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« Welcome and introductions

« Topics of the workshop
— Background and context

— Features of engineering education research
— Research questions and methodologies

— Print and online resources

— Global communities and their networks

« Format of the workshop
— Interactive and team-based work
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Process Metallurgy

 Dissolution Kinetics — liquid-solid
Interface

* Iron Ore Desliming — solid-solid
Interface

* Metal-oxide reduction roasting — gas-
solid interface



Dissolution Kinetics

* Theory — Governing

2
Equation for Mass (Vcev)=DV-C
Transport

« Research — rotating dc 5 d?c
disk Vy d_ — F

y y

* Practice — leaching
of silver bearing
metallic copper



First Teaching Experience

* Practice — Third-year course In
metallurgical reactions —
thermodynamics and kinetics



Lila M. Smith



Engineering Education

* Practice — Third-year course In
metallurgical reactions —
thermodynamics and kinetics

e Research -7
* Theory —?

Theory

Research Practice
Evidence



University of Minnesota College of Education
Social, Psychological and Philosophical
Foundations of Education

Statistics, Measurement, Research
Methodology

Assessment and Evaluation
_earning and Cognitive Psychology

Knowledge Acquisition, Artificial
ntelligence, Expert Systems

Social psychology of learning — student
— student interaction
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Cooperative Learning

* Theory — Social Interdependence —
Lewin — Deutsch — Johnson & Johnson

* Research — Randomized Design Field
Experiments

e Practice — Formal Teams/Professor’s

Role Theory

Research  Ppractice
Evidence



COOPERATIVE LEARNING

ncreasing College Faculty

Figure A.1 A General Theoretical Framework

Social Interdependence Cognitive-Developmental Behavioral-Social
Perspective Perspective Perspective
Goal Resource And Role Reward And Task
Interdependence Interdependence Interdependence
[Promotive Interactiunl Increased Mntivatiunl
Enhanced Individual Learning And
N Productivity

T

ACTIVE LEARNING:

— COOPERATION IN THE COLLEGE CLASSROOM . .
Cooperative Learning
g iy *Positive Interdependence

Individual and Group Accountability
*Face-to-Face Promotive Interaction
*Teamwork Skills

*Group Processing

[*First edition 1991]



Cooperative Learning Research Support
Johnson, D.W., Johnson, R.T., & Smith, K.A. 1998. Cooperative learning returns to
college: What evidence is there that it works? Change, 30 (4), 26-35.

» Over 300 Experimental Studies
* First study conducted in 1924

* High Generalizability

* Multiple Outcomes

EFFORT POSITIVE

te RELATIONSHIPS

ACHIEVE

Qutcomes

-

. Achievement and retention

2. Critical thinking and higher-level
reasoning

. Differentiated views of others

. Accurate understanding of others'
perspectives

. Liking for classmates and teacher

. Liking for subject areas

. Teamwork skills

ADJUSTMENT,

SOCIAL COMPETENCE

W

Educational
Psychology

Review

~N O O1

January 2005 March 2007
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PBI_@UD Institute for Transforming Undergraduate Education
Problemn-Based Learning at University of Delaware
Why PBL? Our Workshops Resources Leaders & Fellows Partners In the News

What we offer

. DR LGtk J

Find great problems for your

The Motivation to Learn
Begins with a Problem

In a problem-based learning (PBL)Y model,
students engage complex, challenging
problerms and callabaratively wark toward
their resolution, PBL is about students
connecting disciphinary knowledge to
real-world problems—the motivation to solve a

In this peer-reviewed online
resource, educators have the
oppartunity ta subrmit and publish
their own problerms and articles an

problem becomes the motivation to learn. problem-based learning.

PBL@UD

For more than ten years, the Leaders and Fellows of the Institute for Transforming

Undergraduate Education (ITUE) have encouraged the adoption of student-centered and active PBL Trainingat a lower cost:
classroom pedagogies—and in particular—the use of PEL in the undergraduate classroom, On- Attend our January 4-6 Workshop
and off-carnpus workshops are held for faculty and students to enhance their understanding of for an Introduction to PEL!

FBEL.

This workshop will dernonstrate
problem-based learning (PBL) and model
ways that PBL can be used effectively in all
disciplines. we will begin with a problerm,

Recipient of a Hesburgh Certificate of Excellence

The Theodore M, Hesburgh Award was created to acknowledge and reward
successful, innovative faculty development programs that enhance undergraduate
teaching. ITUE is a recipient of the Hesburgh Certificate of Excellence for its warl: in
implernenting problem-based learning in the classroom,

and participants will warl: in teams to
experience first hand what this instructional
approach entails, We will then mowve to the
rmain focus of this program;: writing effective
problerm-based materials. Participants will

leave the session with new or revised

http://www.udel.edu/inst/

FEL@UD = info@nbludel edu RSITY or

EIAWARE.
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Publications About the SCALE-UP
z Project...

Contact Us
Homen This research was supperted, in part, by the U,S.
Duparlmsunt of Education s Fund for the
Tenprovement of Poxt-Secendary Educalion
(FIPSE), the Nalionad Scivnew Foundation,
Hewdett-Packard, Apple Computer, and Pasce
Sciemtific. Opinioms enprassed are these of the
awthors and ot necessarily those of our sponsors.
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The primary goal of the Student-Uentered Activities for Large Enroliment Undergraduate Programs
{SCALE-UP) Project is to establish a highly collaborative, hands-on, computer-rich, interactive leaming
environment for large-enrollment courses.

Educshorasl vessarch ind cabes that shudents shodd colancrsie on nteresing tasks and be deeply nvcheed vath the matendl they are
sludying Wi proeote ackas baming n s redeogned clasroom of 100 dudenls or moes. (OF course, enaler clisces can slea bunsfl,) We
bbeve the SCALE-LR Froject buc lbe poterkial Lo radicaly changs Ihe way lirge clases are taaghl sl colugee and uriveedline, The socisl
il actone bubammn sluderks ard il Bisr leachses sppear o be the "actiue ngreden)® 1hal maes the sporosch work, 25 mare ard more
nstruction & handed vicualy vis techrdlegy, the réstiondhip-bulcing capabilly of brick snd martar instiutions bacomas even mare
important. The pedagogicd methods ard clissroom management techniques we cedon snd diseminate #e canersl srough tobeundina
wids warkly of camas & many ciferent types of coleges.

Clazstime & sperk prmaety on "tangtks’ 3nd "pondedables " Ezertidly theze are handz-on acbuities, smusticre, or mieresing uestions
and problemsz, Thare sre dso some Aypothess-cdriven lads where studarts have to wete detalkec rencets. (Thie examak & moee sephztizated
than most, Bt shows what the bezt studerts are capable cf doing ) Shucents sk nithree groups of thres shudenis & € o 7 foot darmaler
reunc bablaz, Inchuckors ckeudste and work with beame ard ind aduak, ergrgrg them in Sooatic-ixe dulogues, Each table has ot leaat
theee networked biptops, The setting s very much ke 2 barquet hal vath Ivaly mterachons nearky ol the bme, Many otber zalege: g
uncrerzhies are acoptng fadaphng the SCALE-UF room deugn and nedagogy, Engreeing schook ars aspenialy pleasad with the cowge
chijscliven, which vl valh the requirsersrls for ABET scorwcitalicn.

HMaterish developed for the courss were ncorporsted irko vin sk became the leacing inlroductary physics texlback, used by moce than 13
of sl ycence, math, ard sngneenirg sudenh in the country

Impact Details

Rigorous evaduations of learring have baen corductad in pardkl with
the curizudum deve'cpmert effort, Eezdes bundreds of hours of
chszrocm wded and sude rezord rgs, we ako have cenducted
numzrous rkersiss and fomus groups, conducted many corcepiuy
learring assessmerts (usrg nabonslyrecognised inslruments n s
pratestfoealbest protacal), ard collecked poelfolios of shadent work,
Wa have dals comparing neady 16,000 braditions and SCAELP
shudenls. Our findings can be cummared ai the felowing:

Anity 1o zolve probleme 1 mptoved
Corcepiua undudarnd g a incressd
Allbudat are mproved

“ybare rates are drazhizaly reduced, epecally for women
sl mirerilies

L L N

* oxezk! stodents co better In later engineenng Ratcs clizses

avalhadk. A zhorter dezcaphion 15 pocted on the PYAL webzke, or
wou can wiew 2n izl dezoibing the protect from the
procesdings of the Sigma X Foram on Rdforming Undergraduste
Eduration. The Raleigh News & Obesrver revesasper sho ha 5
gescrntion of the project, The wery sucossshu pict project was
cescrbied nkhe Fralisoae of lhe Physcs Education Research
upplevant to Am. ). of Physics, Ses our publicion page for
mareinformation.

Mare than 50 colleges and uriversites scrose the US hars adanled
Ihs SCALE-UP apgrosch bo lher ownralilulions. T dl c o, The
bazc idha ramang the sama- cal the students working togather to
wearine sonathing irtaresting. That frees the irgtructor to roam
ok the rocm, ading quastions and shirdng up dibater, Claszes
n ohwacs, chemziry, math, ergreeing, :nd even Rorature have
Eeen taught the way . If vou want mere nformabion, pleaze

contack O, Zobart Bachos .

http://www.ncsu.edu/PER/scaleup.html
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M UNIVERSITY OF MINNESOTA myU >  OneStop>

Driven to Discover® Search Websites and People
Mews Releases Advanced Search
hultimedia U M N ews
Features Home > Mews Releases > U of M dedicates new Science Teaching and Student Services building
Biper e News Release o s

Today's Mews
U of M dedicates new Science

Teaching and Student
Services building

hedia Contacts Multime dia

STES overview: See all the great
features of this new building

Media Resources

Building to sere as new hub for

UMNews Home student life, including technology-rich
"classrooms of the future” and One
Stop Student Sevices

Fhone C D: | Walter, U
=+ 512-624-5551 O ontacts: Daniel YWaolter, University
Mews Service, wolter@umn.edu,

Unewsi@umn. edy = + (612) 625-8510 &
Fax: B12-624-6369

Goinside an Active Learning
Classroom

MINNEAPOLIS / 5T PAUL (0824 The ribben cutting for the new STSS Building
72010) —University of Minnessta Featured, from Ieft to right: student veteran Chris

Holbroak, U of M President Robert Bruininks, Regent
leadership and students today Linds Cohen, building architsct and U alum Bill
dedicated the new Science Teaching  pegersen, College of Biclogical Scisnces associste
and Student Serices (STSS) building,  dean Robin Wright, Provost Tom Sullivan and

24-hr number.
E - 612-293-0831 &

located at the gateway to the Minnesota Student Association president Sarah

i ! Shook,
un.lverswty s Bast Bank campus in innesota Miles checks in on
Minneapolis

student serices in STSE

You're watching:
Inside Active Learning Classrooms

The 115,000-square-foot STSS, which replaces the demolished Science Classroom Building,
will be home not only to new, state-of-the art "active learning” clagsrooms but also to
numerous student services ofiices, including One Stop Student Sewvices, veterans senvices
and career services.

"This really is the futurs of education at our Twin Cities campus,” said university President
Rabert Bruininks. "We're grateful to the people of Minnesota far making this investment in
their University."

. Related Links
The building, which was funded in large part by state bonding funds, has five stories and offers
a wide view of the West Bank and downtown Minneapalis ower the Mississippi River. It has 10 Map to STSS location . . . .
active learning classrooms, which provide for technology-driven and collat Further information about STSS htt '//m d m " I m d / d m ”/ m b d/78755
amang students and faculty. There are also five multipurpose classrooms and two larger (FDF) - e Ia I . C a' u n . e u me Ia' I e e
lecture halls

"Active leaming classrooms are the classrooms of the future and have proven results in
improving educational achievernent for students,” said university Provost Thomas Sullivan
"Thers is a critical need for more degrees in science, technology, engineering and
mathematics fields to meet expected job growth. This new facility supports our efforts to
educate the scientists and engineers who make the discoveries of tomorrow.”

In addition, the STSS is designed to meet or exceed the requirements of Minnesota's
stringent B3 sustainable design code and seeks LEED Gold certification. Sustainable

http://mww1.umn.edu/news/news-
releases/2010/UR_CONTENT _248261.html

http://www.youtube.com/watch?v=IfT_hoiuY8w
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http://youtu.be/lfT_hoiuY8w

Engineering Education Research and/or
Innovation STORY

« When and how did you become
interested in engineering education
research and/or innovation?

« Was there a critical incident or

memorable event associated with your
initial interest?



« Workshop is about

— ldentifying faculty interested in engineering education research

— Deepening understanding of engineering education research

— Building engineering education research capabilities

 Workshop is NOT about

— Pedagogical practice, i.e., “how to teach”
— Convincing you that good teaching is important
— Writing engineering education research grant proposals or papers

— Advocating all faculty be engineering education researchers



Levels of inquiry In
engineering education

 Level 0 Teacher
— Teach as taught

 Level 1 Effective Teacher
— Teach using accepted teaching theories and practices

 Level 2 Scholarly Teacher
— Assesses performance and makes improvements

« Level 3 Scholar of Teaching and Learning
— Engages in educational experimentation, shares results

 Level 4 Engineering Education Researcher
— Conducts educational research, publishes archival papers

Source: Streveler, R., Borrego, M. and Smith, K.A. 2007. Moving from the “Scholarship of Teaching and
Learning” to “Educational Research:” An Example from Engineering. Improve the Academy, Vol. 25, 139-149.



Workshop Intentions / Participant Learning
Outcomes

1. Describe key features of engineering education research

2. Explain emergence of engineering education research as
a discipline

3. Describe recent reports and their relevance for and
relationship with engineering education research

4. Summarize growth of engineering education research

5. Speculate on the future of engineering education
research



Some history about this workshop

* Rigorous Research in Engineering Education (RREE1)
— One-week summer workshop, year-long research project
— Funded by National Science Foundation (NSF), 2004-2006
— About 150 engineering faculty participated

 Goals

— ldentify engineering faculty interested in conducting engineering
education research

— Develop faculty knowledge and skills for conducting engineering
education research (especially in theory and research methodology)

— Cultivate the development of a Community of Practice of faculty
conducting engineering education research



Theory

(study grounded in theory/conceptual framework)

Research that
makes a difference . ..
In theory and practice

Research Practice
(appropriate design and methodology) (implications for teaching)

http://inside.mines.edu/research/cee/ND.htm



http://inside.mines.edu/research/cee/ND.htm

Use (Applied)
No Yes

. Use-inspired
Pure basic research P

Yes (Bohr) basic research

(Pasteur)

Understanding
(Basic)

Pure applied
research
(Edison)

Source: Stokes, D. 1997. Pasteur’s quadrant: Basic science and technological innovation. Washington, DC:
Brookings Institution.


http://www.brookings.edu/press/Books/1997/pasteur.aspx
http://www.brookings.edu/press/Books/1997/pasteur.aspx

Follow-up proposal (RREE2)

 Includes a series of 5 short courses*
— Fundamentals of Engineering Education Research
— Selecting Conceptual Frameworks
— Understanding Qualitative Research
— Designing Your Research Study

— Collaborating with Learning and Social Scientists

*Recorded and posted on CLEERhub.org



1)

2)

3)

4)

|dentify principal features of engineering
education research

Frame and situate research questions and
methodologies

Gain familiarity with several print and
online resources

Become aware of global communities and
their networks



What does high-quality research
in your discipline look like?

« What are the qualities, characteristics, or standards
for high-quality research in your discipline?

« Think of it this way: "Research in my field is high-
quality when....”

(&= Individually, list the qualities, characteristics or
standards in your discipline

(&= Compare your lists, and as a group, develop a list

of high-quality research qualities, characteristics or
standards




*  (Workshop list) * (Workshop list)



 What are the qualities, characteristics, or standards for
high-quality education research in your discipline?

& Individually, list:

1) Which qualities, characteristics, or standards identified in the
previous list DO NOT apply?

2) What qualities, characteristics, or standards can you
envision that are DIFFERENT for education research?

As a group, combine your lists.
&



Guiding principles for
scientific research in education

1. Pose significant questions that can be
investigated empirically

2. Link research to relevant theory

3. Use methods that permit direct investigation
of the question

4. Provide coherent, explicit chain of reasoning

— 2. Replicate and generalize across studies
6. Disclose research to encourage professional

scrutiny and critique

(&— ° How do our lists compare with the NRC six?

(&= ° Isagloballist possible? Do cultural contexts matter?

Source: Scientific Research in Education, National Research Council, 2002


http://www.nap.edu/catalog.php?record_id=10236
../../../../Application Data/CCLI-ND-RigorousResearch/RREE-2/Workshops/Lohmann-Smith-NSC_Workshop_Taiwan-109/Hypertext Files/NRC Ques 1.ppt
../../../../Application Data/CCLI-ND-RigorousResearch/RREE-2/Workshops/Lohmann-Smith-NSC_Workshop_Taiwan-109/Hypertext Files/NRC Ques 2.ppt
../../../../Application Data/CCLI-ND-RigorousResearch/RREE-2/Workshops/Lohmann-Smith-NSC_Workshop_Taiwan-109/Hypertext Files/NRC Ques 3.ppt
../../../../Application Data/CCLI-ND-RigorousResearch/RREE-2/Workshops/Lohmann-Smith-NSC_Workshop_Taiwan-109/Hypertext Files/NRC Ques 4.ppt
../../../../Application Data/CCLI-ND-RigorousResearch/RREE-2/Workshops/Lohmann-Smith-NSC_Workshop_Taiwan-109/Hypertext Files/NRC Ques 5.ppt
../../../../Application Data/CCLI-ND-RigorousResearch/RREE-2/Workshops/Lohmann-Smith-NSC_Workshop_Taiwan-109/Hypertext Files/NRC Ques 6.ppt
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Theories of learning

Theories of motivation

Theories of development

Theories of contextual effects

See Marilla Svinick’s Handbook — A Guidebook On Conceptual Frameworks For Research In Engineering
Education. http://cleerhub.org/resources/gb-svinicki



http://cleerhub.org/resources/gb-svinicki
http://cleerhub.org/resources/gb-svinicki
http://cleerhub.org/resources/gb-svinicki

Which comes first: framework or
observation?

Can go in either direction



Multiple theoretical frameworks

Going from framework to research question to
research study

Framework

Self-determination framework says - students’ motivation for a task is
affected by the degree of control they have over it.

Therefore

If we manipulate the degree of student control, we should see
variations in motivation levels.

Design

Different groups are given different degrees of control over the topic
and process of their project and their motivation for the project is
measured at various times throughout the semester.



Multiple theoretical frameworks

Going from observation to framework to research
question to research study and back to observation

Observation
Some students in a class participate more than others.

Possible Frameworks

Learning theory: Prior knowledge differences

*Motivation theory: Goal orientations, task value, self-efficacy
«Contextual variables: Course contingencies; classroom climate

Design possibilities
*Measure and regress level of participation on potential variables.
*Manipulate course contingencies or course practices.
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The Craft of Research

Scientific Research in Education
Journal of Engineering Education (JEE)
Thomson ISI Citation Index

Some other journals



 Silently reflect on your experience with
engineering education research

e Jot down

— What has been the most exciting opportunity
for you in this area?

— What has been the most difficult challenge
you have faced?

« Share with the person next to you



Becoming an Engineering Education

Researcher—Adams, Fleming & Smith

. Find and follow your dream.

2. Find and build community.

N O O

8.

Do your homework. Become familiar with engineering education
research.

Remember what itis like to be a student—be open to learning
and the associated rewards and challenges.

Find balance. You will feel like you have multiple identities.
Be an architect of your own career.
Wear your researcher “lenses” at all times.

Use research as an opportunity for reflective practice.

Adams, R., L. Fleming, and K. Smith. 2007. Becoming an engineering education researcher: Three researchers stories and their intersections,
extensions, and lessons. Proceedings, International Conference on Research in Engineering Education;
http://lwww.ce.umn.edu/%7Esmith/docs/Adams-Fleming-Smith-Becoming_an_engineering_education_researcher-ICREE2007.pdf



E2I-HKUST

NITTT&R

® Engineering Education Centers — Australia: UICEE, UNESCO International Centre for Engineering Education; Denmark: UCPBLEE,
UNESCO Chair in Problem Based Learning in Engineering Education; Hong Kong: E2I, Engineering Education Innovation Center, Hong Kong
University of Science and Technology; Pakistan: Center for Engineering Education Research, NUST, National University for Science and Technology;
South Africa: CREE, Centre for Research in Engineering Education, U of Cape Town; Sweden: Engineering Education Research Group, Linkoping U;
UK: ESC, Engineering Subject Centre, Higher Education Academy; USA: CELT, Center for Engineering Learning and Teaching, U of Washington;
CRLT North, Center for Research on Learning and Teaching, U of Michigan; Faculty Innovation Center, U of Texas-Austin; Engineering Learning
Center, U of Wisconsin-Madison; CASEE, Center for the Advancement of Scholarship in Engineering Education, National Academy of Engineering;
EEIC, Engineering Education Innovation Center, Ohio State University; CEER, Center for Engineering Education Research, Michigan State University.

A Engineering Education Degree-granting Departments — USA: School of Engineering Education, Purdue U; Department of Engineering
Education, Virginia Tech; Department of Engineering and Science Education, Clemson U; Department of Engineering and Technology Education, Utah
State U; Malaysia: Engineering Education PhD program, Universiti Teknologi Malaysia; India: National Institute for Technical Teacher Training and
Research; Mexico: Universidad de las Americas, Puebla



UCPBLE
North ESC

E2I-HKUST

NITTT&R
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Societies with Engineering Education Research Groups — ASEE, American Society for Engineering Education, Educational
Research Methods Division; SEFI, Société Européenne pour la Formation des Ingénieurs (European Society for Engineering Education),
Engineering Education Research Working Group; Australasian Association for Engineering Education, Engineering Education Research
Working Group; Community of Engineering Education Research Scholars, Latin America and Caribbean Consortium for Engineering Institutions

Societies with Engineering Education Research Interests — Indian Society for Technical Education, Latin American and
Caribbean Consortium of Engineering Institutions, Asociacion Nacional de Facultades y Escuelas de Ingenieria (National Association of
Engineering Colleges and Schools in Mexico), Internationale Gesellschaft fur Ingenieurpadagogik (International Society for Engineering
Education), International Federation of Engineering Education Societies, South African Engineering Education Association (SASEE)



ASEE 2011

GCEE 2009
SEFI/IGIP 2010

ASEE 2010

SASEE 2011

AAEE 2009 REES 2009

Conferences with engineering education research presentations:

+ ASEE — Annual Conference, American Society for Engineering Education, see www.asee.org

* AAEE — Annual Conference, Australasian Association for Engineering Education, see www.aaee.com.au

* FIE — Frontiers in Education, sponsored by ERM/ASEE, IEEE Education Society and Computer Society, /fie-conference.org/erm

* GCEE — Global Colloquium on Engineering Education, sponsored by ASEE and local partners where the meeting is held, see www.asee.org
* SEFI — Annual Conference, Société Européenne pour la Formation des Ingénieurs , see www.sefi.be

* REES — Research on Engineering Education Symposium, rees2009.pbwiki.com/

* SASEE - South African Society for Engineering Education,


../../CCLI-ND-RigorousResearch/RREE-2/Valpo/Hypertext Files/REES 2009.ppt
../../CCLI-ND-RigorousResearch/RREE-2/Valpo/Hypertext Files/REES 2009.ppt
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1. Engineering/STEM Education Graduate Programs

2. Engineering Education-Related Certificate Programs

3. Innovative Engineering and Inter/Cross-Disciplinary Programs

<Home

Engineering/STEM Education Graduate Programs

Institution Program Degreas Aviarded

Aimona Smte University Mary Lo Fubion Teachers College ILEd. Educational Technokoogy

PhD. in Curriculum and Insgucton with concentaton in Enginssring Education

e infa

Eh D in Eclucational Tec hnobkogy

Ph.D. in Educatonal Tac hnokogy with concentraton in &rts. ad . ancd Enginssring

Iia 2. Fulton 5chool of Enginssring

Unpzrsity of Calfornm - Berkeley Stuclies in Enginesring. Science and Mathematics (SESAME Eduzation IMA Technokogy. Science, or Math Education,

Ph D Technokxyy, Science, ar Math BEducation

Chalmers Uniarsiy of Tachnakogy {Seaden) Deparmmant of 2pplied Information Technokogy Licentmtz Enginssning Educaton Rassach

Ph.D. Englinesring Eclucation Ressach

Uniiarsity of Cincinnat School of Enginssring Edlucaton (SEE|
Clemson Uniersit Deparoment of Enginesring and Science Bducation Eh.D. Enginesring or Science Education
Unpezrsity of Kentcky Callege of Elucation - Deparonentof Science Technobegy, Enginssring and Mathematc s Fh.D. Sience, Technology, Engineering and Mathematcs Elucation
Linkdping Uniearsity (Soacan) Engjinssring Education Fessarch Group Ph.D. Engjinasring Eclucation Rassach
The College of Mew larss, Schaal of Engineering - Depamment of Technokogical Stucies AT, in Seconcary Education - Technokogy Education
MNagam Uniersity Callege of Education LS. Ed. Math, Science and Technology Education
MNorth Caroling Smte Univearsity Colka of Edlucation - Deparonant of Scienca Tachnokxgy, Enginasring, and Mathematcs Bducation FLS ane PLE. Procpam in Tachnoksgy Edlucation
Ecl.D. Prosyram in Teshnobooy Edusation
] bl u“a] ”ﬂﬁ‘ 115 Fooin: m’l P |-T|ﬂlrl ancl W'm

http://tinyurl.com/engredu



https://legacy.exchange.purdue.edu/owa/redir.aspx?C=c2b6a69d1d5a4b88a76d5bbae9ec9f7d&URL=http://tinyurl.com/engredu
https://legacy.exchange.purdue.edu/owa/redir.aspx?C=c2b6a69d1d5a4b88a76d5bbae9ec9f7d&URL=http://tinyurl.com/engredu

Engineering Education Research Networking Session

Connecting and Expanding the Engineering
Education Research (EER) and Engineering
Education Innovation (EEI) Communities

ASEE Headquarters Session T106D in partnership with the
Rigorous Research in Engineering Education Initiative
(DUE 0817461)
http://CLEERhub.org

Facilitated By

Karl A. Smith Ruth A. Streveler
Purdue University and Purdue University
University of Minnesota

Slides posted - http://www.ce.umn.edu/~smith/links.html



Time

o Allotted
Activity
Introduction of session and facilitators 5
Brief report on status of EER & EEI
Update on RREE — CLEERHub.org (Collaboratory for Engineering 10
Education Research)
Update on EER — NRC DBER report 5
Update on EEI — ASEE Innovation with Impact & NAE FOEE 10
Participant Networking
Rapid introductions around guided questions — Four to five 25
conversations in groups of 3 — as a way to meet many people
|dentification of “intellectual neighborhoods” around research and 5
innovation questions and opportunities — individual reflection and
writing
Brainstorming on strategies to connect, expand, and sustain the emerging 10
EER and EEI communities
Summary of ideas for (1) local, (2) national — conferences, etc. and (3) 5
virtual community
Individuals share reflections with the large group, facilitators sum up the 10

session and participants complete feedback forms
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Funded by the

«m~ National Science Foundation
2 through awards DUE 0341127
and DUE 0817461

Expanding and sustaining research
capacity in engineering and
technology education: Building on
successful programs for faculty and
graduate students

Collaborative partners: Purdue (lead),

Alverno College, Colorado School of

Mines, Howard University, Madison
Aprea Technzcal College, National

Academy of Engineering
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5 Short

Courses
New
Programs How People
Learn

Engineering

Curriculum
Research Development

on Impact Workshop

Virtual
Community
CLEERhNub.org
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CLEERHUB

Collaboratory for Engineering Education Research

[} cleerhub - Home

Collaboratory for Engineering Education Research

Members Events Al

Welcome to CLEERhub.org!

1 n to address the continued
loping € ‘education researchers by leveraging the
success of past NSF-funded programs such as RREE, ISEE and CAEE and
the expertise gained by various project team members.

CLEERhub.org is part of a NSF-funded project called Expanding and
sustaining research capacity in engineering and technology education:
Building on successful programs for faculty and graduate students (DUE-

Getting Startedlin Educational | SUadn Sl SO

Research

Register »

Guide Books | Rigorous Research in Engineering Education & Collaborate
Building a Network of Mentors Creating a Community of Practice (PPT) ) Upload Content
Quantitative Research in Education Workshops Shateyour matenalsoninisisie
>,
F
Conceptual Frameworks For Research 23 O a User group

Malaysia 2010: Qualitative Research

Share things in private with your colleagues
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Objectives

* Explore available resources for your use.

® Share information about upcoming
improvements.

RIGOROUS RESEARCH
ENGINEERING EDUCATION




CLEERhhub’s Vision & Mission

Vision:
- To be the leader in engineering education
research content and collaborative opportunities.
Mission:
- Partnering with the community to develop
engaging and useful content.

- Continually improving user experience with
regards to information availability, platform ease
of use, and tools that enable collaboration.

RIGOROUS RESEARCH
ENGINEERING EDUCATION




What’s Available Now

Some of our most

popular resources:

— Fundamentals of
Engineering
Education Research

— Qualitative and
Quantitative Research

Methods Example of a Learning Module.
— Exploring How People
Learn Engineering

RIGOROUS RESEARCH
ENGINEERING EDUCATION




What’s Coming Up

" Expanding accessibility by adopting the
HTML 5 standard.

— This enables users to access content via tablets
and mobile devices.

" Self-scoring quizzes to help you gain insight
into your understanding.

RIGOROUS RESEARCH
ENGINEERING EDUCATION




Self-Scoring Quizzes

" Many of our resources will have self-scoring quizzes
to help you gain insight into your understanding.

CLEERhub

Collaboratory for Engincering Ed

CLEERNhub

Select the components of the Research Question (RQ).
(Select all that apply)

N . \ X Research methodology
Select the components of the Research Question (RQ).

(Select all that apply)

/ Prior literature in the area

 Theoretical framework

When linking the research question (RQ) to your claim, what important questions should you

Comsoot 0.99/0.99

(Select all that apply)
 What eviden
 Ho Id y

 Ho 1d you justify why the particular evidence you are collecting is valid in support of yo

To support your claim you need to...

of the above

er an example where you are looking at freshman, or, and senior engineering students. You g ; g
o theom £ of thoir idontifica tho finld o ho )

RIGOROUS RESEARCH

ENGINEERING EDUCATION



I Want More Information!

Request more info from Or...
your mobile phone.

Complete the request for more
information from a computer. We’ve
shortened the URL to make it easier
to write down.

hetp://bit.ly/Lj32zb6

RIGOROUS RESEARCH
ENGINEERING EDUCATION




Recent Reports/Initiatives

National Research Council Discipline-Based
Education Research (DBER)

— http://www.nap.edu/catalog.php?record 1d=13362

ASEE Innovation with Impact report

— http://lwww.asee.org/about-us/the-organization/advisory-
committees/Innovation-with-Impact

NAE Engineering Education Research and

Innovation Activities

Froyd, J.E., Wankat, P.C. & Smith, K.A. (2012). Five
major shifts in 100 years of engineering education.
Proceedings of the IEEE

— http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=061
85632



SCIENCE EDUCATIO SRRt iEC - el

Discipline-Based Education
Research (DBER)

Understanding and Improving
Learning in Undergraduate Science
and Engineering

http://www.nap.edu/catalog.php?record _id=13362




Undergraduate Science and
Engineering Education: Goals

* Provide all students with foundational knowledge
and skills

* Motivate some students to complete degrees in
science or engineering

e Support students who wish to pursue careers in
science or engineering




Undergraduate Science and Engineering
Education: Challenges and Opportunities

* Retaining students in courses and majors

* Increasing diversity

* Improving the quality of instruction




What is Discipline-Based
Education Research?

 Emerging from various parent disciplines

* |nvestigates teaching and learning in a given
discipline

* Informed by and complementary to general research
on human learning and cognition




Study Charge

e Synthesize empirical research on undergraduate
teaching and learning in physics, chemistry,
engineering, biology, the geosciences, and
astronomy.

 Examine the extent to which this research currently
influences undergraduate science instruction.

e Describe the intellectual and material resources that
are required to further develop DBER.




Committee on the Status, Contributions, and Future
Directions of Discipline-Based Education Research

SUSAN SINGER (Chair), Carleton
College

ROBERT BEICHNER, North Carolina
State University

STACEY LOWERY BRETZ, Miami
University

MELANIE COOPER, Clemson
University

SEAN DECATUR, Oberlin College

JAMES FAIRWEATHER, Michigan
State University

KENNETH HELLER, University of
Minnesota

KIM KASTENS, Columbia University

MICHAEL MARTINEZ, University of
California, Irvine

DAVID MOGK, Montana State
University

LAURA R. NOVICK, Vanderbilt
University

MARCY OSGOOD, University of
New Mexico

TIMOTHY F. SLATER, University of
Wyoming

KARL A. SMITH, University of
Minnesota and Purdue University

WILLIAM B. WOOD, University of
Colorado




Structure of the Report

e Section I. Status of Discipline-Based Education
Research

e Section Il. Contributions of Discipline-Based
Education Research

e Section Ill. Future Directions for Discipline-
Based Education Research




Section |. Status of Discipline-Based
Education Research




Status of DBER: Goals

Understand how people learn the concepts, practices, and
ways of thinking of science and engineering.

Understand the nature and development of expertise in a
discipline.
Help to identify and measure appropriate learning objectives

and instructional approaches that advance students toward
those objectives.

Contribute to the knowledge base in a way that can guide the
translation of DBER findings to classroom practice.

|dentify approaches to make science and engineering
education broad and inclusive.




Status of DBER: Types of
Knowledge Required To Conduct DBER

Deep disciplinary knowledge

The nature of human thinking and learning as they
relate to a discipline

Students’ motivation to understand and apply
findings of a discipline

Research methods for investigating human thinking,
motivation, and learning




Status of DBER: Conclusions

e DBER is a collection of related research fields rather
than a single, unified field. (Conclusion 1)

* High-quality DBER combines expert knowledge of:
— a science or engineering discipline,
— learning and teaching in that discipline, and

— the science of learning and teaching more
generally.

(Conclusion 4)




Section Il. Contributions of
Discipline-Based Education Research




Contributions of DBER: Conceptual
Understanding and Conceptual Change

In all disciplines, undergraduate students have
incorrect ideas and beliefs about fundamental
concepts. (Conclusion 6)

Students have particular difficulties with concepts
that involve very large or very small temporal or
spatial scales. (Conclusion 6)

Several types of instructional strategies have been
shown to promote conceptual change.




Contributions of DBER: Problem Solving
and the Use of Representations
* As novices in a domain, students are challenged by

important aspects of the domain that can seem easy
or obvious to experts. (Conclusion 7)

e Students can be taught more expert-like problem-
solving skills and strategies to improve their
understanding of representations.




Contributions of DBER:
Research on Effective Instruction

e Effective instruction includes a range of well-
implemented, research-based approaches.
(Conclusion 8)

* Involving students actively in the learning process
can enhance learning more effectively than lecturing.




Section Ill. Future Directions for
Discipline-Based Education Research




Future Directions for DBER: Translating

DBER into Practice

Available evidence suggests that DBER and related research have
not yet prompted widespread changes in teaching practice among
science and engineering faculty. (Conclusion 12)

Efforts to translate DBER and related research into practice are
more likely to succeed if they:

are consistent with research on motivating adult learners,

include a deliberate focus on changing faculty conceptions about teaching and
learning,

recognize the cultural and organizational norms of the department and
institution, and

work to address those norms that pose barriers to change in teaching practice.
(Conclusion 13)




Future Directions for DBER: Recommendations
for Translating DBER Into Practice

e RECOMMENDATION: With support from institutions,
disciplinary departments, and professional societies, faculty
should adopt evidence-based teaching practices.

« RECOMMENDATION: Institutions, disciplinary departments,
and professional societies should work together to prepare
current and future faculty to apply the findings of DBER and
related research, and then include teaching effectiveness in
evaluation processes and reward systems throughout faculty
members’ careers. (Paraphrased)




Future Directions for DBER: Advancing
DBER through Collaborations

* Collaborations among the fields of DBER, and
among DBER scholars and scholars from
related disciplines, although relatively limited,
have enhanced the quality of DBER.
(Conclusion 15)




Future Directions for DBER:
Research Infrastructure

e Advancing DBER requires a robust infrastructure for
research. (Conclusion 16 )

* RECOMMENDATION: Science and engineering
departments, professional societies, journal editors,
funding agencies, and institutional leaders should:

— clarify expectations for DBER faculty positions,
— emphasize high-quality DBER work,

— provide mentoring for new DBER scholars, and

— support venues for DBER scholars to share their research findings




Future Directions for DBER: Some Key
Elements of a Research Agenda

Studies of similarities and differences among
different groups of students

Longitudinal studies
Additional basic research in DBER

Interdisciplinary studies of cross-cutting concepts
and cognitive processes

Additional research on the translational role of DBER
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Status, Contributions, and Future Direction of Discipline-Based
Education Research (DBER)

The Mational Science Foundation has funded a synthesis study on the status, contributions, and
future direction of discipline-based education research (DBER) in physics, biological sciences,
geosciences, and chemistry, DBER cormbines knowledge of teaching and learning with deep
knowledge of discipline-specific science content, It describes the discipline-specific difficulties
learners face and the specialized intellectual and instructional resources that can facilitate student

understanding,

This 30-month study will build on two warkshops held in 2008 to explore Evidence on Promizing
Practices in Undergraduate Science, Technology, Engineering, and Mathematics (STEM) Education. It will
answer questions that are essential to advancing DBER and broadening its impact on
undergraduate science teaching and learning. An interdisciplinary panel of experts will synthesize
empirical research on undergraduate teaching and learning in the sciences; explore the extent to
which this research currently influences undergraduate instruction; and identify the intellectual
and material resources required to further develop DBER.

The final product will be a consensus report that will provide guidance for future DBER research.
In addition, the findings and recommendations of this study may invite, if not assist,

postsecondary institutions to;

® increaze interest and research activity in DBER, and improve itz quality and usefulness, across al
natural science disciplines

® guide instruction and assessment across natural science courses to improve student learning

® bring grester focus to izsues of student attrition in the natural =ciences that are related to quality

of instruction

MEETINGS LOCATION RESOURCES
Committee Meeting 1 Keck Center, Room 101 Agenda
June 28-29, 2010 500 5" Street, M
Wiashington, OC
Committes Meeting 2 Keck Center, Room 201 Agenda Presentations |Commissioned
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October 15-19, 2010 500 57 Strest, N includes links Fapers
Washington, OC o papers
({limited space) i) )
presentations
Committee Meeting 3 Beckrnan Center Agenda Commizsioned Papers

Committee Meeting 4

Keck Center,
5005 Street, MW
Wiashington, DC
(limited space)

Agenda

Commissioned Papers

Committes Meeting 5

Jonsson Center
Wwoods Haole, Ma

This meeting is closed to the public
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Committee Membership
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Matalie Mielsen Study Director
Heidi Schweingruber, Deputy Directar, BOSE
Margaret Hilton, Senior Program Officer, BOSE

Anthony Brown, Senior Program Assistant, BOSE
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DBER_Homepage.hjtml




Emphasis on Innovation

 ASEE Innovation with Impact report

— Excerpt from Presentation by Leah Jamieson,
Dean, College of Engineering, Purdue

 NAE Engineering Education Research and
Innovation Activities

— Briefing by Beth Cady, Program Officer,
Engineering Education, National Academy of
Engineering

81
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Creating a Culture for Scholarly
and Systematic Innovation in

Engineering Education
Ensuring U.5. engineering has the right people
with the right talent for a global society
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Seven Recommendations for Innovation
with Impact

Who
1. Grow professional development in teaching and learning.
2. Expand collaborations.

What

3. Expand efforts to make engineering more engaging,
relevant, and welcoming.

How

4. Increase, leverage, and diversify resources for engineering
teaching, learning, and innovation.

5. Raise awareness of proven practices and of scholarship in
engineering education.




Seven Recommendations for
Innovation with Impact (continued)

Creating a Better Culture

To measure progress in implementing policies, practices,
and infrastructure in support of scholarly and systematic
innovation in engineering education:

6. Conduct periodic self-assessments in our individual
Institutions.

7. Conduct periodic community-wide self-assessments.




/w/

National Academy of Engineering

Engineering Ed Innovation Activities

Beth Cady
ing Education
ady@nae.edu
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er for the Advancement of
Scholarship on Engineering Education

Created to foster continuous improvement

Extensive set of resources at www.nae.edu/casee

e Research-to-Practice documents
e Meeting agendas and reports of CASEE projects
e Equity-related resources

. e NATIONAL ACADEMY OF ENGINEERING About NAE  Publisatons  4ctivries  Members

: E?‘;f CASTE it
e Summaries

Please help us organize the | -~ oo ®-
site! iy
e Search terms, categories R
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Real-World Engineering Education

* Sponsored by AMD

* Innovative programs
infusing real-world
experiences

* Final publication to be
released over the summer

* Includes program
description and discussion
of barriers/solutions




N

Frontiers of Engineering Education (FOEE)

Catalyze a vibrant
community of emerging
engineering education
leaders

Recognize faculty
accomplishment, facilitate
learning, broaden
collaboration, and promote
dissemination of innovative
practice in engineering
education




FOEE (continued)

Attendees share their
work with peers

Speakers on topics of
interest to attendees

Speakers/Coaches
provide mentoring
advice

Opportunities to
network with peers and
coaches

150 alums

Nominations for
2012 currently open
e Nominations from
dean or NAE
member
e Applications due in
July
Symposium will be
October 14-17 in
Irvine, CA
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Five Major Shifts in 100 Years
of Engineering Education

The authors discuss wha has reshaped, o

r i currently reshaping, engineering

education over the past M) years up until the current emphasis on design,
leaming, and social-behavioral sciences research md the role of technalagy.
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1. a shift from hands-on and
practical emphasis to engineering
science and analytical emphasis;

2. a shift to outcomes-based
education and accreditation;

3. a shift to emphasizing
engineering design;

4. a shift to applying education,
learning, and socialbehavioral
sciences research;

5. a shift to integrating information,
computational, and
communications technology in
education.
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The Challenges of
Spreading and
Sustaining Research-
Based Instruction in
Undergraduate STEM

Charles Henderson

*Western Michigan University
homepages.wmich.edu/~chenders

119*" ASEE Conference & Exposition
June 13, 2012
San Antonio, TX

http://homepages.wmich.edu/~chenders/Publications/2012HendersonASEETalk.pdf



What are options in approaching change?

Intended Outcome

Prescribed Emergent
)
o
S Disseminating: Developing:
aEa Individuals  Curriculum and Reflective
‘i Pedagogy Teachers
(V]
G
o
‘g Environments Developing: Developing:
5 and Structures Policy Shared Vision

Henderson, C., Finkelstein, N., & Beach, A. (2010). Beyond dissemination in college science teaching: An introduction to four core change
strategies. Journal of College Science Teaching, 39(5), 18-25.



Change and Resistance

* Resistance is inevitable.




Change and Resistance

e Resistance is inevitable.
* Options
— lgnoring resistance seldom works

— Trying to steamroll resistance seldom works, e.g.,
you will be convinced by my data

— Anticipate and address resistance offers better
results

— Engaging resistance tends to offer the best
results

Mauer, R. (1996). Beyond the Wall of Resistance: Unconventional Strategies that Build Support for Change. Austin, TX:
Bard Press.



 Silently reflect on your interests and plans for
applying and/or supporting engineering
education research, or becoming an
engineering education researcher.

 Jot down

— What do you plan to do next?

— What are your longer range plans?
« Share with the person next to you



Thank you!

An e-copy of this presentation will be posted to:
http://CLEERhub.org
http://www.ce.umn.edu/~smith/links.htm|

HKUST Summer Workshop on Engineering Education Innovation — 29 June, 2012



