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Shifts in Engineering Education

▪ What were/are they?

▪ What did we learn/are we learning 

about advancing engineering 

education?

▪ What are the implications for the 

future of engineering education?



Major Shifts in Engineering Education (~1912-2012)

1. Engineering science - a shift from hands-on and practical emphasis 
to engineering science and analytical emphasis

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

3. Engineering design - a shift to emphasizing engineering design

4. Social-behavioral sciences - a shift to applying education, 
learning, and social-behavioral sciences research

5. ICC technologies - a shift to integrating information, 
computational, and communications technology in education

Froyd, J., Wankat, P. & Smith, K.A. (2012) Smith, K.A. & Chavela, R. (2021) Smith, K.A. (2024))

https://ieeexplore.ieee.org/abstract/document/6185632
https://ieeexplore.ieee.org/abstract/document/6185632
https://ieeexplore.ieee.org/abstract/document/6185632
https://karlsmithmn.org/wp-content/uploads/2023/09/2021-Webinar-Learning-in-the-Time-of-Coronavirus-.pdf
https://karlsmithmn.org/wp-content/uploads/2024/12/Smith-NAE-PEER-8-14-24-1.pdf


Studies of Engineering Education

https://www.asee.org/member-resources/reports 6

Mann Report (1918) Wickenden Report (1930)

Hammond Report  (1940) Grinter Report (1955)

“Goals” Report (1968) Green Report (1994)

Educating the Engineer of 2020 

(2005) 
Innovation with Impact (2012)



Mann Report (1918) Principal Points

https://www.asee.org/member-resources/reports 7

• 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



Global Calls
for Reform K-12 Engineering

Research-based 
Transformation



Reflection and Dialogue

Individually reflect on major shifts in your engineering education 

thinking and/or practices and prepare to talk with a neighbor. 

Think/write for about 1 minute.

Discuss with your neighbor for about 2 minutes



Major Shifts in Engineering Education (~1912-2012)

1. Engineering science - a shift from hands-on and practical 
emphasis to engineering science and analytical emphasis

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

3. Engineering design - a shift to emphasizing engineering design

4. Social-behavioral sciences - a shift to applying education, 
learning, and social-behavioral sciences research

5. ICC technologies - a shift to integrating information, 
computational, and communications technology in education

Froyd, J., Wankat, P. & Smith, K.A. (2012) Smith, K.A. & Chavela, R. (2021) Smith, K.A. (2024))

https://ieeexplore.ieee.org/abstract/document/6185632
https://ieeexplore.ieee.org/abstract/document/6185632
https://ieeexplore.ieee.org/abstract/document/6185632
https://karlsmithmn.org/wp-content/uploads/2023/09/2021-Webinar-Learning-in-the-Time-of-Coronavirus-.pdf
https://karlsmithmn.org/wp-content/uploads/2024/12/Smith-NAE-PEER-8-14-24-1.pdf


Engineering 

Education IMPLICATION:

Theory and research 

matter.

Theory

Research Practice

Research that                                  

makes a difference . . .                                       

in theory and practice

(Study grounded in theory/conceptual framework)

(Appropriate design and 

methodology) 

(Implications for 

practice)

Shift 1 - Engineering Science and Analytical Emphasis



Practice – Third-year course in metallurgical reactions 
– thermodynamics and kinetics

Theory – ?

Research – ? 
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Theory

Research
Evidence

Practice

Personal Implication of Shift 1 - a shift from hands-on 

and practical emphasis to engineering science and 

analytical emphasis

First Teaching Experience



Lila M. Smith



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

▪ Statistics, Measurement, Research Methodology

▪ Assessment and Evaluation

▪ Learning and Cognitive Psychology

▪ Knowledge Acquisition, Artificial Intelligence, Expert Systems

▪ Development Theories

▪ Motivation Theories

▪ History and Philosophy of Education

▪ Small Group Procedures for Personal and Organizational Change

▪ Social psychology of learning – student – student interaction

14



Lila M. Smith



Cooperative Learning

Theory – Social Interdependence – Lewin – Deutsch – Johnson 
& Johnson

Research – Randomized Design Field Experiments

Practice – Formal Teams/Professor’s Role

16

Theory

Research
Evidence

Practice



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

Smith, K.A., Sheppard, S.D., Johnson, D.W. and Johnson. R.T. 

2005. Pedagogies of Engagement: Classroom-based Practices 

(cooperative learning and problem-based learning). Journal of 

Engineering Education, 94: 87–101

https://karlsmithmn.org/wp-content/uploads/2017/08/Smith-Pedagogies_of_Engagement.pdf
https://karlsmithmn.org/wp-content/uploads/2017/08/Smith-Pedagogies_of_Engagement.pdf
https://karlsmithmn.org/wp-content/uploads/2017/08/Smith-Pedagogies_of_Engagement.pdf
https://karlsmithmn.org/wp-content/uploads/2017/08/Smith-Pedagogies_of_Engagement.pdf
https://karlsmithmn.org/wp-content/uploads/2017/08/Smith-Pedagogies_of_Engagement.pdf
https://karlsmithmn.org/wp-content/uploads/2017/08/Smith-Pedagogies_of_Engagement.pdf
https://karlsmithmn.org/wp-content/uploads/2017/08/Smith-Pedagogies_of_Engagement.pdf
https://karlsmithmn.org/wp-content/uploads/2017/08/Smith-Pedagogies_of_Engagement.pdf
https://karlsmithmn.org/wp-content/uploads/2017/08/Smith-Pedagogies_of_Engagement.pdf
https://karlsmithmn.org/wp-content/uploads/2017/08/Smith-Pedagogies_of_Engagement.pdf


IMPLICATIONs:

Broader Implications of Shift 1

Vannevar Bush 1945

National Science Foundation – 1950

National Academy of Engineering - 1964



Major Shifts in Engineering Education (~1912-2012)

1. Engineering science - a shift from hands-on and practical emphasis 
to engineering science and analytical emphasis

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

3. Engineering design - a shift to emphasizing engineering design

4. Social-behavioral sciences - a shift to applying education, 
learning, and social-behavioral sciences research

5. ICC technologies - a shift to integrating information, 
computational, and communications technology in education

Froyd, J., Wankat, P. & Smith, K.A. (2012) Smith, K.A. & Chavela, R. (2021) Smith, K.A. (2024))

https://ieeexplore.ieee.org/abstract/document/6185632
https://ieeexplore.ieee.org/abstract/document/6185632
https://ieeexplore.ieee.org/abstract/document/6185632
https://karlsmithmn.org/wp-content/uploads/2023/09/2021-Webinar-Learning-in-the-Time-of-Coronavirus-.pdf
https://karlsmithmn.org/wp-content/uploads/2024/12/Smith-NAE-PEER-8-14-24-1.pdf


Shift 2 - Outcomes-based Education and Accreditation

ABET Engineering Criteria 2000
Criterion 3. Program Outcomes and Assessment

Engineering programs must demonstrate that their graduates have

(a) an ability to apply knowledge of mathematics, science, and engineering

(b) an ability to design and conduct experiments, as well as to analyze and interpret data

(c) an ability to design a system, component, or process to meet desired needs

(d) an ability to function on multi-disciplinary teams

(e) an ability to identify, formulate, and solve engineering problems

(f) an understanding of professional and ethical responsibility

(g) an ability to communicate effectively

(h) the broad education necessary to understand the impact of engineering solutions in a global and societal context

(i) a recognition of the need for, and an ability to engage in life-long learning

(j) a knowledge of contemporary issues

(k) an ability to use the techniques, skills, and modern engineering tools necessary for engineering practice.



IMPLICATION:

Identifying and 
articulating enduring 
outcomes is a critical 
part of effective course 
design.

Content

Assessment Pedagogy

CAP Triangle

(Enduring outcomes)

(Feedback) (Practice)

Implication of Shift 2

See: Streveler & Smith (2020)



Learning and Development Outcomes UMN

https://slo.umn.edu

https://slo.umn.edu/


Assessment at the Course Level

Knowledge Survey 

Classroom Assessment (minute paper)

Mid-Term Review 

Student Management Team

Peer Review

23



Minute Paper
(Classroom Assessment Technique)

What was the most useful or meaningful thing you learned 
during this session?

What question(s) remain uppermost in your mind as we end this 
session?

What was the “muddiest” point in this session?

Give an example or application

Explain in your own words . . .

Angelo, T.A. & Cross, K.P. 1993.  Classroom assessment techniques: A handbook for college 
teachers.  San Francisco: Jossey Bass.

24
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Mid-Term Review



Chapter 8: Student 

Management Teams: The 

Heretic’s Path to Teaching 

Success by Edward B. 

Nuhfer

Wm.  Campbell & Karl 

Smith.  New Paradigms for 

College Teaching.  

Interaction Books, 1997.

https://karlsmithmn.org/wp-content/uploads/2017/08/Nuhfer-Student_management_teams-The_heretics_path_to_teaching_success-NPCT-1997-Ch5.pdf


Major Shifts in Engineering Education (~1912-2012)

1. Engineering science - a shift from hands-on and practical emphasis 
to engineering science and analytical emphasis

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

3. Engineering design - a shift to emphasizing engineering design

4. Social-behavioral sciences - a shift to applying education, 
learning, and social-behavioral sciences research

5. ICC technologies - a shift to integrating information, 
computational, and communications technology in education

Froyd, J., Wankat, P. & Smith, K.A. (2012) Smith, K.A. & Chavela, R. (2021) Smith, K.A. (2024))

https://ieeexplore.ieee.org/abstract/document/6185632
https://ieeexplore.ieee.org/abstract/document/6185632
https://ieeexplore.ieee.org/abstract/document/6185632
https://karlsmithmn.org/wp-content/uploads/2023/09/2021-Webinar-Learning-in-the-Time-of-Coronavirus-.pdf
https://karlsmithmn.org/wp-content/uploads/2024/12/Smith-NAE-PEER-8-14-24-1.pdf


IMPLICATION:

Embracing the 
engineering design 
process for course 
design makes sense.

Implications of Shift 2 - Emphasis on Engineering Design

Streamlined  
Course Design 

Process

Identify the 
desired results

Determine 
acceptable 
evidence

Plan learning 
experiences

Engineering 
Design 

Process

Determine 
requirements/ 
specifications

Develop or use  
established 
metrics to 

measure against 
outcomes

Plan and develop 
process, system, 
etc. to implement

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

Nuclear Engineering Professor  

Former Dean, Provost and President 

University of Michigan



Reflection and Dialogue
Individually reflect on the first three major shifts in engineering 

education. How have they influenced your engineering education 

thinking and/or practices? 

1. Engineering science

2. Outcomes and Accreditation

3. Engineering Design

Think/write for about 1 minute.

Discuss with your neighbor for about 2 minutes



Major Shifts in Engineering Education (~1912-2012)

1. Engineering science - a shift from hands-on and practical emphasis 
to engineering science and analytical emphasis

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

3. Engineering design - a shift to emphasizing engineering design

4. Social-behavioral sciences - a shift to applying education, 
learning, and social-behavioral sciences research

5. ICC technologies - a shift to integrating information, 
computational, and communications technology in education

Froyd, J., Wankat, P. & Smith, K.A. (2012) Smith, K.A. & Chavela, R. (2021) Smith, K.A. (2024))
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IMPLICATIONS:

Applying what we know 
about learning is 
essential: 

Cognitive Domain

Affective Domain

How People Learn
Interactive 

Learning

Personal and 

Academic Support

Psychological 

Safety

Education, Learning and Social-Behavioral Sciences



IMPLICATIONS:

Applying what we know 
about learning is 
essential: 

Cognitive DomainHow People Learn
Interactive 

Learning

Education, Learning and Social-Behavioral Sciences



Learning Requires…

Distributed Practice

▪ Attentive

▪ Constructive

▪ Interactive

▪ Cognitive load 
(bandwidth)

▪ Reflection

▪ Processing

▪ Repetition over 
time

▪ Multiple input 
modes

Deliberate



I-C-A-P Framework

Interactive > Constructive > Attentive
(Active)

> Passive

Substantive dialogue 
on the same topic, not 
ignoring a partner’s 
contribution

Producing outcomes that 
go beyond presented 
information

Doing something 
physically

Paying attention

Guided-construction Self-construction Engaging activities

Joint creation 
processes

Creation processes Attending processes

See: Chi (2009)



Interactive Learning = Reduced Failure Rate

See: Freeman, et.al. (2014)

Engineering Thermodynamics

PLSG earned statistically almost one full letter 

grade higher than students in the no-treatment 

group; they were also statistically more likely 

to have passed the course and to have 

graduated with their degree approximately one 

year after taking it

Milcarek, R., et.al. (2025) The Impact of Peer-led Study Groups on 
Student Achievement in a Gateway Engineering Thermodynamics
Course. https://advances.asee.org/wp-
content/uploads/vol13/Issue1/13.1_4_Brunhaver.pdf



Bloom’s Distribution

Bloom, B. S., Madaus, G. F., and Hastings, J. T., Evaluation to improve learning. New York, NY: McGraw-Hill, 1981. 

If we are effective in our instruction, the 

distribution of achievement should be very 

different from the normal curve. In fact, we may 

even insist that our educational efforts have been 

unsuccessful to the extent that the distribution of 

achievement approximates the normal 

distribution. (p. 52)



IMPLICATIONS:

Applying what we know 
about learning is 
essential: 

Affective DomainPersonal and 

Academic Support

Psychological 

Safety

Education, Learning and Social-Behavioral Sciences



Sullivan (2005) – The Three 

Apprenticeships of Professional Education

1.Head – intellectual/cognitive development

2.Hand – tacit body of skills shared by 

competent practitioners

3.Heart – ways of thinking and habits of 

mind, including the values and attitudes 

shared by the professional community 



Student Support is Essential

See: Johnson, Johnson and Smith (2006)

Academic Support

Classmates and faculty:

Help students succeed 

academically.

Personal Support

Classmates and faculty:

Care about and are personally 

committed to the well-being of 

each student.

The greater the social support, 

the greater the academic challenges may be.

https://advances.asee.org/aee-covid-19-home-page/

https://advances.asee.org/aee-covid-19-home-page/
https://advances.asee.org/aee-covid-19-home-page/
https://advances.asee.org/aee-covid-19-home-page/
https://advances.asee.org/aee-covid-19-home-page/
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https://advances.asee.org/aee-covid-19-home-page/
https://advances.asee.org/aee-covid-19-home-page/
https://advances.asee.org/aee-covid-19-home-page/
https://advances.asee.org/aee-covid-19-home-page/


Creative Tension Between Challenge and Security

See: Edmonson (2008)

ACCOUNTABILITY FOR MEETING DEMANDING GOALS

LOW HIGH

P
S

Y
C

H
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L
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G
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T
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H
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Comfort Zone

People really enjoy working with one 

another but don’t feel particularly 

challenged. Nor do they work very 

hard.

Learning Zone

The focus is on collaboration and learning 

in the service of high-performance 

outcomes.

L
O

W

Apathy Zone

People tend to be apathetic and 

spend their time jockeying for 

position. 

Anxiety Zone

People fear to offer tentative ideas, try new 

things, or ask colleagues for help

See also: Pelz and Andrews (1966); Pelz (1976)



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).

Cooperative Learning: An Evidence-Based 
Practice for Interactive Learning



Key Elements:

▪ Positive 
Interdependence

▪ Individual and 
Group 
Accountability

▪ Face-to-Face 
Promotive 
Interaction

▪ Teamwork Skills
▪ Group Processing

Key elements of cooperative learning (CL) [CLHks.pdf]

https://karlsmithmn.org/wp-content/uploads/2017/08/CLHks.pdf


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.*

Benefits

1. Achievement and retention
2. Critical thinking and higher-level

reasoning
3. Differentiated views of others
4. Accurate understanding of others' 

perspectives
5. Liking for classmates and teacher
6. Liking for subject areas
7. Teamwork skills

• Over 300 Experimental Studies
• First study conducted in 1924
• High Generalizability
• Multiple Outcomes

Johnson, Johnson, & Smith (2007, 2014)



Cooperative Learning - STEM - Meta Analysis
Springer, Stanne, and Donovan (1997, 1999) reported mean effect sizes for cooperative learnings effect on 
students’ achievement and persistence of 0.51 and 0.46, respectively. 

They observed that “The 0.51 effect of small-group learning on achievement reported in this study 
would move a student from the 50th percentile to the 70th on a standardized test. Similarly, a 0.46 
effect on students’ persistence is enough to reduce attrition in STEM courses and programs by 
22%.”

Springer, L., Stanne, M. E., and Donovan, S. 1997. Effects of small-group learning on undergraduates in 
science, mathematics, engineering, and technology: A meta-analysis. Madison, WI: National Institute for 
Science Education.

Springer, L., Stanne, M.E., and Donovan, S. S. 1999. Effect of Small Group Learning on Undergraduates in 
Science, Mathematics, Engineering and Technology: A Meta-Analysis. Review of Educational Research, 
69(1), 21–51.



Transferable Knowledge and Skills

1.Introduction 15

2.A Preliminary Classification of Skills and Abilities 21

3.Importance of Deeper Learning and 21st Century 
Skills 37

4.Perspectives on Deeper Learning 69

5.Deeper Learning of English Language Arts, 
Mathematics, and Science 101

6.Teaching and Assessing for Transfer 143

7.Systems to Support Deeper Learning 185

https://nap.nationalacademies.org/catalog/13398/education-for-life-and-work-developing-transferable-knowledge-and-skills



Cooperation in the College Classroom

First edition 1991.

Notes: Cooperative Learning Notes 

❑ Informal Cooperative Learning 
Groups

❑ Formal Cooperative Learning 
Groups

❑ Cooperative Base Groups

https://karlsmithmn.org/wp-content/uploads/2020/07/Smith-CL-College-Notes-817-1.pdf


Book Ends on a Class Session

Smith, K.A. 2000. Going deeper: Formal small-group learning in large classes. Energizing large classes: 
From small groups to learning communities. New Directions for Teaching and Learning, 2000, 81, 25-46.
[NDTL81Ch3GoingDeeper.pdf]

https://karlsmithmn.org/wp-content/uploads/2017/08/NDTL81Ch3GoingDeeper.pdf


Advance Organizer

Formulate-Share-Listen-Create (Turn-to-
partner)  — repeated every 10-12 minutes

Session Summary (Minute Paper)
1. What was the most useful or meaningful thing you learned 

during this session?
2. What question(s) remain uppermost in your mind as we 

end this session?
3. What was the “muddiest” point in this session?

Book Ends on a Class Session



“The most important single factor 
influencing learning is what the learner 
already knows. Ascertain this and teach 
accordingly.”

David Ausubel - Educational psychology: A cognitive 
approach, 1968.

Advance Organizer



Informal Cooperative Learning Group
Introductory Pair Discussion of a

FOCUS QUESTION

1. Formulate your response to the question individually
2. Share your answer with a partner
3. Listen carefully to your partner's answer
4. Work together to Create a new answer through 

discussion

Formulate-Share-Listen-Create



Focus Question Examples

• Give an example
• Describe an application…
• Explain in your own words…
• Paraphrase the idea
• Support the following statement…



• Can be used at any time
• Can be short term and ad hoc
• May be used to break up a long lecture
• Provides an opportunity for students to process 

material they have been listening to (Cognitive 
Rehearsal)

• Are especially effective in large lectures and one-time 
events (e.g., guest presentation)

• Include "book ends" procedure
• Are not as effective as Formal Cooperative Learning 

or Cooperative Base Groups

Informal Cooperative Learning Groups



Cooperation in the College Classroom

First edition 1991.

Notes: Cooperative Learning Notes 

❑ Informal Cooperative Learning 
Groups

❑ Formal Cooperative Learning 
Groups

❑ Cooperative Base Groups

https://karlsmithmn.org/wp-content/uploads/2020/07/Smith-CL-College-Notes-817-1.pdf


Instructor’s Role in Formal Cooperative Learning

1. Specifying Objectives (Academic and 
Interpersonal/Teamwork)

2. Making Decisions 

3. Explaining Task, Positive Interdependence, and 
Individual Accountability

4. Monitoring and Intervening to Teach Skills

5. Evaluating Students' Achievement and Group 
Effectiveness



Smith, K.A. & Felder, R.M. 2023. Cooperative Learning 
in Engineering Education: The Story of an Ongoing 
Uphill Climb. In Robyn Gillies, Barbara Millis, and Neil 
Davidson, eds. Contemporary Global Perspectives on 
Cooperative Learning Link to Draft

https://www.routledge.com/Contemporary-Global-Perspectives-on-Cooperative-Learning-Applications-Across/Gillies-Millis-Davidson/p/book/9781032213934
https://www.routledge.com/Contemporary-Global-Perspectives-on-Cooperative-Learning-Applications-Across/Gillies-Millis-Davidson/p/book/9781032213934
https://karlsmithmn.org/wp-content/uploads/2023/04/Smith-Felder-Cooperative_Learning_in_Engineering_Education-Draft-8-14-23.pdf


Instructor and Facilitator Guide to 

Teamwork and Project Management

Russell Korte and Karl Smith

In Preparation

https://ladbookstore.com/products/teamwork-and-project-

management-fifth-ed

https://ladbookstore.com/products/teamwork-and-project-management-fifth-ed
https://ladbookstore.com/products/teamwork-and-project-management-fifth-ed
https://ladbookstore.com/products/teamwork-and-project-management-fifth-ed
https://ladbookstore.com/products/teamwork-and-project-management-fifth-ed
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https://ladbookstore.com/products/teamwork-and-project-management-fifth-ed
https://ladbookstore.com/products/teamwork-and-project-management-fifth-ed
https://ladbookstore.com/products/teamwork-and-project-management-fifth-ed
https://ladbookstore.com/products/teamwork-and-project-management-fifth-ed
https://ladbookstore.com/products/teamwork-and-project-management-fifth-ed
https://ladbookstore.com/products/teamwork-and-project-management-fifth-ed


Cooperation in the College Classroom

First edition 1991.

Notes: Cooperative Learning Notes 

❑ Informal Cooperative Learning 
Groups

❑ Formal Cooperative Learning 
Groups

❑ Cooperative Base Groups

https://karlsmithmn.org/wp-content/uploads/2020/07/Smith-CL-College-Notes-817-1.pdf


Cooperative Base Groups

Cooperative Base Groups are long-term, 

stable teams designed to support 

members’ academic and personal 

development beyond class activities. 

People illustrations by Storyset

https://storyset.com/people


Major Shifts in Engineering Education (~1912-2012)

1. Engineering science - a shift from hands-on and practical emphasis 
to engineering science and analytical emphasis

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

3. Engineering design - a shift to emphasizing engineering design

4. Social-behavioral sciences - a shift to applying education, 
learning, and social-behavioral sciences research

5. ICC technologies - a shift to integrating information, 
computational, and communications technology in education

Froyd, J., Wankat, P. & Smith, K.A. (2012) Smith, K.A. & Chavela, R. (2021) Smith, K.A. (2024))

https://ieeexplore.ieee.org/abstract/document/6185632
https://ieeexplore.ieee.org/abstract/document/6185632
https://ieeexplore.ieee.org/abstract/document/6185632
https://karlsmithmn.org/wp-content/uploads/2023/09/2021-Webinar-Learning-in-the-Time-of-Coronavirus-.pdf
https://karlsmithmn.org/wp-content/uploads/2024/12/Smith-NAE-PEER-8-14-24-1.pdf


IMPLICATIONS:

Technology provides 

affordances to mediate 

learning—but 

education is a human 

activity.

Shift 5 - Integration of Information, Communication, 
and Computational (ICC) Technologies

Personal Response 

Systems (clickers)

DELIVERY: Television, 

Audio & Video Tape &  

Internet 

Simulations

Intelligent Tutors

Individualized 

Feedback

Games and 

Competitions

Grading
Computational 

Technologies



IMPLICATIONS:

AI is increasingly 

impacting engineering 

education:

• Coding

• Writing

• ?

AI

Term “AI” coined in 1956 by 
John McCarthy

Generative AI

ChatGPT (November 2022) Pablo M. Tagarro. Forget the future, AI is causing harm now. Science 
388,595-595(2025). DOI:10.1126/science.adw3900

https://doi.org/10.1126/science.adw3900


Technology and Teachers

• Film (Edison)
• Radio
• TV
• Computer

o PLATO (Programmed Logic for Automatic 
Teaching Operations) (1960)

o “Goodbye, Teacher” Keller (1968)
o "Any teacher who can be replaced by a CD 

should be" (Jack Wilson)
• AI

Jonathan Wai, The next best way to teach and learn. 
Science388, 920-920(2025). DOI:10.1126/science.adx4571

“Technology always seems poised to revolutionize education 

— until it doesn’t” Jonathan Wai

“Why are we so eager to turn to technology to 

solve educational problems for which the one 

reliably proven solution is more person-to-

person connection?”

https://doi.org/10.1126/science.adx4571


Engineering science

Prior Shifts Pandemic Shifts

Ubiquitous remote Teaching & 

Learning

Justice, equity, diversity, and 

inclusion (JEDI)

Outcomes and accreditation

Engineering design

Social-behavioral sciences

ICC technologies

Learning in the time of coronavirus. ASEE Webinar, March 30, 2021. Smith, K.A. & Chavela, R. Link to recording. Link to slides.

https://www.youtube.com/watch?v=vHYecYtM3fs
https://karlsmithmn.org/wp-content/uploads/2023/09/2021-Webinar-Learning-in-the-Time-of-Coronavirus-.pdf


The Time of Coronavirus

Learning in the time of coronavirus. ASEE Webinar, March 30, 2021. Smith, K.A. & Chavela, R. Link to recording. Link to slides.

https://www.youtube.com/watch?v=vHYecYtM3fs
https://karlsmithmn.org/wp-content/uploads/2023/09/2021-Webinar-Learning-in-the-Time-of-Coronavirus-.pdf


IMPLICATIONS:

Engineering teaching 

and learning can be 

accomplished 

remotely—but there are 

challenges:

• Video conference fatigue

• Lack of human/social 

interaction

Ubiquitous Remote Teaching and Learning

Emergency Remote Teaching

Effective Distance Education



Poll: What is your 
approach to teaching 
and learning during the 
pandemic?



Poll: How is remote 
teaching/learning going 
(compared to pre-pandemic)?



IMPLICATION:

Working towards creating 

and maintaining equitable 

and inclusive learning 

environments is imperative.

Emphasis on Justice, Equity, Diversity, and Inclusion

Be Accessible

Be Flexible

Be Identity-conscious

Be Proactive

Be Relational

Be Transparent

https://www.celt.iastate.edu/wp-content/uploads/2020/06/Equity-and-Inclusion-in-the-Online-Learning-Environment.pdf

“Do the best you 
can until you 
know better. 
Then when you 
know better, do 
better.”

—Maya Angelou

End racism in science: there shouldn’t be 

any argument about this goal. Nature 641, 

1071 (2025) doi: 

https://doi.org/10.1038/d41586-025-01615-w

https://www.celt.iastate.edu/wp-content/uploads/2020/06/Equity-and-Inclusion-in-the-Online-Learning-Environment.pdf
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Pandemics

1. Accelerate us into the future and 
magnify trends

2. Reveal inequities and dysfunctions in 
existing systems

3. Bring renewed attention to public & 
personal health

4. Create opportunities for those 
who grasp the change





https://www.science.org/content/article/100-days-that-shook-u-s-science



IMPLICATIONS:

Engineering education 

and DBER research 

affected:

• DEI

• ?

• ?

Defunding Research

NSF Created in 1950

57% budget reduction and 
termination of many grants



▪ Were prompted by outside 

forces

▪ Were met with resistance

▪ Were eventually embraced 

(to varying degrees)

▪ Did not change core 

values/practices

Prior Shifts Post-Pandemic

Are core values/practices 
in jeopardy?



Decades of research show that learning involves a set of complex 

processes and is shaped by the characteristics and experiences of 

learners, social interactions, and cultural context. Studies are 

clear that student-centered instructional practices that take 

students’ interests and experiences into account and provide them 

with authentic opportunities to engage with disciplinary content, 

practices, and analysis are more effective than instructional 

practices that rely primarily on lecture, reading, and memorization 

of content, procedures, and algorithms.

https://nap.nationalacademies.org/catalog/28268/transforming-

undergraduate-stem-education-supporting-equitable-and-effective-

teaching

https://nap.nationalacademies.org/catalog/28268/transforming-undergraduate-stem-education-supporting-equitable-and-effective-teaching
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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://www.rhgraham.org/resources/Global-state-of-the-art-in-engineering-education---March-

2018.pdf

https://www.rhgraham.org/resources/Global-state-of-the-art-in-engineering-education---March-2018.pdf
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Reflection and Dialogue
Individually reflect on the recent shifts to engineering education: 

• Prior shifts 4. Social - Behavioral Science and 5. ICC Technologies 

• Two pandemic shifts (Remote Teaching and JEDI)

• The current shift of Defunding Science

Think/write individually for about 1 minute.

Discuss with your neighbor for about 2 minutes

Select/create a response – question or comment – to present to the 

whole group if you are randomly selected



Questions & Discussion



Thank you!

ksmith@umn.edu karlsmithmn.org/karl-smith-5581401

An eCopy of this presentation will be posted to karlsmithmn.org

mailto:ksmith@umn.edu
https://karlsmithmn.org/
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