTIVES� OF� OUR� CURRICULUM�� I�E�� THE� DESIRED� SKILLS� WHICH� WE�WANT� OUR
STUDENTS� TO�DEVELOP�� ARE� LISTED� IN�4ABLE� �� AS�WELL� AS� THEIR� LEVEL� OF� INTEGRATION� INTO� THE�-%%0
COURSES�� � 4HESE� SKILLS�WERE� DETERMINED� BY� OUR� )NDUSTRY� !DVISORY� "OARD� AND� REPRESENT� THEIR
VIEW�OF�THE�SKILLS�AND�CAPABILITIES�WHICH�ARE�REQUIRED�OF�THE�PRACTICING�ENGINEERING�PROFESSIONAL�

4ABLE�����$ISTRIBUTION�OF�SKILLS�AND�KNOWLEDGE�THROUGH�NEW�COURSES

CURRICULUM THEMES
Product

Dissection
Concurrent
Engineering

Entrepren-
eurship

Process
Quality

Engineering

Senior
Design
Project

Engineering Science Fundamentals P P P P P
Design/Synthesis B B B B A
Probability Methods N/A N/A N/A A A
Materials (Selection, Non-Traditional) B P P O A
Creativity B  O B O A
Manufacturing Processes O P P O A
Communication Skills B A A B A
Team Skills B A A A A
Problem Solving Skills B B P B A
Total Quality N/A A A B A
Business Concerns O B A O A
Project Management O A A N/A A
Cross-Disciplinary Industrial Projects N/A A A O A
Environment and Societal Concerns B A A N/A A
Integration of Product/Process B A A O A

Legend:      O=Overview    B=Basic A=Advanced P=Prerequisite      N/A=Not Applicable

&��#OURSE�$EVELOPMENT�0ROCESS
#URRICULUM� AND� LABORATORY� DEVELOPMENT� ARE� TIME� CONSUMING� AND� COSTLY� PROCESSES�� 4HE

PARTNERS� ARE� DEDICATED� TO� THE� PHILOSOPHY� THAT� SHARING� OF� RESOURCES� AND� IDEAS�� AVOIDING
REDUNDANT�EFFORTS��UTILIZATION�OF�NEW�TECHNOLOGIES�FOR�COMMUNICATION��AND�ACHIEVING�CONSENSUS
ON�CURRICULUM�CONTENT�ARE�CRITICALLY�IMPORTANT���/UR�MISSION�WAS�TO�JOINTLY�DEVELOP�CURRICULUM
MATERIALS�THAT�ARE�EASILY�TRANSPORTABLE�AND�UTILIZED�AMONG�THE�-%%0�PARTNERS��AND�EXPORTABLE
TO�THE�ACADEMIC�COMMUNITY�AT� LARGE�� �!LL�COURSE�MATERIALS�WILL�BE�AVAILABLE�EITHER� IN� TEXTBOOK
FORM��OVER�THE�7ORLD�7IDE�7EB��OR�ON�A�COMPACT�DISK�

#OURSE�DEVELOPMENT�CONSISTS�OF�A�FOUR�PART�PROCESS�
�	� 0LANNING�
�COORDINATORS�FROM�EACH�SCHOOL�AGREE�ON�OVERALL�COURSE�OBJECTIVES�AND�CONTENT�AND

HOW�THAT�COURSE�FITS�INTO�THE�BALANCE�OF�THE�CURRICULUM
�	� 0ILOTING�
�ONE�SCHOOL�TAKES�THE�LEAD�ROLE�IN�DEVELOPING�THE�COURSE�SPECIFICS�AND�OFFERING�IT�ON

A�TRIAL�BASIS
�	� 0UBLICATION� 
�4HE�PILOTING�SCHOOL�MAKES�ALL� COURSE�MATERIALS�AVAILABLE� IN�ELECTRONIC� FORMAT

FOR�USE�BY�OTHER�SCHOOLS�
�	� $EPLOYMENT� 
� 4HE� REMAINING� SCHOOLS� APPLY� THE� COURSE� MATERIALS� AND� OFFER� THE� COURSES�

MAKING�WHATEVER�MODIFICATIONS�ARE�NECESSARY�TO�SATISFY�UNIQUE�INSTITUTIONAL�REQUIREMENTS�

4HE� DEVELOPMENT� PROCESS� IS� SHARED� OVER� THE� PARTNERSHIP� AS� SHOWN� IN� 4ABLE� ��
#OMMUNICATION� AND� CONSENSUS
BUILDING�WERE� ACCOMPLISHED� BY� REGULAR� FACE
TO
FACE�MEETINGS
�APPROXIMATELY�TWO�PER�YEAR	�AND�EXTENSIVE�USE�OF�ELECTRONIC�MAIL�AND�TELECONFERENCING�� �%ACH
COURSE� DEVELOPMENT� GROUP� INCLUDED� AT� LEAST� ONE� UNDERGRADUATE� STUDENT�� PROVIDING� AN
INDISPENSABLE�ÍCUSTOMERÎ�VIEWPOINT�� �4HE�PRIMARY�BENEFIT�OF� THIS�COLLABORATIVE�APPROACH�WAS
THE�ELIMINATION�OF�REDUNDANT�EFFORTS�AT�EACH�SCHOOL���&OR�THE�PRICE�OF�DEVELOPING�JUST�ONE�OR�TWO
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COURSES�� EACH� SCHOOL� NOW� HAS� FOUR� NEW� COURSES� TO� OFFER�� � 0RODUCT� $ISSECTION�� #ONCURRENT
%NGINEERING��0ROCESS�1UALITY�%NGINEERING�AND�%NTREPRENEURSHIP�

4ABLE�����3HARING�OF�CURRICULUM�DEVELOPMENT�EFFORTS�ACROSS�THE�PARTNERSHIP

Course Piloting
Institution

Pilot Offering Offering
across MEEP

Export

Product Dissection Penn State August 94 Fall 95 Summer 96
Concurrent Engineering Washington September 94 Fall 95 Summer 96
Entrepreneurship Puerto Rico January 95 Fall 95 Summer 96
Process Quality Engineering Penn State January 95 Fall 95 Summer 96

)))���4HE�,EARNING�&ACTORY
0HYSICAL� FACILITIES� FOR� MANUFACTURING� AND� PRODUCT� REALIZATION�� LOCATED� AT� EACH� PARTNER

INSTITUTION��ARE�THE�CORNERSTONE�OF�OUR�EFFORTS�� �!CROSS�OUR�COALITION��OVER��������SQUARE� FEET�OF
NEW� AND� REMODELED� FACILITIES�� EQUIPPED�WITH� STATE
OF
THE
ART� EQUIPMENT�� ARE� DEVOTED� TO� THIS
ACTIVITY�� �4HE�,EARNING�&ACTORIES� AT� THE� THREE�UNIVERSITIES� ARE� ILLUSTRATED� IN� &IGURES� �
��� � %ACH
UNIVERSITY�HAS�ITS�OWN�,EARNING�&ACTORY�WITH�BASIC�CAPABILITIES�INCLUDING�MACHINE�TOOLS��WORK
BENCHES�� HAND� TOOLS�� WELDING�� METROLOGY�� REFERENCE� MATERIALS�� STUDENT� MEETING� AREAS�� AND
#!$�#!-�WORKSTATIONS���)N�ADDITION��SPECIALIZED�FACILITIES��SUCH�AS�#.#�MACHINING��INJECTION
MOLDING�� COORDINATE� MEASUREMENT� MACHINES�� ELECTRONIC� ASSEMBLY�� 06#� PROCESSING�� METAL
FOUNDRY�AND�RAPID�PROTOTYPING�ARE�LOCATED�AT�ONE�OR�MORE�OF�THE�UNIVERSITIES�AND�ARE�AVAILABLE
TO�THE�OTHER�PARTNERS�

4HE� ,EARNING� &ACTORY� IS� AN� ON
DEMAND� FACILITY�WHICH� IS� DESIGNED� TO� BE� USED� ACROSS� THE
CURRICULUM�AND�ACROSS�MULTIPLE�DEPARTMENTS��ANALOGOUS�TO�THE�WAY�ONE�MIGHT�USE�A�LIBRARY���)T
DIFFERS�FROM�TRADITIONAL��HIGHLY�FOCUSED�LABS�THAT�ARE�OWNED�BY�A�PARTICULAR�DEPARTMENT���4HESE
LABS� ARE� TYPICALLY� TIED� TO� SPECIFIC� COURSES� SUCH� AS� FLUID� MECHANICS�� ELECTRONICS�� OR� AUTOMATIC
CONTROLS��AND�ARE�USED�ONLY�SPARSELY�DURING�A�TYPICAL�ACADEMIC�WEEK���4HE�,EARNING�&ACTORY�IS
CONTINUOUSLY�SUPERVISED�BY�TRAINED�PERSONNEL�AND�CAN�BE�SCHEDULED�BY�ANY�ENGINEERING�CLASS
REQUIRING�DESIGN��MANUFACTURING�AND�ASSEMBLY�FACILITIES���4RAINING�CLASSES�ARE�OFFERED�TO�INSTRUCT
STUDENTS�IN�SAFETY��BASIC�MACHINING��WELDING�AND�#!$�SOFTWARE���4HE�,EARNING�&ACTORY�IS�OPEN
DAYS��EVENINGS��AND�WEEKENDS�FOR�GENERAL�STUDENT�USE��PROVIDED�STUDENTS�HAVE�THE�APPROPRIATE
TRAINING�CERTIFICATION�
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&IGURE�����4HE�LEARNING�FACTORY�AT�THE�5NIVERSITY�OF�7ASHINGTON�������FT�	

&IGURE�����0ENN�3TATEËS�LEARNING�FACTORY�������FT�	
)N�THE�,EARNING�&ACTORY��STUDENTS�ACTIVELY�EXPERIENCE�THE�PRODUCT�REALIZATION�PROCESS�IN�ITS

ENTIRETY�� FROM� DESIGN� CONCEPT� TO� FINISHED� HARDWARE�� /UR� VISION� IS� A� FACILITY� WHERE� STUDENTS
CONTINUALLY� SEEK� TO� IMPLEMENT� THEIR� IDEAS�� HONE� THEIR� SKILLS� AND� PRACTICE� ENGINEERING� IN� AN
ENVIRONMENT� SIMILAR� TO� AN� INDUSTRIAL� SETTING�� �7E� SEEK� AN� EXPERIENCE�WHERE� EVERY� ACADEMIC
TERM��STUDENTS�PARTICIPATE� IN�A�COURSE� THAT�USES� THE�,EARNING�&ACTORY�AS�AN� INTEGRAL�PART�OF� ITS
SYLLABUS�� � &OR� EXAMPLE�� IN� THE� SOPHOMORE� YEAR�� STUDENTS� IN� 0RODUCT� $ISSECTION� BENCHMARK
PRODUCTS�� DOCUMENT� DESIGNS� USING� #!$� EQUIPMENT�� PERFORM� MEASUREMENTS�� CRITIQUE
MANUFACTURING�AND�DESIGN�DECISIONS�AND�USE�PROTOTYPING�FACILITIES�TO�IMPLEMENT�THEIR�IDEAS�FOR
PRODUCT� IMPROVEMENT�� � 3OPHOMORES� AND� *UNIORS� ARE� LIKELY� TO� BE� FOUND� HONING� THEIR� BASIC
MANUFACTURING� PROCESS� SKILLS�� AND� DIRECTLY� EXPERIENCING� THE� INTERDEPENDENCY� OF� DESIGN� AND
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MANUFACTURING�COVERED�IN�#ONCURRENT�%NGINEERING���3ENIORS�IN�THE�DESIGN�PROJECTS�CLASS�WORK�IN
CROSS
DISCIPLINARY�PRODUCT� TEAMS�ON�A�WIDE�VARIETY�OF�PROJECTS� REQUIRING� THE�USE�OF� ADVANCED
DESIGN�AND�MANUFACTURING�CONCEPTS�AND�FACILITIES�� �4HE�NEEDS�OF�OUR� INDUSTRIAL�AFFILIATES�ARE�A
PRIME� SOURCE� OF� THESE� PROJECTS�� � /THER� PROJECTS� REVOLVE� AROUND� STUDENT� DESIGN� COMPETITIONS
SPONSORED� BY� THE� VARIOUS� PROFESSIONAL� SOCIETIES� �INCLUDING� 3!%� VEHICLE� COMPETITIONS	�� OR
STUDENT�INVENTIONS�RESULTING�FROM�THE�ENTREPRENEURSHIP�CLASS�OR�INDEPENDENT�STUDIES�

&IGURE�����4HE�LEARNING�FACTORY�AT�THE�5NIVERSITY�OF�0UERTO�2ICO�������FT�	

)N� ADDITION� TO� ITS� DIRECT� EDUCATIONAL� VALUE�� THE� PHYSICAL� PRESENCE� OF� THE� ,EARNING� &ACTORY
SERVES� IMPORTANT� PSYCHOLOGICAL� PURPOSES�� � "RICKS� AND� MORTAR� IMPLY� A� PERMANENCE� AND
IMPORTANCE� NOT� ACHIEVED� BY� A� WRITTEN� COURSE� DESCRIPTION� IN� A� UNIVERSITY� CATALOG�� � 3TUDENTS
NATURALLY�GRAVITATE� TO� THESE� FACILITIES�AND�THEY�PROVIDE�A�KIND�OF�HOME�AND�SOCIAL� IDENTITY�� �!
MODERN�MANUFACTURING�FACILITY��FILLED�WITH�BUSY�STUDENTS�AND�ON
GOING�PROJECTS��IS�PERHAPS�THE
MOST�EFFECTIVE�ARGUMENT� FOR� CONVINCING� INDUSTRY�PARTNERS�� RECALCITRANT� FACULTY�� AND�UNIVERSITY
ADMINISTRATORS�THAT�ENGINEERING�STUDENTS�NEED�THIS�AND�IT�MUST�BE�SUPPORTED�

)6��)NDUSTRY�0ARTNERSHIP
!� CRITICALLY� IMPORTANT� ELEMENT� IN� THIS� OPERATION� IS� OUR� )NDUSTRY� 0ARTNERSHIP�� � %ACH

UNIVERSITY� HAS� A� BOARD� OF� INDUSTRY� REPRESENTATIVES� WHO� ARE� CONVINCED� OF� THE� VALUE� OF� THE
,EARNING�&ACTORY�AND�ARE�VOLUNTEERING�THEIR�TIME�TO�MAKE�THIS�EFFORT�A�SUCCESS���4HEY�CONTRIBUTE
THEIR�TIME��EQUIPMENT��SENIOR�DESIGN�PROJECTS�AND�FUNDS�� �4HE�FACT�THAT�THESE�IMPORTANT�PEOPLE
CONTINUE�TO�DONATE�THEIR�TIME�IS� INDICATIVE�OF� THE�MERITS�OF�OUR�ACTIVITIES�AND�THE�BENEFITS� THEY
PERCEIVE�IN�THIS�INTERACTION�

/NE�PARTICULARLY�SUCCESSFUL�MODEL�USED�AT�0ENN�3TATE�HAS�BEEN�FOR�THIS�GROUP�TO�MEET�TWICE
EACH� SEMESTER� TO� CRITIQUE� OUR� EFFORTS� AND� OFFER� STRATEGIC� GUIDANCE�� � !T� THE� BEGINNING� OF� EACH
SEMESTER��PART�OF� THE�MEETING� IS�DEVOTED� TO�A�PRESENTATION�OF�AVAILABLE� SENIOR�DESIGN�PROJECTS�
#ORPORATE� SPONSORS�MEET�WITH� THE� SENIORS� IN� OUR�-%�� )%� AND� %%� CAPSTONE� DESIGN� CLASSES� TO
PRESENT�POTENTIAL�PROJECTS� FOR� THE�STUDENTS� TO�WORK�ON�DURING� THAT�SEMESTER�� �4HIS�EVENT�GIVES
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STUDENTS�THE�CHANCE�TO�NETWORK�WITH�POTENTIAL�EMPLOYERS��HEAR�FIRSTHAND�ABOUT�WHAT�IT�IS��LIKE�TO
BE�A�PRACTICING�ENGINEER��AND�LEARN�SUBTLETIES�LIKE�PROFESSIONAL�DRESS�AND�PRESENTATION�SKILLS��!T
THE� END� OF� THE� SEMESTER�� THE� SAME� PARTIES� RECONVENE� IN� THE� BALLROOM� OF� A� LOCAL� HOTEL� FOR� THE
�0ROJECT�3HOWCASE����!T�THAT�TIME��IT�BECOMES�THE�STUDENTS��TURN�TO�PRESENT�THEIR�PROJECT�RESULTS�
VIA�HIGH�QUALITY�POSTERS�AND�AN�ORAL�PRESENTATION�� �4HE�AUDIENCE� FOR� THIS�EVENT�CONSISTS�OF� THE
INDUSTRIAL� SPONSORS�� STUDENTS� IN� ALL� THE� SENIOR� DESIGN� CLASSES�� FACULTY�� STUDENTS� INTERESTED� IN
0RODUCT�2EALIZATION��THE�PUBLIC�AND�THE�NEWS�MEDIA���4HIS�EVENT�IS�ONE�OF�OUR�PRIMARY�VEHICLES
FOR�MARKETING� THE� 0RODUCT� 2EALIZATION�-INOR� TO� PROSPECTIVE� STUDENTS�� � )T� HAS� ALSO� BEEN� VERY
VALUABLE� IN� DEMONSTRATING� THE� BENEFITS� OF� THE� ,EARNING� &ACTORY� CONCEPT� TO� OUR� FACULTY
COLLEAGUES�

)N� ORDER� TO� BE� SUCCESSFUL�� THIS� PARTNERSHIP� MUST� BE� MUTUALLY� BENEFICIAL� TO� INDUSTRY� AND
ACADEMIA����)NDUSTRY�PARTNERS�DIRECTLY�BENEFIT�FROM�THIS�PARTNERSHIP�BY�

• !VAILABILITY� OF� WELL
PREPARED� ENGINEERING� GRADUATES� WHO� UNDERSTAND� THE� PRODUCT
REALIZATION�PROCESS�

• /PPORTUNITIES� TO� EVALUATE� POTENTIAL� EMPLOYEES� THROUGH� INTERNSHIPS�� COLLABORATIVE
PROJECTS�AND�CLASSROOM�INTERACTIONS�

• $IRECT�ASSISTANCE�IN�PRODUCT�AND�PROCESS�DESIGN�PROBLEMS�THROUGH�SPONSORSHIP�OF�SENIOR
DESIGN�PROJECTS�

• 0ROFESSIONAL�DEVELOPMENT�OF�INDUSTRY�PERSONNEL�THROUGH�TEACHING��LEARNING�FACTORY�AND
CURRICULUM�DEVELOPMENT�

• 4ECHNOLOGY�TRANSFER�THROUGH�)NDUSTRIAL
!CADEMIC�EXCHANGES�
�INDUSTRY�ENGINEERS�IN�THE
CLASSROOM��AND�FACULTY�INTERNSHIPS�IN�INDUSTRY��AND�THE

• /PPORTUNITY� TO� INFLUENCE� AND� IMPROVE� THE� EDUCATION� OF� ENGINEERS� WELL� INTO� THE� NEXT
CENTURY�

4HE�MEMBERS� OF� OUR� INDUSTRIAL� PARTNERSHIP� SPAN� THE� SPECTRUM� FROM� LARGE�MULTI
NATIONAL
CORPORATIONS� TO�SMALL� FAMILY
OWNED�BUSINESSES�� �7HILE�A� FEW� LARGE�CORPORATIONS� �SUCH�AS�(0�
'%��"OEING��'-	�WORK�WITH�MORE�THAN�ONE�UNIVERSITY��MOST�OF�THESE�PARTNERS�INTERACT�PRIMARILY
WITH� THE� UNIVERSITY� IN� THEIR� REGION�� � 2EPRESENTED� INDUSTRIES� INCLUDE� AEROSPACE�� AUTOMOTIVE�
ELECTRONICS�� PHARMACEUTICALS�� CHEMICALS�� COMPUTERS�� MACHINE� TOOLS� AND� CONSUMER� PRODUCTS�
4HESE�INDUSTRY�PARTNERS�HAVE�CONTRIBUTED�OVER���-�IN�CASH�AND�IN
KIND�SUPPORT�FOR�THIS�PROJECT�
4HE�CURRENT�INDUSTRIAL�AFFILIATES�OF�THIS�PROJECT�ARE�LISTED�IN�4ABLE���

4ABLE����)NDUSTRIAL�PARTNERS�OF�-%%0

Abbot Labs Accusort Allegheny Valve
Allergan Medical AMP AT&T
Atotech Avon Baxter Biotech
Baxter Edwards Bently Systems Boehringer Labs
Boeing Bristol Myers - Squibb Caribe GE
Conair Cutler Hammer Dana Corp.
D/E Associates DEC DuPont
Eastman Kodak ELDEC ExtrudeHone
FF Industries FLOW Int. Corp. Fluke
Foundry Education Foundation FORMOST GBC Materials
General Electric Lighting General Electric Ohio Lamp General Instrument
General Motors Globe Lift Haleyville Mfg.
HealthTech Henrob Hewlett Packard
Holman Inc. Hop Scotch Restaurant IBM
Husky Injection Industrial Dielectrics Industrial Modernization Center
InFlow Inc. Innoteck Inc. Jack Ogle and Co.
JLG Industries K2 Kennemetal
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Kimberley Clark Lifescan Lutron
MARCO Martin Consulting Microsoft
Motorola Muncy Machine Tool Murata Electronics
New Holland Northwest Pacific Fishing Novatek
NYPRO Olympia Orthotics and

Prosthetics
PAC Northwest

PACCAR Piezo Kinetics Plastics Systems
Polymerland Precision Components PRECOR USA
PREMSCO Procter and Gamble Productos La Aguadillana
Professional Molding Puerto Rico Manufacturers

Assoc.
PR2000

PR Economic Development Adm. Red Dot Rolodex
SPE Seafirst Bank Security Plastics
Sensormatic Stryker/Arroyo Supertechnology
Taylor Packing Techno-Plastics Tektronix
Telecomm Solutions Textron Lycoming Upjohn
USDA Forest Service Vasallo Paints & Coatings Washington Technology Center
Wash. St. Recycle Assist.

Program
Westinghouse Wenzel and Associates

Xerox

4HESE�PARTNERS�CONTRIBUTE�IN�SEVERAL�CRITICAL�WAYS��PROVIDING�PHYSICAL�AND�PERSONNEL�RESOURCES
INCLUDING�

• -ANUFACTURING�DESIGN�STUDENT�PROJECTS
• 0RACTICING�ENGINEERS�IN�THE�CLASSROOM��GUEST�LECTURERS��DESIGN�PROJECT�SUPERVISORS	
• /PPORTUNITIES�FOR�FACULTY�EXPERIENCES�IN�INDUSTRY
• $ONATIONS�AND�LOANS�OF�EQUIPMENT
• $IRECT�FINANCIAL�SUPPORT
• 3UMMER�STUDENT�INTERNSHIPS
• %XPERTISE�TO�DEVELOP�,EARNING�&ACTORY�FACILITIES
• 4OURS�OF�INDUSTRIAL�FACILITIES�FOR�STUDENTS�AND�FACULTY
• !SSISTANCE�WITH�COURSE�DEVELOPMENT��SUCH�AS�CASE�HISTORIES	
• &EEDBACK�ON�-%%0�CURRICULUM�DEVELOPMENTS
• 3TRATEGIC�GUIDANCE�IN�MATTERS�OF�FUND
RAISING�AND�MANAGEMENT

6���/UTREACH
4HE�-%%0�PARTNERSHIP�IS�DEDICATED�TO�CHANGING�ENGINEERING�EDUCATION�AND�ENSURING�THAT

THE� BENEFITS� OF� THOSE� CHANGES� ARE� AVAILABLE� TO� ALL� STUDENTS�� � /UR� APPROACH� WILL� ATTRACT
OUTSTANDING� STUDENTS�WHO�WISH� TO� SUPPLEMENT� THE� TRADITIONAL� LECTURE� ENVIRONMENT�WITH� REAL

WORLD�EXPERIENCES�IN�THE�,EARNING�&ACTORY�� �4HE�APPROACH�WILL�ALSO�HELP�RETAIN�THOSE�STUDENTS
WHO�ARE�NOT� STIMULATED�BY� THE� TRADITIONAL� LECTURE�ENVIRONMENT��BUT�WHO�HAVE� THE� INTELLECTUAL
AND�CREATIVE�ABILITIES�TO�BECOME�EXCEPTIONAL�ENGINEERS��/UR�CURRICULUM�MATERIALS�ARE�MODULAR�
TRANSPORTABLE� AND� AVAILABLE� TO� THE� ACADEMIC� COMMUNITY� AT� LARGE�� � %XTENSIVE� USE� IS� MADE� OF
ELECTRONIC�TECHNIQUES�FOR�COMMUNICATION�AND�CURRICULUM�EXPORT��SUCH�AS�MULTI
MEDIA�COMPUTER
TOOLS��THE�7ORLD�7IDE�7EB��AND�VIDEO�CONFERENCING���/UR�OUTREACH�ACTIVITIES�ARE�COORDINATED�BY
COLLEAGUES�AT�3ANDIA�.ATIONAL�,ABORATORIES�

0ORTABILITY�OF�CURRICULUM�ACROSS�PLATFORM��EDITABILITY�OF�FILES�BY�FACULTY��AND�ACCESSIBILITY�OF
FILES�OVER�THE�)NTERNET�WERE�KEY�CONSIDERATIONS�FOR�THE�OUTREACH�ACTIVITY�� �%ASE�OF�ACCESS� ISSUES
ARE�CONTINUALLY�BEING�ADDRESSED��&OR�EXAMPLE��A�STYLE�GUIDE�WITH�A�TEMPLATE�FOR�FORMAT�ISSUES�IS
SHARED�AMONG�AUTHORS�TO�ENSURE�THAT�FILES�MAY�BE�IMPORTED�AND�PRINTED�WITHOUT�DIFFICULTY�ON
ANY� PLATFORM�� #ONSISTENCY� OF� PRESENTATION� WAS� A� MINOR� PROBLEM� ERADICATED� BY� THE
IMPLEMENTATION�OF�A�STYLE�GUIDE��ENABLING�AUTHORS�TO�EMPLOY�THE�SAME�FONT��FORMAT��POINT�SIZE�
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AND�-ICROSOFT�0OWERPOINT�TEMPLATE��FOR�A�COHERENT�LOOK�AND�FEEL�OF�ALL�MATERIALS�DEVELOPED�BY
THE�PARTNERSHIP���#OMMERCIAL�PUBLISHERS�ARE�CURRENTLY�BEING�CONTACTED�TO�TAKE�THE�NEXT�STEP�AND
CONVERT�THE�COURSE�MATERIALS�INTO�PROFESSIONAL�QUALITY��WELL�DOCUMENTED��STAND�ALONE�PRODUCTS�

4HE� OUTREACH� GOALS� EVOLVED� OVER� THE� PROJECT� DURATION�� � %ARLY� IN� THE� CURRICULUM
DEVELOPMENT�PHASE�� OUTREACH�WITHIN� THE�PARTICIPATING�UNIVERSITIES�WAS�PARAMOUNT��NOW�� TWO
YEARS� INTO� THE� PROJECT�� OUTREACH� BEYOND� THE� THREE� UNIVERSITIES� IS� CRITICAL�� � )NITIALLY�� FILES�WERE
SHARED�VIA� FILE� TRANSFER�PROTOCOL� �FTP	�AT�ANONYMOUS� FTP� SITES�AT� THE�5NIVERSITY�OF�7ASHINGTON
AND�AT�0ENN�3TATE�� �!� LIMITED�NUMBER�OF�#$
2/-S�WERE� ISSUED� CONTAINING� COURSE�NOTES� AND
LECTURE� MATERIALS� IN� -ICROSOFT� 7ORD� AND� 0OWERPOINT� FILES�� � -ULTIMEDIA� ELEMENTS� WERE
DEVELOPED�USING�!UTHORWARE�SOFTWARE��BY�-ACROMEDIA�)NC�	��IN�PART�BECAUSE�OF�THE�POWER��EASE
OF�CONSTRUCTION��AND�PORTABILITY�TO�EITHER�-!#�OR�0#�PLATFORMS�� �&INALLY��A�SITE�WAS�DEVELOPED
ON� THE�7ORLD�7IDE�7EB� TO� ADVERTISE� THE� AVAILABILITY� OF� THE� CURRICULUM� AND� TO� DEMONSTRATE
HIGHLIGHTS� OF� THE� LEARNING� FACTORY� APPROACH� TO� THE� ENGINEERING� COMMUNITY� AT� LARGE
�HTTP���LFSERVER�LF�PSU�EDU	�� � /THER� INFORMATION� IS� ALSO� ON� THE� WEB� SITE�� INCLUDING� COURSE
MATERIALS��REAL
TIME�VIDEO�IMAGES�OF�THE�,EARNING�&ACTORY��DESCRIPTIONS�OF�CURRICULA��SUMMARIES
OF� COMPLETED� INDUSTRY� PROJECTS�� INFORMATION� ON� HOW� TO� SPONSOR� A� SENIOR� DESIGN� PROJECT�
DESCRIPTIONS� OF� COURSES�� PUBLICATIONS�� LISTING� OF� CURRENT� EVENTS�� AND� SCHEDULES� FOR� TRAINING
COURSES�

6)���)MPACT�AND�!SSESSMENT
4HE�OVERALL�IMPACT�OF�THIS�PROJECT�HAS�BEEN�TO�INSTIGATE�CHANGE�IN�THE�ACADEMIC�CULTURE���4HE

KEY�LEVER�IN�ACHIEVING�THIS�HAS�BEEN�THE�POSITIVE�INFLUENCE�OF�OUR�INDUSTRIAL�PARTNERS���&ROM�THE
INDUSTRY�PERSPECTIVE��WE� FINALLY�HAVE�A� CONCEPT� �THE�,EARNING�&ACTORY	� THAT� THEY�UNDERSTAND�
APPRECIATE� AND� WHOLLY� EMBRACE� AS� MORE� FULLY� MEETING� THEIR� NEEDS�� � 4HEIR� ENTHUSIASM� HAS
TRANSLATED�INTO� THE�BEGINNING�OF�CHANGE� IN� THE�ATTITUDES�OF� FACULTY�MEMBERS� 
� THAT�A�HANDS
ON
EDUCATIONAL� ENVIRONMENT�� IN� CONCERT� WITH� ENGINEERING� SCIENCE�� IS� A� VALID� APPROACH�� � 3PECIFIC
ACCOMPLISHMENTS� OF� THIS� PROGRAM� AT� THE� THREE� UNIVERSITIES� � ARE� DESCRIBED� BELOW�� � 4HESE
ACCOMPLISHMENTS�ILLUSTRATE�THE�RICHNESS�AND�DIVERSITY�OF�THE�COALITION�APPROACH�AND�ATTEST�TO�THE
CROSS
FERTILIZATION� ENGENDERED� BY� THIS� PARTNERSHIP�� � !N� ADDITIONAL� BENEFIT� OF� THE� COALITION
APPROACH��WITH�STRONG�INDUSTRY�SUPPORT��IS�TO�MARKEDLY�INCREASE�THE�STATURE�OF�THIS�PROJECT�AT�OUR
INDIVIDUAL�CAMPUSES�� �)N�.OVEMBER�������THIS�PROJECT�WAS�AWARDED�AN�HONORABLE�MENTION�FOR
CURRICULUM�INNOVATION�BY�THE�!MERICAN�3OCIETY�OF�-ECHANICAL�%NGINEERS�

!��0ENN�3TATE�!CCOMPLISHMENTS
4HE�,EARNING�&ACTORY�PROJECT�AT�0ENN�3TATE�CAN�BOAST�OF�SEVERAL�MAJOR�ACHIEVEMENTS�
• &OUR�NEW�-%%0
DEVELOPED�COURSES�HAVE�BEEN�INSTITUTED�AT�0ENN�3TATE��0RODUCT�$ISSECTION�

#ONCURRENT�%NGINEERING��%NTREPRENEURSHIP��0ROCESS�1UALITY�%NGINEERING	
• 4EN� EXISTING� COURSES� HAVE� TAKEN� ADVANTAGE� OF� THE� ,EARNING� &ACTORY� FACILITIES�� �)%���

0RODUCTION�%NGINEERING��%%����!NTENNA�%NGINEERING��%%���7�%LECTRONIC�$ESIGN��-%���7
3ENIOR�$ESIGN�0ROJECT��-%���7�4HERMAL�$ESIGN��)%����)NDUSTRIAL�0ROJECTS��-%����2OBOTICS�
-%����6EHICLE�$YNAMICS��%.'2����%NIGMATIC�%NGINES	

• ��� INDUSTRY
SPONSORED� INTERDISCIPLINARY� SENIOR� DESIGN� PROJECTS� HAVE� BEEN� COMPLETED�
4YPICALLY� ��
��� PROJECTS� ARE� EXECUTED� EACH� SEMESTER�� � #OMPANIES� CONTRIBUTE� A� SMALL� FEE
������� PER� STUDENT� TEAM	� TO� COVER� INCIDENTAL� PROJECT� EXPENSES� AND� ,EARNING� &ACTORY
OVERHEAD�

• !�NEW�������SQUARE�FOOT�,EARNING�&ACTORY�FACILITY�HAS�BEEN�BUILT��EQUIPPED��AND�STAFFED���)T�IS
OPEN����HOURS�PER�WEEK�FOR�STUDENTS�IN�ALL�ENGINEERING�DEPARTMENTS�
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• ���INDUSTRY�PARTNERS�HAVE�CONTRIBUTED�PROJECTS��SUPPORT�AND�SUPERVISION�
• /VER�����STUDENTS�FROM���ENGINEERING�DEPARTMENTS�HAVE�USED�THE�,EARNING�&ACTORY�IN�THEIR

COURSES�OR�PROJECTS�DURING�THE�LAST�YEAR�
• 4RAINING�COURSES��NON
CREDIT��FREE��VOLUNTARY	�ARE�OFFERED�IN�SAFETY��BASIC�MACHINING��WELDING�

AND� #!$� AND� ARE� A� PREREQUISITE� FOR� STUDENTS� TO� USE� THE� ,EARNING� &ACTORY� FACILITIES�
!PPROXIMATELY�����STUDENTS�TAKE�THESE�COURSES�EACH�SEMESTER�

• 4HE� MINOR� IN� 0RODUCT� 2EALIZATION� HAS� BEEN� DEVELOPED�� APPROVED� AND� INSTITUTED� BY� THE
UNIVERSITY

• 7E� HAVE� INSTITUTED� THE� �0ROJECT� 3HOWCASE��� A� TRADE� SHOW� TYPE� EVENT�� AT� THE� END� OF� EACH
SEMESTER�TO�PRESENT�STUDENT�DESIGN�PROJECTS� TO�THE�GENERAL�PUBLIC�AND�TO�FACILITATE� INDUSTRY

STUDENT�INTERACTIONS�

• 4HREE�FACULTY�WHO�WERE�HEAVILY�INVOLVED�IN�-%%0�COURSE�DEVELOPMENT�RECEIVED�PROMOTION
AND�TENURE�WHILE�WORKING�ON�THIS�PROJECT�

• 4HE� PROJECT� TEAM� HAS� RECEIVED� A� HIGHLY� COMPETITIVE� 035� 0ROVOSTËS� !WARD� FOR� #OLLABORATIVE
)NSTRUCTION�AND�#URRICULAR�)NNOVATION�

• /UR�EFFORTS�WERE�FEATURED�IN�AN�ARTICLE�IN�THE�.EW�9ORK�4IMES���%DUCATION�,IFE�-AGAZINE�ON
!PRIL���������;��=�

 
"��5NIVERSITY�OF�7ASHINGTON�!CCOMPLISHMENTS

!� NEW� CURRICULUM� OPTION� IN� 0RODUCT� AND� 0ROCESS� 2EALIZATION� HAS� BEEN� DEVELOPED�� � )T
CONSISTS�OF�A�SET�OF�CORE�DESIGN�AND�MANUFACTURING�RELATED�COURSES�PLUS�TECHNICAL�ELECTIVES�THAT
WILL� COMPLETE� THE� �OPTION��� � )N� THIS� CORE� THE� ENTERING� STUDENT�WILL� INITIALLY�PROGRESS� THROUGH� A
SERIES�OF��SKILL��RELATED�COURSES���4HE�FRESHMAN�YEAR�WILL�START�WITH�%NGINEERING�����)NTRODUCTION
TO� %NGINEERING�$ESIGN�� �5PON� ENTRY� INTO� THE�-%� PROGRAM�� TYPICALLY� IN� THE� 3OPHOMORE� YEAR�
SHE�HE�WILL�PROGRESS�THROUGHOUT�THE�SEQUENCE�OF�-%�����%NGINEERING�'RAPHICS�TO�LEARN�HOW�TO
COMMUNICATE� THEIR�DESIGN� IDEAS�GRAPHICALLY� THROUGH�SKETCHES�AND�#!$��AND� FURTHER� ENHANCE
THEIR�DESIGN�ACTIVITIES�IN�-%�����0RODUCT�$ISSECTION�

4HE�*UNIOR�YEAR�IS�DEVOTED�TO�INTEGRATION�OF�DESIGN�AND�MANUFACTURING�KNOWLEDGE���-%����
-ANUFACTURING�0ROCESS�GIVES�THE�STUDENTS�THE�BASICS�OF�MANUFACTURING�PRINCIPLES�AND�MATERIAL
SELECTION� WITH� HANDS� ON� EXPERIENCE� IN� THE� VARIOUS� PROCESSES�� � )N� -%� ���� )NTRODUCTION� TO
�0RODUCT	�$ESIGN��WE� EXTEND� THE� IDEA� OF� PRODUCT�DISSECTION�WITH� THE� INTRODUCTION� OF� 0RODUCT
"ENCHMARKING�AS�A�MEANS�TO�TEACH�PRODUCT�AND�PROCESS�DESIGN�� �-%������-ECHANICAL�3YSTEMS
$ESIGN��IS�DEVOTED�TO�THE�DETAILS�OF�SYSTEM�COMPONENT�DESIGN���)N�THE�SENIOR�YEAR��STUDENTS�WILL
TAKE�-%�����#APSTONE�$ESIGN�PLUS�AND�ADDITIONAL�-%�����)NDEPENDENT�3TUDY�TO�PROVIDE�A�TWO
TO�THREE�QUARTER�SEQUENCE�OF�)NDUSTRIAL�0ROJECTS�� �)N�ADDITION�THEY�WILL�BE�ABLE�TO�SELECT���TO���
CREDITS� OF� TECHNICAL� ELECTIVES�� � 4HESE� COULD� INCLUDE� &INITE� %LEMENT� !NALYSIS�� !DVANCED
-ANUFACTURING�0ROCESS��#ONCURRENT�%NGINEERING��OR�4ECHNOLOGY�"ASE�%NTREPRENEURSHIP���)N�ALL
THESE� COURSES�WE� ENVISION� A� VIGOROUS� INTERPLAY� BETWEEN� CLASSROOM� LECTURES�� DESIGN�� ANALYSIS�
HARDWARE�IMPLEMENTATION��DEMONSTRATIONS��AND�OR�DISSECTIONS�IN�THE�,EARNING�&ACTORY�

!FTER����MONTHS����QUARTERS	�OF�OPERATION�WE�CAN�CLAIM�THE�FOLLOWING�ACCOMPLISHMENTS�AT
THE�5NIVERSITY�OF�7ASHINGTON�
• !�TOTAL�OF������STUDENTS�HAVE�BEEN�INVOLVED�IN�-%%0�RELATED�COURSES�AND�ACTIVITIES
• !�NEW�CURRICULUM�WITH�A�PATHWAY��OR�OPTION	�IN�0RODUCT�2EALIZATION�HAS�BEEN�ADOPTED�BY

)NDUSTRIAL�AND�-ECHANICAL�%NGINEERING���)N���������ACADEMIC�YEAR�WE�HAVE����-%�STUDENTS
INVOLVED�
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• .EW�COURSES�IN�0RODUCT�$ISSECTION��#ONCURRENT�%NGINEERING��%NTREPRENEURSHIP��AND�0ROCESS
1UALITY�%NGINEERING�ARE�NOW�OFFERED�REGULARLY��CROSS
LISTED�AND�CO
TAUGHT�BY�SEVERAL
DEPARTMENTS�

• 4HE�,EARNING�&ACTORY��WITH�������SQUARE�FEET�OF�RENOVATED�SPACE�AND�UPGRADED�EQUIPMENT�
IS�FULLY�OPERATIONAL�AS�OF�THE�SUMMER�OF������

• 4WENTY
FIVE�INDUSTRY�AND�UNIVERSITY��RELATED�TO�RESEARCH�IN�REHABILITATION�MEDICINE��FORESTRY
AND�BIOMECHANICS	�SPONSORED�SENIOR�CAPSTONE�DESIGN�PROJECTS�HAVE�BEEN�EXECUTED�BY�)%�AND
-%�STUDENTS�

• 3TUDENT�ENTRIES�AND�PARTICIPATION�INTO�NATIONAL�COMPETITIONS�SUCH�AS�THE�3!%�&ORMULA
6EHICLE���THE�!3-%�(UMAN�0OWERED�3UBMARINE��AND�THE�2!6%.�(UMAN�0OWERED�0LANE
ARE�NOW�A�MAJOR�PART�OF�THE�STUDENTSË�PROFESSIONAL�DEVELOPMENT�

• !�PARADIGM�SHIFT�IN�INSTRUCTIONAL�ATTITUDES�AMONG�BOTH�THE�FACULTY�AND�STUDENTS�IS�TAKING
PLACE���#OURSES�ARE�CO
TAUGHT�BY�FACULTY�AND�INDUSTRY�PARTICIPANTS��)N�THE�CLASSROOM
COLLABORATIVE�LEARNING��WITH�STUDENTS�WORKING�EFFECTIVELY�IN�TEAMS��IS�NOW�A�REALITY�

• !PPROXIMATELY��������FACULTY	�OF�THE�-%�FACULTY�HAS�FORMED�A�NEW�$ESIGN�'ROUP�TO�CARRY
OUT�JOINT�TEACHING�AND�RESEARCH�EFFORTS�IN�0RODUCTS�AND�0ROCESSES�2EALIZATION���7E�HOPE�THIS
WILL�BE�BECOME�AN�INTERDISCIPLINARY�DESIGN�GROUP�

• &ACULTY�FROM�THE�5NIVERSITY�OF�7ASHINGTON��7ASHINGTON�3TATE�5NIVERSITY�AND�4ACOMA
#OMMUNITY�#OLLEGE�ARE�JOINTLY�PARTICIPATING�IN�A�.3&�SPONSORED�PROGRAM�TO�EXTEND�THE
PRODUCTS�AND�PROCESSES�RELATED�CURRICULUM�DEVELOPMENTS�AT�THE�ENTRY�LEVEL��FRESHMAN�AND
SOPHOMORE	�TO�THE�COMMUNITY�COLLEGE�SYSTEM�

#��5NIVERSITY�OF�0UERTO�2ICO
-AYAG¼EZ��502-	�!CCOMPLISHMENTS
4HE� -%%0� INITIATIVE� HAS� HAD� A� TREMENDOUS� IMPACT� AT� THE� 5NIVERSITY� OF� 0UERTO2ICO


-AYAG¼EZ�� �-ORE� THAN� ����� STUDENTS� HAVE� BEEN� POSITIVELY� AFFECTED� BY� THEIR� PARTICIPATION� IN
COURSE�WORK��,EARNING�&ACTORY�� INDUSTRY�BASED�PROJECTS�AND�INTERACTION�WITH�OTHER�STUDENTS�AT
PARTICIPATING�UNIVERSITIES�� �/VER�����INDUSTRY�BASED�PROJECTS�ARE�BEING�COORDINATED�DURING� THE
ACADEMIC�YEAR�AND�WE�HAVE�HAD�AN�INDUSTRIAL�BASED�SPONSORSHIP�EXCEEDING������������OF�CASH
AND�IN
KIND�CONTRIBUTIONS�FROM�MORE�THAN����INDUSTRIAL�SPONSORS�

#URRENTLY� THERE� ARE� FIVE� DISCIPLINES� PARTICIPATING� IN� THIS� EFFORT� AT� 502-�� )NDUSTRIAL�
-ECHANICAL�� %LECTRICAL� AND� #HEMICAL� %NGINEERING� AND� "USINESS� !DMINISTRATION�� � 4HERE� IS� A
#ERTIFICATE�IN�-ANUFACTURING�FOR�EACH�ENGINEERING�DISCIPLINE�WHICH�BASICALLY�CONSISTS�OF����TO��
COURSES�� � 3TUDENTS� ARE� ORIENTED� TO� TAKE� THE� FOLLOWING� -%%0� COURSES� AS� A� CORE�� 0RODUCT
$ISSECTION�� 4ECHNOLOGY� "ASED� %NTREPRENEURSHIP� AND� #ONCURRENT� %NGINEERING�� � 0RODUCT
DISSECTION� IS� COORDINATED� AND� OFFERED� BY� -ECHANICAL� %NGINEERING�� 4ECHNOLOGY� "ASED
%NTREPRENEURSHIP� IS� COORDINATED� AND� OFFERED� BY� THE� #OLLEGE� OF� "USINESS� AND� #ONCURRENT
%NGINEERING�IS�COORDINATED�AND�OFFERED�BY�THE�$EPARTMENT�OF�)NDUSTRIAL�%NGINEERING���4YPICALLY
ABOUT� ��
��� STUDENTS� ARE� ENROLLED� IN� THESE� THREE� COURSES�� � )N� 4ECHNOLOGY� "ASED
%NTREPRENEURSHIP� STUDENTS�DEVELOP� INNOVATIVE� IDEAS�OF� A� POTENTIAL�MARKETABLE�PRODUCT�� � 4HIS
HAS� BEEN� CONDUCTED� IN� COORDINATION�WITH� 0ENN� 3TATE� AND� THE�5NIVERSITY� OF�7ASHINGTON�� � !T
502-�THESE�POTENTIAL�PRODUCTS�ARE�GIVEN�TO�THE�STUDENTS� IN�#ONCURRENT�%NGINEERING� TO�APPLY
THE� DESIGN�METHODOLOGY�� REDESIGN� AND� REFINE� PRODUCTS�� DEVELOP� PROTOTYPES� AND� DEMONSTRATE
THE�MANUFACTURING�AND�BUSINESS�POTENTIAL���4HE�ENTREPRENEURIAL�SPIRIT�THAT�HAS�BEEN�DEVELOPED
IS�OF�MAJOR�RELEVANCE�TO�THE�ECONOMY�OF�0UERTO�2ICO���)T�IS�IMPORTANT�TO�HIGHLIGHT�THAT�THESE�THREE
COURSES� ARE� TEAM� TAUGHT�� � )N� 0RODUCT� $ISSECTION� AND� #ONCURRENT� %NGINEERING�� THREE� FACULTY
MEMBERS� PARTICIPATE� IN� LECTURING� AND� ABOUT� EIGHT� FACULTY� MEMBERS� DO� THE� SAME� IN
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%NTREPRENEURSHIP�� �-ORE� THAN� ��� FACULTY�MEMBERS� THAT� PARTICIPATE� IN� THE�-%%0� EFFORT�� � 4HIS
PARTICIPATION�RANGES�FROM�TECHNICAL�ADVICE�ON�PROJECTS�TO�COORDINATION�AND�COURSE�DELIVERY�

4O� COMPLETE� THE� REQUIREMENTS� FOR� THE� #ERTIFICATE� STUDENTS� TAKE� OTHER� COURSES� RELATED� TO
MANUFACTURING� ASPECTS� OF� MAJOR� INTEREST� TO� THEM� AND� TO� INDUSTRY� PLUS� THE� COURSES� ALREADY
REQUIRED� IN� THEIR� DEPARTMENTAL� CURRICULUM�� � &OR� EXAMPLE�� )%� STUDENTS� MAY� TAKE� COURSES� IN
MANUFACTURING� SIMULATION�� ROBOTICS� AND� AUTOMATION� OR� PRODUCT� DESIGN�� � %LECTRICAL�� #HEMICAL
AND� -ECHANICAL� %NGINEERING� MAJORS� MAY� TAKE� SOME� OF� THOSE� COURSES� PLUS� COURSES� THAT� ARE
REQUIRED� FOR� )NDUSTRIAL�%NGINEERING�MAJORS��BUT�ARE�ELECTIVES� FOR� THEM�� �%XAMPLES�OF� THESE�ARE
APPLIED�STATISTICS��QUALITY�CONTROL��MANUFACTURING�PROCESS��AND�PLASTICS�ENGINEERING�

#URRENTLY�ABOUT����STUDENTS�ARE�IN�THESE�PATHS��AND�THE�INTEREST�IS�GROWING�RAPIDLY���4HE�CORE
Í-%%0� COURSESÎ� ARE� OFFERED� EVERY� SEMESTER�� ALTHOUGH� THIS� MAY� CHANGE�� � &OR� THE� MOST� PART
STUDENTS� ARE� INVOLVED� IN� #APSTONE� 0ROJECTS� THAT� ARE� PRACTICE
BASED�� PERFORMED� IN� INDUSTRIAL
SETTINGS���TEAMWORK�ORIENTED�AND�HEAVILY�EMPHASIZE�THE�USE�OF�WRITTEN�AND�ORAL�COMMUNICATION
SKILLS���!BOUT����PROJECTS�ARE�ADMINISTERED�EACH�SEMESTER�AND�THIS�IS�IN�A�GROWING�MODE��SINCE
#HEMICAL�AND�%LECTRICAL�%NGINEERING�ARE�EXPANDING�THEIR�EFFORTS�IN�THIS�REGARD���4HESE�INDUSTRIAL
BASED�PROJECTS�HAVE�ACADEMIC�AND�INDUSTRIAL�ADVISORS�AS�PART�OF�THE�WORKING�TEAM�

)N�ADDITION�VARIOUS�INITIATIVES�HAVE�BEEN�DEVELOPED�WITH�THE�#OLLEGES�OF�!RTS�AND�3CIENCES
AND� !GRICULTURAL� 3CIENCES�� � 3TUDENTS� ARE� CARRYING� OUT� INTERDISCIPLINARY� PROJECTS� TO� STIMULATE
ENTREPRENEURIAL�DEVELOPMENTS�AND�FACULTY�INVOLVED�IN�THE�-%%0�COURSES�ARE�SERVING�AS�MENTORS
TO� COURSE� DEVELOPMENTS� IN� SCIENCE� WHICH� EMPHASIZE� MORE� INDUSTRIAL� PRACTICE� AND
ENTREPRENEURSHIP���$URING�THE�FIRST�YEAR�A�STUDENT�EXCHANGE�WAS�ESTABLISHED�WITH�035�WHICH�IS
BEING�EXPANDED�TO�INCLUDE�57�AND�3ANDIA�

4HE� CREATION� AND� EXPANSION� OF� THE� ,EARNING� &ACTORY� HAS� PROVIDED� A� MORE� ATTRACTIVE
ENVIRONMENT�FOR�STUDENTS�AND�FACULTY�AND�HAS�STIMULATED�UNDERGRADUATE�AND�GRADUATE�RESEARCH
ACTIVITIES���)NDUSTRY
BASED�RESEARCH�PROJECTS�HAVE�BEEN�DEVELOPED�TO�HELP�SMALL�BUSINESSES�WITH
PRODUCT�DEVELOPMENT���7E�INSTITUTED�A�SEMESTER�FAIR�IN�%NTREPRENUERIAL�$EVELOPMENT��FOCUSING
ON�PRODUCT�DESIGN��WITH�THE�PARTICIPATION�OF�MORE�THAN����TEAMS�OF�STUDENTS�� �!N�EXTENSION�OF
THESE� EFFORTS� IS� THE� DEVELOPMENT� OF� AN� )NCUBATOR� 0ROGRAM� WITH� THE� %CONOMIC� $EVELOPMENT
!DMINISTRATION�OF�0UERTO�2ICO�

4HESE� ACCOMPLISHMENTS� HAVE� BEEN�POSSIBLE� TO� A�MAJOR� EXTENT�� BECAUSE� OF� THE� EXISTENCE� OF
THIS�PARTNERSHIP�� �4HE�VISIBILITY�OBTAINED�PLUS� THE�OPPORTUNITIES�PROVIDED� TO� STUDENTS�� FACULTY
AND� INDUSTRIAL� SPONSORS� HAS� ALLOWED� US� TO� DEVELOP� A� MORE� COMPREHENSIVE� APPROACH� OF
ENHANCING� THE� EDUCATIONAL� PROCESS�� �-OREOVER�� IT� HAS� PERMITTED� EVERY� PARTICIPANT� TO� BECOME
EXPOSED�TO�A�MORE�INTERDISCIPLINARY�ENVIRONMENT��THAT�IS�NOT�ONLY�APPLICABLE�TO�MANUFACTURING�
BUT�TO�THE�LEARNING�TEACHING�PROCESS�AS�A�WHOLE���4HIS�BY�ITSELF�CONSTITUTES�A�SIGNIFICANT�CHANGE
IN�THE�CULTURE�AND�HAS�HELPED�TO�INSTITUTIONALIZE�OUR�EFFORTS�

$��!SSESSMENT
!�FORMAL�ASSESSMENT�OF�THE�PROJECT�OUTCOMES�AND�DELIVERABLES�IS�UNDERWAY�AND�IS�A

REQUIREMENT�OF�THE�!20!�PROJECT�MONITOR���3TUDENTS��FACULTY�AND�INDUSTRY�PARTICIPANTS�ARE
BEING�QUERIED���4HE�ASSESSMENT�METHODOLOGY�HAS�THE�FOLLOWING�ELEMENTS�
• INTERNAL��SELF
ASSESSMENT	
• EXTERNAL��OUTSIDE�THE�PARTNERSHIP	
• MULTIPLE�CRITERIA��VARIETY�OF�MODES�AND�VIEWPOINTS	
• HOLISTIC��INTEGRATED	
• QUALITATIVE�AND�QUANTITATIVE�COMPONENTS
$ETAILED�ASSESSMENT�RESULTS�WILL�BE�REPORTED�IN�A�FUTURE�PAPER�
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6))��&UTURE�#HALLENGES�AND�/PPORTUNITIES
4HE�MAJOR�CHALLENGE�AND�OPPORTUNITY�NOW�FACING�-%%0�IS�TO�CONTINUE�THESE�ACTIVITIES�AFTER

THE� FEDERAL� FUNDING�HAS�EXPIRED�� �%ACH� INSTITUTION� IS� IN� THE�PROCESS�OF� ESTABLISHING�PERMANENT
FUNDING�MECHANISMS� TO�SUPPORT� FUTURE�OPERATIONS�� �4HESE� FUNDS�WILL� COME� FROM�A�MIXTURE�OF
UNIVERSITY� AND� INDUSTRY� SOURCES�� � !DDITIONAL� CHALLENGES� INCLUDE�� BROADENING� PARTICIPATION� TO
INCLUDE� MORE� ENGINEERING� AND� BUSINESS� DEPARTMENTS�� MARKETING� AND� CONTINUOUS� QUALITY
IMPROVEMENT� OF� THE� 0RODUCT� 2EALIZATION� COURSES�� DISSEMINATING� CURRICULUM� MATERIALS� TO
INTERESTED� UNIVERSITIES�� CONVINCING� FACULTY� COLLEAGUES� OF� THE� SCHOLARLY� CONTENT� OF� EDUCATIONAL
ACTIVITIES�� AND� EXPANDING� THE� BASE� OF� INDUSTRY� PARTNERS� IN� ORDER� TO� INSURE� THAT� THESE� EFFORTS
CONTINUE�TO�MEET�THE�NEEDS�OF�53��)NDUSTRY�

6)))��#ONCLUSIONS
!� UNIQUE� PARTNERSHIP� OF� UNIVERSITIES�� INDUSTRIES�� AND� THE� FEDERAL� GOVERNMENT� HAS� BEEN

FORMED� TO� INTEGRATE�DESIGN��MANUFACTURING� AND�BUSINESS� REALITIES� INTO� ENGINEERING� EDUCATION�
4HIS� PARTNERSHIP� HAS� DEVELOPED� AN� INTEGRATED� CURRICULUM� AND� PHYSICAL� FACILITIES� FOR� PRODUCT
REALIZATION� AT� EACH� UNIVERSITY�� WITH� THE� COOPERATION� AND� ASSISTANCE� OF� OVER� ���� INDUSTRIAL
PARTNERS���4HE�PRIMARY�PRODUCTS�AND�BENEFITS�OF�THIS�COALITION�TO�STUDENTS��INDUSTRY�AND�FACULTY
ARE�

• SUPERIOR� ENGINEERING� GRADUATES� WHO� ARE� WELL� PREPARED� TO� IMPACT� OVERALL� BUSINESS
PRODUCTIVITY�

• A�NEW�PARADIGM�FOR�ENGINEERING�EDUCATION�BASED�ON�A�BALANCE�AMONG�ANALYSIS��DESIGN�
PROCESSING��AND�INTEGRATION�

• PRACTICE
ORIENTED� TEACHING� MODULES�� AVAILABLE� ELECTRONICALLY� �AT� 777� ADDRESS
HTTP���LFSERVER�LF�PSU�EDU	�

• AND�GREATER�PRESTIGE�FOR�MANUFACTURING�AND�DESIGN�EDUCATION�IN�UNIVERSITY�CURRICULA�

4HE�THINGS�THAT�WORKED�WELL�AND�WHICH�ARE�RECOMMENDED�PRACTICES�INCLUDE�
��� #ROSS
UNIVERSITY�COURSE�DEVELOPMENT�PROCESS�AND�SHARING�OF�COURSE�MATERIALS
��� )NDUSTRY�ADVISORY�BOARDS�FOR�STRATEGIC�GUIDANCE��POLITICAL�CLOUT��AND�FINANCIAL�SUPPORT
��� )NDUSTRY�SPONSORED�SENIOR�DESIGN�PROJECTS
��� -ODERN�FACILITIES�FOR�PRODUCT�REALIZATION��I�E��THE�,EARNING�&ACTORY	
��� 3TUDENT�PARTICIPATION�IN�COURSE�DEVELOPMENT
��� 5SE�OF�THE�7ORLD�7IDE�7EB�FOR�INFORMATION�DISSEMINATION
��� 3TUDENT�TRAINING�CLASSES�IN�BASIC�MANUFACTURING�SKILLS
��� )NTEGRATED�CURRICULA�IN�0RODUCT�2EALIZATION

3OME�ITEMS�THAT�WERE�DIFFICULT�TO�ACHIEVE�INCLUDE�
��� 1UANTITATIVE�ASSESSMENT�OF�THE�EDUCATIONAL�BENEFITS�OF�THIS�APPROACH��THE�SUBJECT�OF�A�FUTURE

PUBLICATION	
��� 1UANTITATIVE�ASSESSMENT�OF�THE�BENEFITS�OF�WORKING�IN�CONCERT�WITH�MULTIPLE�UNIVERSITIES
��� 0ICTURE4EL� VIDEO� CONFERENCING� BETWEEN� STUDENTS�� AND� FACULTY� �HIGHER� COST�� FEW� BENEFITS

RELATIVE�TO�AUDIO�CONFERENCING	
��� #ROSS
UNIVERSITY�SENIOR�DESIGN�PROJECTS��DIFFICULT�TO�ORGANIZE��HIGH�RISK�OF�FAILURE	
��� 0ROFESSIONAL�QUALITY�� SELF� STANDING�COURSE�MATERIALS� �HIGH�COST�AND� LONG�DEVELOPMENT� TIME

ARE�REQUIRED�FOR�PROPER�INSTRUCTIONAL�DEVELOPMENT��AND�A�PUBLISHER�IS�NEEDED	
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