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Origin of Formal Education
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Presentation Notes
Formal education is thought to have begun in Egypt around 3,000 BCE

Education was controlled by the priests who were the powerful intellectual elite.  There were two types of schools: one for scribes and one for priest trainees.   Access to these schools was only for privileged youth, mostly boys.

Students learned humanities, science, medicine, and mathematics. 

The rules were strict, and the educational methods emphasized drill and memorization.
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During the Zhou (Joe) Dynasty around 500 BCE, Confucius introduced a focus on curriculum that continues to shape educational values through the present day.  

He believed in a more learner-centered approach:  Confucius is believed to have introduced the concept of differentiated instruction, or “teaching according to the student’s ability”.




Philosophy of Education

469 - 399 B.C.
Socrates 427-347 B.C.

Plato

384-322 B.C.
Aristotle

www.ourcitizens.com, www.brittanica.com

Discourse Reflection
Inquiry
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The Ancient Greeks sought to balance practical skills with loftier contemplations about the origins of thought.  

Socrates and Plato introduced teaching strategies that rely on discourse and reflection.  

Inquiry methods still in use today owe much of their genesis to Aristotle.


http://www.ourcitizens.com/
http://www.brittanica.com/


Learning Science
Al-Hazani
965 C.E.
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In the 10th Century, Al-Hazani helped move philosophical ponderings about intelligence to the realm of hard science. 

Al-Hazani established that learning is generated by sensory perceptions and that new learning is based on past experiences and associations.  

He could be considered an early constructivist.
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So, since early times there were some very good ideas about education. But were those ideas being used in classrooms? The answer is no!

The educational philosophy of the Ancient Greeks and the scientific approach of Al-Hazani simply didn’t translate into classroom practice.   

Let’s fast forward a few centuries from Al-Hazani, to the mid 1300’s, to this lecture at the University of Bologna. Education was expensive, still mainly for the elite, mainly sons from wealthy families.  In short, there were serious issues with access to education.

Manuscripts were extremely hard to come by. To share the information contained in them, the lecturer read the manuscripts while students took dictation. 

Do these learners look engaged?  No! Look, here’s one sleeping.  That guy in the back row looks like he is texting. 

The state of technology at the time severely limited pedagogical innovation, and it limited who had access to education.



Evolution of the lecture
http://www.universityaffairs.ca/opinion/in-my-opinion/gutenbergs-lessons-todays-universities/
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By the mid 1400’s the technological change that education needed finally came along. 

Gutenberg’s printing press revolutionized university education. Knowledge could be available at any time and place!  Learning could be accessible to the masses!

The role of lecturer could be transformed into the role of an educator.   

Ironically the printing press was considered a threat to the lecture (and the lecturer).  

The Benedictine scribe Filippo de Strata opposed the printing press on the basis of autodidacticism, immorality, and profanity.  

Luckily, some ideas are too big to be squashed by small minds.  
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And as technology prevailed, it paved the way for the trend toward universalization of education starting in the 1600s.  

Gradually, free compulsory education has been established in many parts of the world.  

Students are no longer the obedient, wealthy male learners of the middle ages – 

but “normal” people with varying  abilities and varying needs. Girls, too.  People who never could have attended school a few hundred years ago. 





fMRI Evidence

Vannest et al., 

Passive Active
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So now some modern developments:

The 20th century  brought advances in developmental psychology, cognitive science, and a new understanding of the brain and learning.  

The invention of specific imaging techniques in the late 1900s resulted in an explosion of neuroimaging studies on learning.  

For example, this MRI shows that the brain is much more active during active learning than during passive learning.







Electrodermal Evidence

Poh and Picard 
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Take a look at this graph of sympathetic nervous system activity -- the sympathetic nervous system is linked to cognition and attention.

In this study, students wore electrodermal wrist bands and recorded the signals for a whole week.  

We see the nice big brain signals during social activity, lab and even homework time.  

But during lectures, -- see the red circles? -- the student is flatlined and is in serious need of resuscitation. 





Change in Practice

Theory EvidenceTechnology

Need for Change
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At this point, in the 21st Century, we do have what we need to bring evidence-based teaching to the classroom and to make sure that all students can engage in learning.

We have solid educational theories.
We have books, computers, the Internet... all the technology we need is at our fingertips
We have an abundance of evidence to support the effectiveness of student engagement in the learning process.  

We need to change engineering education to recruit and retain more students, and to produce graduates with 21st Century skills.

So, how has all of this revolutionized teaching practices in engineering?

How has it revolutionized who learns engineering?




Today
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Today, more than 55% of engineering instructors rely predominantly on lecture to transmit information into the heads of passive students whose BRAINS ARE FLATLINING.

With solid evidence that NOT ALL TEACHING RESULTS IN LEARNING

With knowledge of research-based instructional practices that enhance learning outcomes…

Has this knowledge, along with the fantastic variety of educational innovations…transformed the way engineering is taught?

Has the universalization of education reached engineering?  Has it transformed WHO is taught?

No!!!



NSF RED Program
Revolutionizing Engineering and Computer Science Departments

The Problem
• Educational innovations have not found their way to the middle years of the 

curriculum
• Core courses lack emphasis on workplace-relevant engineering skills

NSF RED Program
• $38 million total over three years (2015, 2016, 2017)
• 19 Awards to Engineering Departments
• Goal is to effect cultural and organizational change to address a wide array 

of enduring challenges in engineering education
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Now fast forward to 2015.

A high-level review of engineering education investments by the National Science Foundation, and an assessment of the engineering education literature show that some progress has been made in the first year and in capstone design.  

But educational innovations have not found their way into the middle years of the engineering curriculum.

In particular, the middle years are devoid of emphasis on workplace-relevant engineering skills like team work, communication, ethics and socio-political context.

NSF Leaders believed that big change was needed.  In 2015, the National Science Foundation (NSF) launched a new program called REvolutionizing engineering and computer science Departments (RED).  

Over three years, NSF granted 19 RED awards totaling $38 million to departments across the U.S. in a variety of engineering disciplines as well as computer science.  

The goal of these projects is to effect cultural and organizational change to address a wide array of enduring challenges in engineering education; these projects are changing the landscape of engineering education in the U.S.






NSF RED Program
Revolutionizing Engineering and Computer Science Departments

• “Radically, Suddenly or Completely New”
• Producing fundamental, structural change
• Going outside or beyond existing norms or 

principles

Change rooted in:
• Engineering Education research
• Social science understanding of organizations
• Theoretical change framework to move research to practice
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What were they looking for?

Department level reform
Department head commitment
Importance of organizational structure and reward systems

Evaluation criteria looked to create something
Radically, suddenly, or completely new.
Produce fundamental, structural change
Go outside or beyond existing norms and principles

Change rooted in engineering education research and a social science understanding of organizations, and a theoretical change framework to move research to practice

Faculty development efforts
Incorporation of professional practice
Plan for scalability and for overcoming obstacles





RED Projects
Additive Innovation: An Educational Ecosystem of 
Making & Risk Taking (Engineering)

Revolutionizing Roles to Reimagine Integrated Systems 
of Engineering Formation (Electrical and Computer 
Engineering)

REDCON: Consortium-level support for scaling and 
adoption of knowledge concerning sustainable change

Lord et al., ASEE 2018
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At Arizona State University, the RED team is taking a systems approach to better understand the educational ecosystem and to support faculty to realize a mindset of additive innovation [8] and pedagogical risk-taking in their classrooms [9]. The team is taking a multi-pronged approach that includes 
understanding the engineering program’s current culture through experience- centered narrative research [10], 
developing an instrument to assess pedagogical risk-taking, developing an understanding of making in the engineering classroom, and
tracing impacts of the RED project on other institutions. 
The team has also developed a conceptual framework that leverages previous work in organizational change theory, higher education, and STEM teaching practices [4, 11, 12, 13, 14, 15, 16] to screen potential faculty interventions to increase the likelihood of success. This framework has facilitated the emergence of faculty-driven affinity groups that will serve as one vehicle for increasing pedagogical risk-taking among faculty. 

At Colorado State University (CSU) the RED team is redefining what it means to teach and learn in the Department of Electrical and Computer Engineering (ECE). they view the ECE program as an integrated system that fosters collaboration rather than a sequence of disparate courses taught by autonomous faculty in “silos,” .They are, in effect, throwing away courses.  CSU’s new pedagogical and organizational model emphasizes knowledge integration and interweaves thematic content threads (creativity, foundations, and professionalism) throughout the curriculum. While ECE material is known for being extremely abstract and mathematically intense, multifaceted faculty teams are working collaboratively to help students connect the dots between topics and demonstrate why their knowledge is relevant to the world outside the classroom. 

The Rose Hulman – UW collaboration is a consortium-level effort called REDCON.  The goal is to support scaling and adoption of knowledge concerning sustainable change.  The explicit outcomes of REDCON focus on creating cross-institution collaboration, investigating best practices in making change in engineering and computer science, and promoting the individual work of the awardee teams. 





Revolutionizing Engineering Diversity

• Expand the conception of diversity to include groups not 
served by traditional efforts to broaden participation

• Develop a collective intentionality of inclusiveness among 
students, faculty and administrators

• Build an inclusive environment for all students
• Increase underrepresented student population to 50%

Civil and Environmental Engineering



Diversity and inclusion
Diversity - counting heads
Inclusion - making heads count

http://www.theinclusionsolution.me/

• Women
• Racial and ethnic minorities
• LGBTQ
• Low Income and First Generation 

to College
• Differently abled
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Diversity

Diversity brings different ideas and perspectives to a group. 
There is a learning case for diversity – diversity benefits the intellectual and social development of all students
And there is a business case for diversity as well, as diversity spurs innovation and productivity.  

Inclusion: The active, intentional, and ongoing engagement with diversity

In an inclusive environment, individuals are active participants in the organization and feel valued for their contributions

Not surprisingly there is a link between diversity and inclusion




Rowan Student Demographics
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Baseline data

This graph shows Rowan student demographics.  Orange bars are Engineering students, Blue bars are students in all other disciplines.

We have a harder time attracting/retaining racial and ethnic minorities, women, LGBTQ+, first generation to college, and students with financial need.  Engineering seems to be a barrier for transfer students too.  The only area where we didn’t see a difference was with students with disabilities.

Showing that while higher ed in general is more diverse than it was in the middle ages in Europe, Engineering is still exclusive relative to other disciplines.

Efforts to broaden participation in engineering have previously focused on women and URM.  Our project seeks to understand the experiences of a broader range of demographic groups in engineering and to include them in efforts to broaden participation and increase inclusion.





Why are there differences in representation?

https://www.theguardian.com/world/2018/aug/08/tokyo-medical-school-admits-changing-results-to-
exclude-women
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You may have read about this story in the news – a medical school in Japan admitted to altering test scores to exclude women.  

In this day and age, most find this kind of active and overt discrimination to be appaling.

But we also need to be mindful of the mostly unconscious bias and discrimination that exists within our values and our culture in engineering, and how those act as barriers to diversity and inclusion.  This type of discrimination is more subtle, more pervasive and equally insidious.    




Different Experiences and Perceptions
1st Gen Sexual 

minority
Women Diff.

Abled
Non-
White

Participation in Engr-related activities Less More -- Less Less

Inclusive Classroom Experiences -- Less Less Less Less

Educational Experiences Less Less -- Less Less

Experiences with discrimination More More More More More

Diversity Climate -- Less Less Less Less
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We did a very extensive baseline survey that looked at students experiences and perceptions related to D&I.  The survey questions were based mainly on the PACE climate instrument, with questions expanded to include groups beyond women and racial/ethnic minorities.  These are just some examples of the areas in which we saw differences.

Participation in engineering related activities included involvement in including clubs, learning communities, mentoring and UG research
First Gen, Differently Abled and URMs participated significantly less in engineering related activities.  LGB students participated more, and I will come back to that in a moment.

Inclusive classroom experiences had to do with comfort expressing ideas, feeling that discrimination was dealt with appropriately, access to assistance for having a different level of preparation

Educational Experiences has to do with feeling part of the engineering community, perceive a collaborative class environment, being taken seriously, and feeling inspired by professors

Educational experiences – 

Experiences with discrimination has to do with recognizing discriminatory comments, hearing faculty express stereotypes and hearing students express stereotypes

Diversity climate had to do with a student’s comfort level engaging with difference – speaking about and being with people from different backgrounds and identities…

Even though LGB students participated more in engineering-related activities, they still had more negative perceptions and experiences.  This aligns with the findings of Bryce Hughes who found that LGB students were significantly more likely to participate in UG research, yet were still significantly less likely to be retained in STEM

We are now analyzing focus group data to gain more insight into these differences and to help us tailor efforts to increase inclusion.







A systematic approach to building 
inclusion

Shorter-Gooden, p. 451
A multidimensional framework

Institutional 
Commitment

Access &  
Success

Inclusive 
Pedagogy

Affirming 
Climate
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Our general approach is  systems-based approach that involves an entire department.  
We use a multipronged approach that involves A, B, C, and D.

Some examples of institutional commitment are
Institutional commitment - 
	mission and vision statement
	shared values
	strategic plan
	words and action of leaders
	developing a shared diversity and inclusion statement
	making D&I part of reward system (assessed, rewarded by grades or part of promotion)

Access and success
	Recruitment and retention of diverse students; - who, where and how we recruit students from underserved communities
	Recruitment, retention, advancement of diverse faculty – where we advertise
	Spatial Skills Training – predictor of success in STEM
	Mentoring

Inclusive Pedagogy
	Curriculum infused with multicultural content and contributions from diverse individuals
	Inclusive pedagogy for diverse learners, diverse backgrounds, diverse funds of knowledge
	
Affirming climate
	Physical environment reflects diversity and reduces power distance
	Policies that support D&I
	Activities and events that celebrate diversity
	Involving students, faculty, alumni and industry stakeholders
	Everyday interactions
	
	



Access and Success
• Change CEE Admissions Process to 

reduce the dependence on SAT scores

• Establish mentoring groups 

• Spatial skills training in fall of year 1

Bowen, W. G., & Bok, D. (2016). The shape of the river: Long-term consequences of 
considering race in college and university admissions (Vol. 96). Princeton University Press

Brookings Institution Report

Race gaps in SAT scores 
highlight inequality and 
hinder upward mobility

Richard V. Reeves and Dimitrios Halikias

01 Feb 2017
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Our admissions process has historically weighted SAT scores very heavily in admissions decisions.  But SATs have been widely criticized for not being a good predictor of success.  They also disadvantage students from schools in economically depressed areas and minority students.  We moved to a holistic admissions that considered student background and experiences reflected in their personal essays and recommendation letters.  

To support student success after entry into the program, we established a mentoring program.  We started mentoring groups for our lower level students with an upper level student and a professional.  We also established a mentoring group for transfer students.  



Access and Success

• First year enrollment: 29% women, 
15% racial/ethnic minority (up from 
19.5% and 9.5%)

• Mentoring groups for lower level 
students and for transfer students

• Spatial skills improvement
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We did not admit on the basis of race/gender.  Instead we looked holistically at the applicant and tried to evaluate their potential rather than their preparation.  

We established two types of mentoring groups: (1) groups of an alumnus, an upperclassman, and a first year student (2) a transfer student mentoring group.  The mentoring groups are active and we are developing an instrument to assess their effectiveness.  44 lower level students have joined the mentoring program.

This is the area where the numbers most clearly show that our practices are resulting in change.  We were very successful in increasing the % w and urm (and the mean SAT score increased too!)




Inclusive Pedagogy
• Inclusive curriculum

• Redesigned several CEE courses (content, teaching methods, assessment)
• CEE students participated in the course redesign
• RevED team mentors faculty in the redesign process

Engineering role models

Syllabus and introduction Socially Relevant Examples

Asset-based model of diversity

Diverse Assessment Methods Classroom Interaction
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The academic climate that individual students experience in college is their perceptions of interpersonal interaction, their perceptions of expectations and norms, and their perceptions of what is valued.

A lot of this happens in the classroom, through interpersonal interactions directly related to coursework.  As engineers we don’t always think about how important it is for students to bring their personal identity to the classroom.  But this is essential in order for students to form healthy academic / professional identities.  

It is essential for learning and motivation for students to feel a sense of belonging, a sense of community; to know that they can contribute and that their contributions are valued.

Inclusive pedagogy efforts were informed by a second survey that focused on inclusive pedagogical practices.  

Our inclusive pedagogy efforts focused on providing opportunities for students to make meaningful connections to their own worlds and interests, to share ideas, and contribute to the class. 





Affirming Climate

Social, psychological, structural dimensions

Connections between personal identities & 
academic domains

Effort and achievement
“beyond predictions based on socioeconomic or academic 
indicators”

Source: NAE (2016)
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The social, psychological, and structural dimensions that contribute to the culture of STEM education influence how students connect their personal identities to their academic domains and how they view themselves as learners in those domains (their academic identities).  It shapes their sense of belonging in engineering and their self-efficacy.  

This  subsequently affects their efforts and and their achievement (Cabrera et al., 1999; Eccles et al., 1998; Reid and Radhakrishnan, 2003; Perez et al., 2014).  

The gap in achievement extends beyond predictions based on socioeconomic and academic indicators.
(NAE Barriers p. 60)
 




Affirming Climate
• Link diversity and inclusion with 

disciplinary engineering work
• CEE alumni professional panel
• Women of Color in STEM event

• Expand understanding of character 
traits and education of a successful 
engineer
• Workshops for faculty
• Seminar and Discussion on Low-

income and first-generation to college 
students

Google search: successful engineer
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Our efforts to create an affirming climate focused on increasing the visibility of diverse role models, demonstrating the importance of D&I in disciplinary engineering work, and increasing awareness of the traits of successful engineers.

To increase the visibility of diverse role models and to learn perspectives on the importance of D&I in the workplace,  we held a diversity in CEE professional panel  in the spring.  It was extremely well attended and received great feedback from students.  


We also hosted a Women of Color in STEM event in the fall in conjunction with the NAE event, and it was attended by faculty and students from Rowan’s multiple campuses in the area.  

Last spring we hosted a seminar and discussion with Juan Lucena and Jessica Smith who have done a lot of work around LIFG student experiences, and these were attended by faculty across campus and were standing room only.




Institutional Commitment
• Rethink the reward system

• Make diversity and inclusion an element in 
rewards for faculty 

• Write diversity and inclusion into tenure, 
recontracting and promotion Criteria for 
CEE and ExEEd

Slaton, A. E. (2010). Race, rigor, and selectivity in US engineering: The history of an occupational color 
line. Harvard University Press.
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To demonstrate department and institutional commitment to D&I, we first developed a collective understanding of both diversity and inclusion in the CEE department.

We included diversity and inclusion in the criteria for recontracting and tenure for CEE and ExEEd.




Scale-up
Efforts to apply model campus wide

• Rowan Inclusive Pedagogy 
Certification Program

• Faculty seed funding
• PIPER
• REDI
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Efforts to apply model campus-wide

We are working with the university’s Faculty Center for Excellence in Teaching to establish a campus-wide certificate program in inclusive teaching. Participants will develop a portfolio of inclusive pedagogy in their classes, and this will count toward T&R.  

Seed funding teaching and research proposals (sponsored by the President)

Program for Inclusive Pedagogy and Educational Reform (PIPER)  - seed funding to develop innovative inclusive pedagogy and integrate into courses

Rowan Research Experience for Diversity and Inclusion (REDI) – seed funding for faculty to initiate research around D&I in their disciplines



Challenges
• Engineering students are less likely than their 

peers to believe that topics related to D&I 
belong in the curriculum
• Depoliticization and technical-social dualism (Cech)

• Unconscious bias around engineering values 
(Mejia, Smith)

• Deficit-based view of diversity (Valencia; Svilha)
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I’ve given you an overview of our project and some of our early activities to revolutionize diversity and inclusion in CEE at Rowan.  

Our revolution is in progress – it is in the early stages.  Sustainable change requires culture change which is a slow process.  

To date we have enjoyed support from the students, faculty and institution, and we are working to engage all stakeholders more actively in our efforts.  

The challenges we have encountered are mainly related to shifting engineering culture and values.  While most engineering faculty and students believe D&I are good things - they are less likely than their peers to believe that topics related to D&I belong in the curriculum.  Some faculty and students will need to be convinced that this is necessary or even appropriate.

We are seeing this even with some of the students entering the program. This mentality develops before they even enter engineering.

Researchers have identifies ways in which engineering values can serve as barriers to D&I.  This aligns with our experience as well.  We see the strong emphasis that many faculty put on academic preparation, disregarding the funds of knowledge that many “nontraditional” students bring to engineering.

And we see that deficit-based thinking about diversity is hard to change.  Labeling students in terms of deficiencies or the preparation that they lack,  leads to thinking about students in terms of potential failure. Instead of focusing on what these students don’t have, we need to focus on their strengths and what they do contribute.  We need to develop better expectations for success and ensure that the supports are there to make sure that these expectations are met.
 



https://www.theguardian.com/world/2018/aug/08/tokyo-medical-school-admits-changing-results-to-
exclude-women
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The Tokyo medical school example is really outrageous because it is so overt.  Most people would agree that it is wrong to exclude any group by manipulation of test scores.  

But some forms of discrimination and bias are not as easy to see, especially through a lens of privilege - historical, systemic, and cultural traditions of exclusion. So it isn’t as easy to convince people that it is there and that it needs to change.
  
I have shared with you some of the activities that we are doing as part of our RevEd grant to change the culture in engineering at Rowan and to increase inclusion and diversity.  

Thank you for inviting me here today to share our ideas and experiences.  I’d be happy to answer any questions you might have.
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