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Need for Change





Ten Forces That Changed the World
• Collapse of Berlin Wall-- (11/09/1989)

• Netscape -- (8/9/1995)

• Work Flow Software: The ability of machines to talk to other machines with no humans involved.

• Uploading: Communities uploading and collaborating on online projects. Examples include open 
source software, blogs, and Wikipedia

• Outsourcing: outsourcing has allowed companies to split service and manufacturing activities into 
components, with each component performed in most efficient, cost-effective way.

• Offshoring: Manufacturing's version of outsourcing.

• Supply-Chaining: modern retail supply chain is like a river, Wal-Mart as an example of a company 
using technology to streamline item sales, distribution, and shipping.

• Insourcing: UPS as a prime example for insourcing, in which the company's employees perform 
services--beyond shipping--for another company. For example, UPS itself repairs Toshiba 
computers on behalf of Toshiba. The work is done at the UPS hub, by UPS employees.

• In-forming: "Never before in the history of the planet have so many people-on their own-had the 
ability to find so much information about so many things and about so many other people”

• "The Steroids": Personal digital devices like mobile phones, iPods, personal digital assistants, 
instant messaging, and voice over Internet Protocol (VoIP).
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List of Ten Forces
Collapse of Berlin Wall--11/89: The event not only symbolized the end of the Cold war, it allowed people from other side of the wall to join the economic mainstream. (11/09/1989)
Netscape: Netscape and the Web broadened the audience for the Internet from its roots as a communications medium used primarily by 'early adopters and geeks' to something that made the Internet accessible to everyone from five-year-olds to eighty-five-year olds. (8/9/1995)
Work Flow Software: The ability of machines to talk to other machines with no humans involved. Friedman believes these first three forces have become a “crude foundation of a whole new global platform for collaboration.”
Uploading: Communities uploading and collaborating on online projects. Examples include open source software, blogs, and Wikipedia. Friedman considers the phenomenon "the most disruptive force of all."
Outsourcing: Friedman argues that outsourcing has allowed companies to split service and manufacturing activities into components, with each component performed in most efficient, cost-effective way.
Offshoring: Manufacturing's version of outsourcing.
Supply-Chaining: Friedman compares the modern retail supply chain to a river, and points to Wal-Mart as the best example of a company using technology to streamline item sales, distribution, and shipping.
Insourcing: Friedman uses UPS as a prime example for insourcing, in which the company's employees perform services--beyond shipping--for another company. For example, UPS itself repairs Toshiba computers on behalf of Toshiba. The work is done at the UPS hub, by UPS employees.
In-forming: Google and other search engines are the prime example. "Never before in the history of the planet have so many people-on their own-had the ability to find so much information about so many things and about so many other people", writes Friedman.
"The Steroids": Personal digital devices like mobile phones, iPods, personal digital assistants, instant messaging, and voice over Internet Protocol (VoIP).




What Do Kids Need?

• Today’s kids need new skills to be successful (e.g., 
creativity, critical thinking, teamwork, communication).

• Our world is complex and interconnected (especially 
compared to the really old days)

Used with permission from V. Shute



Teaching and Learning
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The world has changed a lot in the past 100years.  Education has not.



The Goal

“moving STEM from a conundrum and a loose 
affiliation of disciplines to a powerful domain for 
structuring K-16 learning based upon a coherent 
set of shared practices and cross cutting 
concepts appears to be within our collective 
reach,” 

Moon & Singer, January 2012



21st Century Competencies
AKA - How Do You Keep Your Kids Out of the 

Basement When They are 40





The History and Evolution of Classroom Science



Direct 
instruction

Hands-On

Inquiry

3 Dimensional (3D) 
Science instruction

The History and Evolution of Classroom 
Science



Direct Instruction



Pros:

It’s easy

We teachers 
feel smart 
and in control

It works for 
some 
students

Direct Instruction



Pros:

It’s easy

We teachers 
feel smart 
and in control

It works for 
some 
students

Cons:

It doesn’t work for 
everyone:

“students in classes 
with traditional stand-
and-deliver lectures 
are 1.5 times more 
likely to fail than 
students in classes that 
use more stimulating, 
so-called active 
learning methods.” 
(Freeman, et al. 2014 )

Direct Instruction
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Even back in 1936 - Vygotsky said “As we know from investigations of the process of concept formation, a concept is more than the sum of certain associative bonds formed by memory, more than a mere mental habit; it is a complex and genuine act of thought that cannot be taught by drilling but can be accomplished only when the child’s mental development itself has reached the requisite level “ - 



Telling is Not Teaching – Listening is Not Learning



Something happened on Oct. 4, 1957
But, that’s not enough to change science education...



Hands-On (1970-80s)
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Pros:

Fun and 
engaging for 
students

Hands-On (1970-80s)



Pros:

Fun and 
engaging for 
students

Cons:

Students can 
participate 
without learning

Scary for 
teachers

Hands-On (1970-80s)



Inquiry (1990s) - Teaching Focused
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AAAS Benchmarks for Science Literacy (1993)
NRC National Science Education Standards (1996)



Pros:

Engages 
students in 
authentic 
scientific 
practices.

Inquiry (1990s) - Teaching Focused



Pros:

Engages 
students in 
authentic 
scientific 
practices.

Cons:

Difficult to teach 
to teachers

When done 
poorly, increased 
opportunity gap.

Inquiry (1990s) - Teaching Focused



Inquiry (2000s) Learning Focused 
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NRC Taking Science to School (2007)
NRC Ready, Set, SCIENCE! (2008)



Pros:

Again, engages 
students in 
authentic 
scientific 
practices.

Inquiry (2000s) Learning Focused 



Pros:

Again, engages 
students in 
authentic 
scientific 
practices.

Cons:

Again, difficult to 
teach to teachers

Difficult to get 
teachers to stop 
focusing mostly on 
content

Some students thrive 
and some fall behind

Inquiry (2000s) Learning Focused 



3 Dimensional Teaching and Learning (2012)



Science Teaching and Learning Past and 
Present
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Persistence and Creativity

Failure is information – we label it failure, 
but it’s more like, ‘This didn’t work, I’m a 
problem solver, and I’ll try something else.’

Carol S. Dweck



Seven Most Important STEM Skills We Should Be 
Teaching Our Kids
• Statistics
• Problem Solving 
• Creativity
• Persistence
• Argumentation
• Intellectual Curiosity
• Data-Driven Decision Making
• Flexibility

Available at:  https://www.weareteachers.com/important-stem-skills-teaching-kids/
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“If I were to choose one specific discipline for students to study, it would be statistics, a course that can be applied across all STEM fields. You don’t need higher levels of calculus or physics for all STEM careers, but you do need statistics. A deep understanding of statistics means understanding probability and error rates, concepts that cut across almost any type of problem you want to solve in STEM.”
—Gregg Fleisher, president, National Math and Science Initiative, Dallas, Texas 

“What binds together the STEM movement is the notion of modern skills. Employers talk about problem-solving. Society requires problem-solving. Doing your taxes requires problem-solving. Those are the types of skills that really matter. A practicing engineer will tell you, ‘I didn’t use the calculus I learned to solve problems on paper, but the way it taught me to solve problems and to think about problems was really important.’”
—James Brown, executive director of the STEM Education Coalition in Washington, D.C., and a nuclear engineer by training

“Creativity can be simple and complex at the same time. We don’t always teach to think outside of the box. You’ve got to look at a problem from a different perspective sometimes. Teachers can nurture this by asking open-ended questions. In math and science, you can show different models so students get varying ideas of how it might look to bring together one idea. Or don’t show a model at all and leave it a little open-ended so they have to come up with a solution on their own. Ask: ‘Why do you think this is?’ Reflecting and explaining what they did to solve a problem can foster creativity and teach collaboration—another important skill.”
—Jenny Nash, education specialist with LEGO Education in Boston, former middle school teacher and teacher-preparation instructor

“The act of arguing is using evidence to support a claim. In the STEM fields, this means using analytical and critical-thinking skills to look for patterns in data, trying to determine what those patterns mean, and then using that data to support a claim. This skill transfers across all disciplines. In an elementary school science class, for example, if you give students a lot of different experiences with noisemakers—everything from tuning forks to speakers to whoopee cushions—they have the experience of collecting data. And then they will be able to use that data to make the argument that sounds are caused by vibrations.”
—Eric Brunsell, associate professor of science education and director of the teacher education program at University of Wisconsin, Oshkosh

“The days of coming into an organization and having the same role forever are over. Many people will have two-year stints and then are moved into a different role. That’s the nature of modern career paths. Beyond mastering content, individuals need to be innovators, learn from failures and keep moving on. You need to cut across disciplines and be able to ask the questions that help build connections. People need to be lifelong learners and be driven by an intellectual curiosity to try to figure things out.”
—Ted Wells, vice president and chief strategy officer at STEMconnector®, in Washington, D.C.

“Students need to be able to make a decision not just based on what they think or feel, but on scientific data that supports the best solution. Everyone needs to know how to do this. It doesn’t matter whether you go on to a career in STEM or not—you need to know how to use data to make informed decisions in your life.”
—Stacy Klein-Gardner, director of Center for STEM Education for Girls at Harpeth Hall School in Nashville, Tennessee. She is a biomedical engineer and on faculty at Vanderbilt University.

“People are now required to adapt quickly to new demands and new situations. They need quantitative skills to manipulate data well. They need to be able to communicate clearly. There is a broad set of skills that, I would argue, everyone needs. Just look at the sheer number of people in manufacturing who were skilled at what they did but who now need a whole new set of skills, often late in their careers, to be viable in the job market. They need to know statistics, technology, quality control. They need to understand programming and systems to ensure the automated production technology is operating correctly. The trick for teachers is to give their students authentic problems to tackle in school, problems that require students to draw on different areas of knowledge and skill.”
—Claus von Zastrow, chief operating officer and director of research for Change the Equation in Washington, D.C. 




Influence of Research



It All Starts With A Vision
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The Framework provides a vision for science education in this nation.  The vision include a set of standards that are student performance expectations. 



A Framework for K-12 Science Education 
(NRC, 2012 pp 8–9)

“The Framework is designed to help 
realize a vision for education in the  
sciences and engineering in which 
(all) students, over multiple years of 
school, actively engage in science and 
engineering practices and apply 
crosscutting concepts to deepen their 
understanding of the core ideas in 
these fields.”

Vision of the Framework



Importance of STEM Integration
• Make the integration explicit. 

• Across a unit of instruction the connections cannot be assumed.
• Make clear the connections for students and teachers.

• Support the content and processes of individual STEM 
disciplines.

• The assumption that students can make connections among the content and 
processes of four disciplines when they may not understand one or two of the 
disciplines is, on the face of it, questionable. 

• Use a measured and strategic approach to the integration 
of STEM.

• Depending on the understanding of STEM disciplines, level of student 
engagement, and complexity of the context, use caution relative to the degree 
and depth of integration (i.e., more integration may not be better). 

Honey, et al., 2014, p. 7 
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First, instructional practices that help students integrate concepts from STEM promote transfer of knowledge to new situations. 
Second, to be most beneficial educational experiences should first support the individual STEM disciplines because students have difficulties connecting the disciplines if they do not understand them as separate entities of content and processes. 
Third, teaching STEM in the context of real-world issues can be engaging for students and teachers. Here are recommendations for the design of STEM experiences. 




Importance of Professional Learning

“One limiting factor to teacher 
effectiveness and self-efficacy is 
teachers’ content knowledge in the 
subjects being taught.” 

Honey, et al., 2014, p. 7 
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The expertise of educators working in classrooms and in after-/out-of- school settings is a key factor—some would say the key factor—in determin- ing whether integrated STEM education can be done in ways that produce positive outcomes for students. One limiting factor to teacher effectiveness and self-efficacy is teachers’ content knowledge in the subjects being taught. For example, most K–12 science and mathematics teachers have taken fewer courses in the subject area(s) in which they were prepared than are recom- mended by their respective teacher professional associations, and many have taken few courses in other areas of STEM. 




Students as Innovators



Creating Innovators (Wagner, 2012) 

• Collaboration versus individual achievement,
• Multidisciplinary learning versus specialization,
• Trial and error versus risk avoidance,
• Creating versus consuming, and
• Intrinsic versus extrinsic motivation.
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These features can be incorporated in curriculum materials designed for STEM programs. Although the words may seem different from those used in discussions of STEM disciplines, I think STEM teachers can easily translate them to student collaboration, interdisciplinary materials, experiential activities, investigations, creativity, and engaging meaningful contexts for activities.




“We already do that”

The Elkins Principle

The probability of those who say “they already do that” is inversely proportional 
to the number of people who “say we do that”.  
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The probability (they already do that) is inversely proportional to the number of times they say “we do that”. This has come to be known as the Elkins Principle.





Have a Joe DiMaggio Day!



Questions?



Peter J. McLaren
Executive Director
Next Gen Education, LLC
mclarenpeterj@gmail.com
401-419-8785

Twitter
@peterjmclaren

Contact Information
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