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Overview

1. Change is hard and it does happen

2. Why doesn’t knowing lead to doing?

3. Examples of change initiatives
1. Cooperative Learning

2. Discipline-Based Education Research (DBER) - RREE project

3. Remote Learning

4. Change studies/resources
1. Kezar – Communities of Transformation

2. Accelerating Systemic Change in STEM Undergraduate 
Education (ASCN)
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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



Previous Shifts

• Were prompted by outside forces

• Were met with resistance

• Were eventually embraced (to varying 
degrees)

• They did not change core values/practices
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• What is the future direction for the engineering 
education sector?

• The first anticipated trend is a tilting of the 
global axis of engineering education leadership.

• The second anticipated trend is a move towards 
socially-relevant and outward-facing engineering 
curricula.

• The third anticipated trend for the sector is 
therefore the emergence of a new generation of 
leaders in engineering education that delivers 
integrated student-centered curricula at scale.

“This is the future of the field, where you put the 
student at the center and use the resources to facilitate 
team projects and authentic experiences, and then put 
the taught curriculum online.”
https://jwel.mit.edu/sites/mit-
jwel/files/assets/files/neet_global_state_of_eng_edu_180330.pdf

https://jwel.mit.edu/sites/mit-jwel/files/assets/files/neet_global_state_of_eng_edu_180330.pdf


Cooperative learning is instruction that 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 is 
accountable for the complete final outcome).
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Cooperative Learning: An Evidence-Based 
Practice for Interactive Learning



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



Effectiveness of Interactive Learning

▪ Johnson, D. W., R. T. Johnson, and K. A. Smith. 2014. 
Cooperative Learning: Improving University Instruction by 
Basing Practice on Validated Theory. In Small-group Learning 
in Higher Education: Cooperative, Collaborative, Problem-
based, and Team-based Learning, Journal on Excellence in 
College Teaching 35, nos.3 and 4.

▪ Meta-analyses in the Proceedings of the National Academy 
of Sciences (PNAS) summarize the importance of interactive 
learning for 
▪ reducing the failure rate (Freeman, et.al. 2014) 

https://www.pnas.org/content/111/23/8410
▪ narrowing the achievement gap for underrepresented students 

(Theobald, et.al. 2019) 
https://www.pnas.org/content/117/12/6476

12

http://celt.miamioh.edu/ject/fetch.php?id=594
https://www.pnas.org/content/111/23/8410
https://www.pnas.org/content/117/12/6476


DBER Departments and Graduate Programs



Fundamentals of Engineering 

Education Research
Rigorous Research in Engineering Education Initiative 

(NSF DUE 0817461) 

https://stemedhub.org/groups/cleerhub

Ruth A.Streveler
Purdue University

Karl A. Smith
Purdue University and                        

University of Minnesota



• 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

– Identify 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

Some history about this workshop



Levels of inquiry in                       
engineering education

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.

• 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



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

Workshop Intentions / Participant Learning 
Outcomes



RREE Approach

Theory

Research Evidence Practice

Research that                                  

makes a difference . . .                                       

in theory and practice

(study grounded in theory/conceptual framework)

(appropriate design and methodology) (implications for teaching)



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 

Area Technical College, National 
Academy of  Engineering



CLEERhub

https://stemedhub.org/groups/cleerhub



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 

https://stemedhub.org/groups/cleerhub

RREE2



Centrality of Community of Practice (CoP)

• Streveler, R.A., Smith, K.A., and Miller, R.L. 2005. Enhancing Engineering 
Education Research Capacity through Building a Community of Practice.

• Streveler, R.A., Magana, A.J., Smith, K.A. and Douglas, T.C. 2010. 
CLEERHub.org: Creating a digital habitat for engineering education 
researchers. American Society for Engineering Education Annual Conference

• Pitterson, N., Allendoerfer, C., Streveler, R., Ortega-Alvarez, J., & Smith, K. 
(2020). The Importance of Community in Fostering Change: A Qualitative 
Case Study of the Rigorous Research in Engineering Education (RREE) 
Program. Studies in Engineering Education, 1(1), 20–37. 
DOI: http://doi.org/10.21061/see.7
https://www.seejournal.org/articles/10.21061/see.7/

https://karlsmithmn.org/wp-content/uploads/2017/08/Streveler-Smith-Miller-2005-enhancing-engineering-education-research-capacity-through-building-a-community-of-practice-ASEE_Annual_Conference.pdf
https://karlsmithmn.org/wp-content/uploads/2017/08/cleerhub-org-creating-a-digital-habitat-for-engineering-education-researchers.pdf
http://doi.org/10.21061/see.7
https://www.seejournal.org/articles/10.21061/see.7/


EER&I Networking Session

Connecting and Expanding the Engineering 

Education Research & Innovation (EER&I) 

Communities

ASEE Annual Conference – June 18, 2019– T474 – 1:30 pm – 3:00 pm

Karl A. Smith
Purdue University and                        

University of Minnesota

Facilitated By

Ruth A. Streveler
Purdue University

Rocio Chavela Guerra
American Society for

Engineering Education



Scholarly Innovations, 
Research & PhD in Engineering 

Education

Research & knowledge implementation & dissemination

Community of practice –
enable and support

Training, 

Mentoring, & 

Recognition

Champions & Communities of  

change agents

Active 
Learning

Team Based 
Learning

Cooperative 
Problem Based 

Learning (CPBL)

International 
Engineering Service 

Learning with Korea & 
Indonesia

International Innovative 
Practices in Higher Education 

Expo (I-PHEX)

JICA-funded PBL for 
Low Carbon Society 
with Kyoto Environ. 
Activities Assoc. & 
Johor State Edu.
Dept

UNIVERSITI TEKNOLOGI MALAYSIA CENTRE FOR ENGINEERING EDUCATION: LOCAL & GLOBAL ACTIVITIES

Training: Effective SCL implementation for Engaging Millennials

4 international & 
8 national 
awards

Champions and trainers (TOT) – World 
Bank-funded project with MOHE 

Afghanistan

Contact: khairiyah@utm.my

More than 20 PhD graduates since 2011
Current students: 16

Translating research into practice



F

M74

CURRENT PHD STUDENTS
Representing 14 Countries

2 or more

Brazil

Canada

China

Colombia

India

Iran

Pakistan

United States

98
F

M

PHD ALUMNI*
Representing 15 Countries
and 54 Domestic and International 

Universities and Colleges

*Successfully Defended Others: P-12 Education, Higher Ed Research, Unknown

PHD ALUMNI CAREERS

UNDERGRADUATE ENROLLMENT

AY 2018-19

First-Year Engineering ~2800 
Multidisciplinary Engineering 88

FACULTY GENDER RATIO

F

M

Biomedical Engineering

Chemical Engineering

Electrical and Computer 

Engineering

Environmental and Ecological 

Engineering

Materials Engineering

Mechanical Engineering

Honors College

Purdue Polytechnic Institute

Krannert School of Management 

College of Education

College of Health and Human 

Services

College of Liberal Arts 

Purdue Athletics

First-Year Engineering Program

Graduate Program (MS and PhD)

Multidisciplinary Engineering Degree Program

INSPIRE Pre-College Engineering Research

Student Advising

Graduate Certificate (New 2016; Online New 2018)

Integrated Research Labs

Ideas To Innovation Learning Labs

INTEGRATING RESEARCH AND PRACTICE

PROGRAMS and OPERATIONS CAMPUS COLLABORATIONS

30 Faculty

26 AP Staff

7 Admin Assistants
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https://pullias.usc.edu/download/communities-of-transformation-and-
their-work-scaling-stem-reform/



Communities of Transformation (CoTs)
1. Novel approach to improving STEM education

2. Address both individual faculty and broader systemic change

3. Benefits of these communities accrue to both individual faculty and to 
their institutions

4. Provide significant benefits for women faculty and faculty of color

5. Positive outcomes follow from an engaging philosophy that is lived in 
programmatic activities and fostered through a supportive and mentoring 
community.

6. Follow similar trajectories as the evolve from an idea to a community.

7. Face common challenges and must develop particular strategies to 
navigate them.

8. Rely on a specific set of avenues for expanding impact.

9. Future CoTs can draw on the sustainability model identified and developed 
through this study.

10. There are further ways that CoTs can extend their impact.

https://pullias.usc.edu/download/communities-of-transformation-and-their-work-scaling-stem-reform/ 27
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https://ascnhighered.org/index.html



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

Current Shift – Remote Learning



Remote Learning: 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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https://advances.asee.org/opinion-course-design-in-the-time-of-coronavirus-put-on-
your-designers-cap/

https://advances.asee.org/opinion-course-design-in-the-time-of-coronavirus-put-on-your-designers-cap/


Learning Requires*

32

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



Key Implications

Deliberate
Attention must be paid

Attention and processing power = cognitive load 
(bandwidth)
• LIMITED – need to be careful how one uses the learner’s 

bandwidth
• Link to Curricular Priorities

• Continuous partial attention

•Reflection is needed
• Need for feedback 

• Link to assessment
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Creative Performance From Students
(& Faculty) Requires Maintaining

a Creative Tension Between

Challenge and Security

Pelz, Donald, and Andrews, Frank.  1966.  Scientists in Organizations: Productive 
Climates for Research and Development.  Ann Arbor: Institute for Social Research, 
University of Michigan.

Pelz, Donald.  1976.  Environments for creative performance within universities.  In 
Samuel Messick (Ed.), Individuality in learning, pp.  229-247.  San Francisco: Jossey-
Bass

Edmonson, A.C. 2008. The competitive advantage of learning. Harvard Business 
Review 86 (7/8): 60-67.





Key Implications

Distributed
Repetition over time

◦ Spaced vs. massed practice*
◦ Spiral curriculum

Multiple modes of input
◦ Visual
◦ Audio
◦ Kinesthetic
◦ Self-explanation
◦ Explaining to others

*Kandel, E.B. 2007. In Search of Memory: The Emergence of a New Science of 
Mind. New York: Norton.
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Key Implications

Practice what you want to learn

Attentive – doing something

Constructive – adding to your prior 
knowledge

Interactive – working with others to add to 
your prior knowledge

37

Chi, M.T.H. 2009. Active-Constructive-Interactive: A Conceptual 
Framework for Differentiating Learning Activities. Topics in Cognitive 
Science 1, 73–105.



I-C-A-P Framework
ACTIVE  ATTENTIVE CONSTRUCTIVE INTERACTIVE

Doing something physically
Paying Attention

Producing outputs that go 
beyond presented 
information

Dialoguing substantively
on the same topic, and not 
ignoring a partner’s 
contribution

Engaging activities Self-construction Guided-construction

Attending processes Creation processes Joint creation processes

38

ICAP framework, Michelene T.H. Chi
Chi, M.T.H. (2009). Active-Constructive-Interactive: A 
conceptual framework for differentiating learning 
activities. Topics in Cognitive Science, 1, 73-105

Interactive > Constructive > Attentive > Passive



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 

39

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.



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

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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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



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/


46


