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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 social-behavioral 
sciences research;

5. 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)
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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 4
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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
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Do we believe in …

•Theory? E.g., Learning theory?

• Evidence? E.g., Evidence-based 
instructional practices?
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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”



Global Calls
for Reform K-12 Engineering

Research-based 
Transformation



ASEE Reports - A Path Forward



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.



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.

Seven Recommendations for 
Innovation with Impact (continued)

https://www.asee.org/member-resources/reports/Innovation-with-Impact
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Sheppard, S.D., Macatangay, 
K., Colby, A., Sullivan, W.M. 
2008. Educating Engineers: 
Designing for the Future of 
the Field. Jossey-Bass.

New Engineering Education 
Transformation
Massachusetts Institute of 
Technology
neet.mit.edu
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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.

JEE December 1981
https://karlsmithmn.org/wp-content/uploads/2017/08/Smith-Johnson-Johnson-Structuring_Learning-JEE-1981.pdf22
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• Environmental factors most predictive 
of positive change in students’ 
academic development, personal 
development, and satisfaction:
• Interaction among students and 
• Interaction between faculty and 

students

What Matters in College

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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http://heri.ucla.edu/monographs/HERI-FAC2014-monograph.pdf23

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


Undergraduate Teaching Faculty, 2011*

Methods Used in “All” or “Most”
STEM 

women
STEM
men

All other 
women

All other 
men

Cooperative learning 60% 41% 72% 53%

Group projects 36% 27% 38% 29%

Grading on a curve 17% 31% 10% 16%

Student inquiry 43% 33% 54% 47%

Extensive lecturing 50% 70% 29% 44%

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


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



Engaged Pedagogies = Reduced Failure Rates

Evidence-based research on learning indicates that when students are 
actively involved in their education they are more successful and less likely to 
fail. A new PNAS report by Freeman et al., shows a significant decrease of 
failure 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.
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http://science.sciencemag.org/content/sci/359
/6383/1468.full.pdf

Observational study of over 2000 
classes – most common behaviors:
• Faculty

o Lecturing
o Writing in real time
o Posing nonrhetorical

questions
o Following-up on questions
o Answering student questions
o Clicker questions

• Students
o Listening to instructor
o Answering instructor 

questions
o 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

 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. 
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Learning Requires*

22

deliberate

distributed

practice

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



The Engineering Design Process vs. 
Streamlined Course Design Process

Streamlined  
Course Design 

Process

Identify the desired 
results

Determine 
acceptable 
evidence

Plan learning 
experiences

Engineering 
Design

Engineering 
Design

Determine 
requirements/ 
specifications

Develop or use  
established metrics 
to measure against 

outcomes

Plan and develop 
process, system, 

etc. to implement
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“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
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Pedagogies of Engagement
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https://karlsmithmn.org/wp-content/uploads/2017/08/Last%20Word%20SUMMER%20final-1.pdf

https://karlsmithmn.org/wp-content/uploads/2017/08/Last Word SUMMER final-1.pdf


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

https://karlsmithmn.org/engineering-education-research-and-innovation/

