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Five Major Shifts in 100 Years
of Engineering Education

The quthors discuss what has reshaped, or & curnently reshaping, engineering
education over the past 100 years up unfil the current emphasis on design,
leaming, and social—behavioral sciences research and the role of technolagy.
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. a shift from hands-on and practical

emphasis to engineering science and
analytical emphasis;

. a shift to outcomes-based education

and accreditation;

. a shift to emphasizing engineering

design;

a shift to applying education,
learning, and social-behavioral
sciences research;

. a shift to integrating information,

computational, and communications
technology in education.

http://ieeexplore.ieee.org/xpl/articleDetails.jsp?reload=true&tp=&arnumber=6185632



Studies of Engineering Education

* Mann, Charles Riborg. 1918. "A Study of Engineering
Education.” Carnegie Foundation for the Advancement of
Teaching, New York.

" Society for the Promotion of Engineering Education. 1930.
"Report of the Investigation of Engineering Education 1923-
1929."Pittsburgh, PA. (Wickenden Report

" Hammond Report. 1940.

" Report on Evaluation of Engineering Education. 1955.
(Grinter)

" Goals Committee. 1968. "Goals of Engineering Education:
Final Report of the Goals Committee." American Society for
Engineering Education, Washington DC.

“Engineering Education for a Changing World. 1994. (Green)

https://www.asee.org/member-resources/reports



Mann Report (1918) Principal Points

= Waste occurring in educational efforts arising from lack
of coordination

= Regulation of admission — At present sixty percent of
those who enter fail to graduate

= Packed curriculum and lock-step course sequences
" Necessity of a common core

" Emphasize the problems of values and costs

https://www.asee.org/member-resources/reports
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Otis Lancaster’s Influences

* Developed and hosted Summer Institute on Effective Teaching for
Young Engineering Teachers in the 1960s.

* Mentioned by Larry Grayson and Dave Voltmer in Engineering Education
Profiles as very influential - http://depts.washington.edu/celtweb/pioneers-wp/

* Effective Teaching and Learning. Gordon & Breach Science Pub, 1974

* ASEE President’s Messages — “Do we Believe in...”
* Teaching? December 1977

* Laboratories? January 1978

* The Social-Humanistic Stem? February 1978
* Engineering Research? March 1978

* ASEE? April 1978

* Communications? May 1978



Do we believe in ...

*Theory? E.g., Learning theory?

* Evidence? E.g., Evidence-based
instructional practices?

Effective

N¢s Teaching

Chapter 1. Learning Objectives

Chapter 2. Concepts About Learning

Chapter 5. Planning for Achievement

Chapter 15. Measuring Teaching Effectiveness

Chapter 16. Curriculum Design
Let’s be engineers in our educational work
Let’s engineer education

Chapter 17. Research for Learning Achievement
The battle cry for this book is “Become
Better Learning Leaders”

and
Learning
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ASEE Reports - A Path Forward

........

Creating a Culture for Scholarly
and Systematic Innovation in

Engineering Education
Ensuring L.5. engineering has the right people
with the right talent for a global society




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.

/. Conduct periodic community-wide self-assessments.

https://www.asee.org/member-resources/reports/Innovation-with-Impact
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EDUCATING
ENGINEERS

Designing for the
Future of the Field

Sheri D, Sheppard
Kelly Macatangay
Anne Colby
William M. Sullivan

eyt b il Relaraarial

Sheppard, S.D., Macatangay,
K., Colby, A., Sullivan, W.M.
2008. Educating Engineers:
Designing for the Future of
the Field. Jossey-Bass.

Illil- | School of Engineering

The global state of the art
in engineering education

DR RUTH GRAHAM

New Engineering Education
Transformation
Massachusetts Institute of
Technology

neet.mit.edu
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. a shift from hands-on and practical

emphasis to engineering science and
analytical emphasis;

. a shift to outcomes-based education

and accreditation;

. a shift to emphasizing engineering

design;

a shift to applying education,
learning, and social-behavioral
sciences research;

. a shift to integrating information,

computational, and communications
technology in education.

http://ieeexplore.ieee.org/xpl/articleDetails.jsp?reload=true&tp=&arnumber=6185632



Cooperative Learning Introduced

to Engineering — 1981

Smith, K.A., Johnson, D.W. and
Johnson, R.T., 1981. The use of
cooperative learning groups in
engineering education. In L.P.
Grayson and J.M. Biedenbach
(Eds.), Proceedings Eleventh
Annual Frontiers in Education
Conference, Rapid City, SD,
Washington: |IEEE/ASEE, 26-32.

Structuring Learning Goals
To Meet the Goals of
Engineering Education

Karl A. Smith,
David W. Johnson, and Roger T. Johnson
University of Minnesota

The growing concern about engi-
neering education in the United
States has been the subject of many
recent editorials and articles.* They
point to the deteriorating quality of
engineering and science education,
the lack of adequate preparation in
mathematics and science on the part
of high school graduates, the shart-
age of engineers, and,

the development of implementation
skills for converting knowledge ino
action.

Interpersonal competence requires
the development of the cognitive, af-
fective and behavioral prerequisites
for working with others (o perform a
task.' Among the skills required are
communication, constructive con-
flict interpersonal

shortage of college teachers of engi-
neering. Unless corrective measures
are taken, it may be mare difficult in
the coming years to achieve the
goals of enginecring education and
to meet the needs of engineering stu-
dents.

Goals of Engineering Education

The three major goals of engineer-
ing education are io promote techno-
logical, interpersomal, and social-
technical competencies in engineer-
ing students. The achievement of
technological competence requires
the mastery and retention of science
and engincering facts, principles,
theories and analytical skills; the de-
velopment of synthesis, design, mod-
eling and problem solving skills; and

prablem solving, joint decision mak-
ing and perspective-taking skills. In-
terpersonal competence is becoming
increasingly important for engineers
due to the tremendous technical
complexity and the societal con-
straints of most problems. Engineers
must now, more than ever, work with
other engincers and scientists, econo-
mists, educalors, consumer groups,
and government regulatory agencics
1o reach satisfactory and mutually
acceptable designs for future tech-
nology.

Social-technical competence re-
quires gaining an understanding of
the complex inter ies be-

the i between society and
technology.

Needs of Engineering Graduates

Many studies have been con-
ducted on engineering education
since it began at West Point in 1792,
and these have been well summa-
rized.’ The earliest study (by Mann
in 1918) called for a return to the
basics: each of the subsequent ones
emphasized diversity and a broad
education,” and their general find-
ings have been summarized by
Cheit® in the following three state-
ments:

1) There is renewed concern that,
despite many efforts, engineering
education is not yet incorporating
what is called the “humanistic-so-
cial,” “liberal,” or “general” pans of
the students’ education.

2) Engincering education must be
more broadly applied, that is, engi-
neers must build bridges between
science and the needs of socicty.

3) Engineers must be made deci-
sion makers, since, despit grow-
ing importance of engineering to
American hife, engineers have not
taken a correspondingly important
part in the decision-making process.

The recommendations of these
studies are similar and recurrent, but
the need for change in engincering
education remains. Currently, there
appears 1o be a move away from the
image of applied science in engineer-
ing education.® The basis of this ap-
parent change is the growing realiza-
tion that technaological and economic
feasibility are not the sole or even
the main determinants of what engi-
neers do. Ecological, social, cultural,
psychological and political influ-
ences are equally important.

The results of the major studics of
ing education tie in closely

tween technology and society, of the
influence of technology on individual
and collective behavior and on the
natural environment. Esseatially, so-
cial-technical competence invalves

*See, for example, recent issues of
Engineering Education (e.g., April
1981) and Science {e.g. “Trouble in
Scicnee & Engineering Education,” by
J. Walkh, vol. 200, nc. 4470, 1980.)

persg king on a large scale
that encompasses historical, social,
psychological, and philesophical
viewpoints, as well as an understand-
ing of the basic premises underlying

with the need for developing social-
technical competence and interper-
sonal competence in engincering
graduates. Supporting this need, a
major study at the University of
California, Los Angeles, concluded
that every engincering graduate
must be capable of communicating
with and working with people of
other professions to solve the inter-

ENGINEERING EDUCATION: Decamber 1981 © 231

https://karlsmithmn.crg/wp-content/uploads/2017/08/Smith-Johnson-Johnson-Structuring_Learning-JEE-1981.pdf




What Matters in College

* Environmental factors most predictive
of positive change in students’
academic development, personal
development, and satisfaction:

* Interaction among students and
* Interaction between faculty and
students

Astin (1985) What Matters in College:
Four Critical Years Revisited. Jossey-Bass



Undergraduate Teaching Faculty: The 2013-2014 HERI Faculty Survey
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Figure 2. Changes in Faculty Teaching Practices, 1989 to 2014
(% Marking “All” or“Most” Courses)
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http://heri.ucla.edu/monographs/HERI-FAC2014-monograph.pdf



http://heri.ucla.edu/monographs/HERI-FAC2014-monograph.pdf

Undergraduate Teaching Faculty, 2011*

. All other | All other
Methods Used in “All” or “Most”
women men

Cooperative learning 60% 72% 53%
38% 29%
10% 16%
54% 47%
29% 44%

Group projects 36%
Grading on a curve 17%
Student inquiry 43%

Extensive lecturing 50%

*Undergraduate Teaching Faculty. National Norms for the 2010-2011 HERI Faculty
Survey, www.heri.ucla.edu/index.php.
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Session T1A

Cooperative Learning: Lessons and Insights from
Thirty Years of Championing a Research-Based
Innovative Practice

Karl A, Smith
Purdue Umversity & University of Minnesota, ksmith{@umn.edu

Abstract - Innovation according to Denning and Dunham
(2010) is *“the adoption of a new practice in a
community.” I argue that our innovations need to be
based on good learning theory and good instructional
practice. The Johnson and Johnson conceptual model of
cooperative learning is an excellent example of a widely
adopted evidence-based practice. I identified cooperative
learning as important for engineering education in about
1974, tried it in my classes and did some systematic
research on it with David and Roger Johnson, introduced
it to the engineering education community in 1981 (FIE
conference and JEE paper), and it took over 25 years for
it to become widespread practice. My point in presenting
this story is I don't think we can afford to wait 25 or
more years for the current innovations to make it into
practice. This paper summarizes the history of the
emergence of cooperative learning in  engineering
education; documents the development of the theoretical,
empirical, and practical support; maps the milestones
and lessons learned: and provides insights and guidance
for engineering education researchers and innovators
especially concerning increasing the rate of adoption of
evidence-based promising practices.

Index Terms — cooperative learning, evidence-based
promising practice, engineering education research and
mnovation

CLARIFICATION

Since there is the possibility of a confusion of terms, I'm
starting with the definiion of cooperative learning and
highlighting how it 15 different from collaborative leamning
and cooperative education (or co-op). [Note: Thanks to the
anonymous reviewer who recommended this addition]

Cooperative learning is the instructional use of small groups
s0 that students work together to maximize their own and
each others’ learning (Johnson and Johnson, 1974; Smith,
Johnson and Johnson, 1981; Johnson, Johnson and Smith,
1991). Carefully structured cooperative learning involves
people working in teams to accomplish a common goal,
under conditions that involve both positive interdependence
(all members must cooperate to complete the task) and
individual and group accountability (each member
individually as well as all members collectively accountable
for the work of the group).

978-1-61284-469-5/11/$26.00 ©2011 IEEE

A common question is, “What is the difference between
cooperative and collaborative learning?” Both pedagogies
are aimed at “marshalling peer group influence to focus on
intellectual and substantive concerns™ (Matthews, etal,
1995). The principal difference 1s that cooperative learning
requires  carcfully structured individual accountability,
whereas collaborative learning does not. Oxford (1997)
summarizes the differences as follows, “Cooperative
learning refers to a particular set of classroom techniques
that foster learner interdependence as a route to cognitive
and social development. Collaborative learning has a "social
constructivist” philosophical base, which views leaming as
construction of knowledge within a social context and which
therefore encourages acculturation of individuals into a
learning community.”

Another potential source of confusion 1s cooperative
education (or co-op), which 1s “is a structured method of
combining classroom-based education with practical work
experience. A cooperative education experience, commonly
known as a "co-op", provides academic credit for structured
Jjob experience” (Auld, 1972)

HISTORY

[Note: History and Concurrent Developments sections were
adapted from Smith (2010)]

My first encounter with cooperative learning occurred in
about 1974 in a Social Psychology of Education course
taught by one of David Johnson’s PhD students, Dennis Falk
who is currently a Professor of Social Work at the
University of Minnesota — Duluth. I began taking courses in
the College of Education in the early 70s because 1 had an
overwhelming sense that there was a better way to help
engineering students learn than what I was doing, which was
essentially what had been done to me, that 1s, lecture,
homework assignments and individual exams. This
overwhelming sense of a better way of doing things was
prompted by questions the students asked, which revealed
that they had no idea what 1 was talking about A
representative setting was a course in thermodynamics and
kinetics — very abstract arcas involving a lot of mathematics
— where I was “teaching as taught.” My sense that there was
a better way was grounded in my training and experience as
an engineer, where one of the fundamental ideas 1s
“advancing the state-of-the-art™. What I encountered in the

October 12 - 15, 2011, Rapid City, SD

41" ASEE/IEEE Frontiers in Education Conference
T1A-1

https://karlsmithmn.org/wp-content/uploads/2017/08/Smith-FIE-CL-1240-10-draft.pdf



Eng

aged Pedagogies = Reduced Failure Rates

Evidence-based research on learning indicates that when students are

activel
fail. A
failure

y involved in their education they are more successful and less likely to
new PNAS report by Freeman et al., shows a significant decrease of
rate in active learning classroom compared to traditional lecture
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Freeman, Scott; Eddy, Sarah L.; McDonough, Miles; Smith, Michelle K.; Okoroafor, Nnadozie; Jordt, Hannah;
Wenderoth, Mary Pat; Active learning increases student performance in science, engineering, and
mathematics, 2014, Proc. Natl. Acad. Sci.



INSIGHTS

OLICY FORUM

SCIENCE EDUCATION

Anatomy of STEM teaching in
North American universities

Lecture is prominent, but practices vary

By M. Stains, J. Harshman, M. K. Barker,
S. V. Chasteen, K. Cole, S. E. DeChenne-
Peters, M. K. Eagan Jr., J. M. Esson, J. K.
Enight, F. A, Laski, M. Levis-Fitzgerald,
C.J.Lee, 5. M. Lo, L. M. McDommell, T. A.
McKay, N. Michelotti, A. Musgrove, M. 5.
Palmer, K. M. Plank, T. M. Kodela, E. R.
Sanders, N. G. Schimpf, P. M. Schulte, M.
K. Smith, M. Stetzer, B. Van gh,

and governmental bodies have called for
and supported adoption of these student-
centered  strategies throughout the un-
dergraduate STEM curriculum. But to the
extent that we have pictures of the STEM
undergraduate  instructional  landsepe,
it has mostly been provided through self-
report surveys of faculty members, within
& particular STEM diseipline [eg., (3-6)].

E Vinson, L K. Weir, . J. Wendel, L. B.
Wheeler, A. M. Young

large body of evidence demonstrates
that strategies that promote student
interactions and cognitively engage
students with content (1) lead to

Such surveys are prone to reliability threats
and can underestimate the complexity of
classroom environments, and few are im-
plemented nationally to provide valid and
reliable data (7). Reflecting the limited state
of these data, a report from the U.S. Na-
tional Academies of Sdences, Engineering,

gains in learning and
outeomes for students in science,
technology, engineering, and mathematics
(STEM) courses (I, 2). Many educational

1468 20 MARCH 2015 + VOL 355 [55UE 6383

and Medicine called for imp data col-
lection to understand the use of evidence-
based instructional practices (§). We report
here a major step toward a charscteriza-

Published by AAAS

Despite numerous calls to improve student
tod by a large body ofevi

STEMel o el

tion of STEM teaching practices in North
American universities based on dassroom
observations from over 2000 classes taught
by more than 500 STEM faculty members
across 25 institutions.

Our study used the Classroom Observation
Protocol for Undergraduate STEM {COPUS)
(4), which can provide consistent assessment
of ins al practices and d im-
pacts of educational initiatives. COPUS re-
quires documenting the co-occurrence of 13
student behaviors (e, listening, answering
quistions) and 12 instructor behaviors (eg.,
lecturing, posing questions) during each
Z.min interval of a class. Our large-scale
COPUS data alow generalizations beyond
institution-level descriptions and suggest an
apportunity to resolve inonsistent findings
from recent disciplinebased education re-
search (DBER) studies. For example, STEM
faculty report that i is mare difficult to use
student-centered techniques in large dass-
rooms or less amenable physieal layouts (10),

The It of suttor afiiaions & providedin the supplementiry
rateriak, Emait e binecNBunl. ey

sciencemagorg SCIENCE

Observational study of over 2000
classes — most common behaviors:
* Faculty

O
©)

O
©)

Lecturing

Writing in real time

Posing nonrhetorical
guestions

Following-up on questions
Answering student questions
Clicker questions

e Students

©)
©)

O

http://science.sciencemag.org/content/sci/359

/6383/1468.full.pdf

20

Listening to instructor
Answering instructor
guestions

Asking questions



http://science.sciencemag.org/content/sci/359/6383/1468.full.pdf

Thoughts on the Future: Emphasize
Big Ideas (Enduring Outcomes)*

! How People Learn

! Streamlined Course Design

1 Alignment of Outcomes, Assessment and Instruction

! Interactive Learning

*See Streveler and Smith (2020), Course design in the
time of coronavirus: Put on your designer’s CAP.
Advances in Engineering Education.



Learning Requires®

deliberate

distributed

practice

*Thanks to Ruth Streveler for these slides
Also see Brown, P.C., Henry L. Roediger Ill, H.L., & Mark A. McDaniel, M.A. (2014). Make It Stick:
The Science of Successful Learning. Belknap Press: An Imprint of Harvard University Press
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The Engineering Design Process Vvs.
Streamlined Course Design Process

Engineering

Design

Determine
requirements/
specifications

Develop or use
established metrics
to measure against

outcomes

Plan and develop
process, system,
etc. to implement

results
" )
e 1
Determine
o acceptable
evidence
\_ )
( B

Streamlined

Course Design
Process

( N

Identify the desired

Plan learning
experiences




“It could well be that faculty members of
the twenty-first century college or
university will find it necessary to set aside
their roles as teachers and instead become
designers of learning experiences,
processes, and environments.”

James Duderstadt, 1999

Nuclear Engineering Professor; Former
Dean, Provost and President of the
University of Michigan




Pedagogies of Engagement
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Follow the Evidence

Discipline-based education research dispels myths about learning
and yields results = if only educators would use it.

ast year, the National Research Coun-

cil released the report Discipline-Based
Education Research: Understanding and Im-
proving Learning in Undergraduate Science
and Engineering. That consensus study, on
which we served as committes members,
brought together experts in physics, chem-
istry, biology, the geosciences, astronomy,
and engineering, as well as higher education

First, many students have incorrect
understanding about fundamental con-
cepts—particularly phenomena that arenot
directly ohservable, such as those involving
very large or small scales of time and space.
Understanding how educators can help stu-
dents change these misconceptionsisin the
early stages. but DEER has uncovered some
effective instructional techniques. One

STUDENTS ARE

CHALLENGED By
KEY ASPECTS OF

ENGINEERING AnD

SCIENCE THAT CAN
SEEM EASY OR OBVIOUS

70 EXPERTS.

researchers, learning scientists, and cogni-
tive scientists to focus on how students
lesrn in particular scientific and engineer-
ing disciplines. Our key conclusion: Find-
ings from the growing field of discipline-
based education research (DEER) have yet
to spur widespread changes in the teaching
of science and engineering.

For example, research-based instruc-
tional approaches to teaching that active-
ly engage students in their own learning,
such as group projects, have been shown to
be more effective than traditional lectures.
Yet science and engineering faculty still
cling to familiar practice. While there's
no magic solution for adopting evidence-
based teaching practices, finding out what
is known about undergraduate learning in
engineering and science—and identifying
impediments to implementation in the
classroom—can point the way.

ogies” that link students’ correct knowledge
with the situation about which they harbor
false beliefs. For instance, a student may
not believe that a table can exert a force on
a book resting on its surface but accepts the
notion if a spring is placed under the same
book: Linking these two ideas, with perhaps
an intermediate of a book resting on a foam
block, can move the student toward a correct
understanding of forces.

Students also are challenged by impor-
tant aspects of engineering and science that
can seem easy or obvious to experts. When
tackling a problem, for instance, students
tend to focus on the superficial rather than
on its deep structure. Instructors may have
an “expert blind spot” and not recognize
how different the student’'s approach is
from their own, which can impede effee-
tive instruction. Several strategies appear

to improve problem-solving skills, such as
providing support and prompts—known as
“seaffolding”™—as students work their way
through problems. Another commaon issue
fior students in all disciplines is difficulty in
extracting information from graphs, models,
and simulations. Using nultiple representa-
tions in instruction is one way to move stu-
dents toward expertise.

The report recommends future DEER
research that explores similarities and
differences in learning among various stu-
dent populations, and longitudinal studies
that shed additional light on how students
acquire and retain an understanding {or
misunderstanding) of concepts. However,
we also need strategies that translate the
findings of DBER and related research
into practice. That includes finding ways
around barriers, such as the faculty re-
ward system, the relative value placed on
teaching versus research, lack of support
fior faculty learning to use research-based
practices, problems with student evalua-
tions, and workload concerns.

The report urges universities, disci-
plinary organizations, and professional
societies to support faculty efforts to use
evidence-based teaching strategies in
their clagsrooms. It also recommends col-
laboration to prepare future faculty mem-
bers who understand research findings on
learning and teaching and who value effec-
tive teaching as part of their career aspira-
tions. By implementing these recommen-
dations, engineering and scienceeducators
will make a major first step toward using
DBER to improve their practice—and
learning outcomes,

Susan Singer, the Lawence MoKiniey Sould Frofessor
of the Natwal Sclences at Canlefon Codege, chained the
Mationai Research Council committes that prepaned the
consensus study. Karl Smith, the Cooperative Laarning
Frofessar of Purdue Un'versity's Schoo! of Enginening
[Eduzation amd emeritus professor of ol anginearing
the af an
the commities. To view the report, wisi bt ecffews.nap.
eduy
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https://karlsmithmn.org/wp-content/uploads/2017/08/Last%20Word%20SUMMER%20final-1.pdf
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Thank you!

An e-copy of this presentation will be posted to:
https://karlsmithmn.org/engineering-education-research-and-

innovation/

Karl A. Smith
Purdue University and
University of Minnesota

ksmith@umn.edu
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