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Enhancing
STEM
Learning
in Your K-6
Classroom

Alice A.
Christie, Ph.D.
Arizona State
University
President’s Professor
Emeritus

Online Timer

–U.S. NEWS and World Reports

Overview

It is not a matter of
choice: For the
United States to
remain the global
innovation leader,
we must make the
most of all of the
potential STEM
talent this country
has to offer.

What is STEM Education
and Why is it Important?
Ø Challenge # 1
Ø The 5E Instructional Model
Ø Challenge # 2
Ø Questioning Techniques
Ø STEM Lessons
Ø Planning a STEM Lesson
Ø Case Studies
Ø Print and Online Resources
Ø Reflection and Evaluation
Ø
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What is STEM Education?

Creating a Classroom Culture
Whenever you see this video:
Ø Read the quote and spend one minute
discussing the quote with a partner
Ø Get up
Ø Circulate around the room
Ø Observe an object (or group of objects)
and record your answer to the
question about the object/s
Ø Don’t duplicate anyone else’s answer
Ø Watch the timer: You have 5 minutes to
complete this task

Ø Approach
Online Timer

Ø

to
teaching and
lifelong learning
Ø Collaboration
among educators
to create real
and appropriate
contexts in
curriculum,
instruction, and
assessment

What is STEM Education?
Ø

STEM education has the potential to:
Ø increase student engagement
Ø transform the typical teacher-centered
classroom into a student-centered
classroom
Ø emphasize a
curriculum
that is driven by
problem solving,
discovery, and
exploratory
learning

What is STEM Education?
Ø

Hallmark characteristics of STEM education:
cross-curriculum approaches to learning
technology integration
Ø project-based and problem-based learning
Ø inquiry
Ø college and career readiness
Ø rigorous and relevant curricula
Ø innovative learning environments
Ø high levels of student engagement
Ø
Ø

What is STEM Education?
Ø Provides coherence to educational reforms
Ø Supports the development of core
academic competencies
Ø incorporates skills that transfer across all
disciplines and into the workforce
Ø Prepares students for post-secondary study
and the 21st century workforce
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Rote Memorization is NOT a
necessary 21st century skill

STEM Education Encourages a
Deeper Understanding of Content

What is STEM Education?
Ø Creates

Content
Mastery

digital-age learning
opportunities for all students
Ø Creates skill development in science,
technology, engineering, and math for
all students
Ø Asserts that boundaries between
science, technology, engineering, and
math are permeable
Ø Asserts that its four disciplines are
interdependent

What is STEM Education?
Ø Emphasizes

the natural
interconnectedness of all STEM disciplines
Ø Emphasizes problem solving, critical
thinking, creativity, and innovation
Ø Includes authentic experiences
Ø Allows students to discover, explore, and
apply critical thinking skills as they learn
Ø Offers multiple pathways for learning
Ø Integrates STEM disciplines

The Individual Pieces …
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Interconnected STEM

One of the things that I’ve been focused on as
President is how we create an all-hands-ondeck approach to science, technology,
engineering, and math. We need to make STEM
a priority, train an army of teachers in these
areas, and make sure that all of us are lifting up
these subjects for the respect that they
deserve.

Arizona STEM Network
Ø Four-level

STEM Immersion Guide to
lead teachers, schools, and districts
through the process of STEM
education:
Flagstaff, AZ: America’s
Ø Levels
Ø Exploratory

First STEM Community

Ø Introductory
Ø Partial

President Barack Obama

Ø Full

The Exploratory Model
Traditional school experience
Ø STEM-related extra curricular opportunities
in addition to the regular school day
Ø Examples:
Ø after school clubs
Ø summer programs
Ø science fairs
Ø robotics clubs
Ø video production clubs
Ø coding clubs
Ø

Immersion
Immersion

The Introductory Model
Traditional school experience
STEM-related experiences offered in
addition to the current curriculum
Ø Examples:
Ø integrated STEM units delivered once
the state testing is complete
Ø supplementary stand-alone learning
units offered through industry or nonprofit partnerships
Ø
Ø
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The Partial Immersion Model
STEM-related experiences are integrated
into the current curriculum
Ø Examples:
Ø teaching to a school-wide STEM theme,
Ø teaching year-long integrated ProjectBased or Problem-Based Learning Units
Ø teaching dual-enrollment programs
Ø teaching in a "school within a school"
model
Ø

The Full Immersion Model
Total school experience where STEMrelated experiences are imbedded within
a cross-curricular, thematic focus in ALL
content areas.
Ø Full Immersion schools look more like 21st
Century workplace environments rather
20th century K12 school environments.
Ø Problem-Based Learning drives the
curriculum and instruction.
Ø Students constantly collaborate to
Ø

Ø
Ø
Ø

The central mission of the STEM Education
Coalition is to inform federal and state
policymakers on the critical role that science,
technology, engineering, and mathematics
(STEM) education plays in U.S. competitiveness
and future economic prosperity.

STEM Education Coalition

solve authentic problems
propose solutions
contribute ideas to the larger community

Why is
STEM
Education
Important?
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Is THIS group in a national STEM crisis?

National
STEM
Crisis

Tools in the Nielson Video
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø

Hanging mobile
Fan
Beaker
Flashlight
Compass
Electrodes
Bunsen Burner
Pipette
Goggles
Level
Lamp
Line Graph
Slide Rule
Battery
Volt meter
Scale

Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø

Graduated Cylinder
Balance
Ruler
Protractor
Balloon
Pencil
Measuring Cup
Circuit Board
Maze
Tower
Rocket
Parachute
Pendulum
Pulley
Eraser

Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø

Smartphone
TV
Plastic tubing
Magnets
Magnifier
Stirrer
Incline Plane
T-Square
Solar cells
Calculator
X-Acto Knife
Drafting Triangle
Mini-motors
Fulcrum

National STEM Crisis
Ø 80%

of K-5 teachers report
spending less than 60 minutes
each week on science

Ø 16%

spend
no time
on science

Source: Georgetown Center on
Education and the Workforce

National STEM Crisis

National STEM Crisis

Ø In

Ø By

1970, the US produced more than
50% of the world’s science and
engineering PhDs
Ø In 2010, the
US produced
ONLY 15% of
the world’s
science and
engineering
PhDs

2018, 92% of traditional STEM jobs
will be for those with some
postsecondary education.

Ø Close

to two-thirds of
STEM job openings
will be for those with
Bachelor’s degrees
and above.
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Source: JH Donahue

National STEM Crisis

National STEM Crisis

Ø 89%

of middle school students would
rather do chores than their math
homework

The 25% of the population in
China with the highest IQ’s is
greater than the total
population of North America.

Ø Only

33% of 8th graders are interested in
STEM majors and careers

In India, it’s the top 28%.

Ø Only

6% of high school seniors will earn
bachelor’s degrees in STEM fields

Translation: They have more
honors kids than we have
kids.

Source: http://www.youtube.com/watch?v=vdvo5FlRqmM

Source: JH Donahue

STEM Education:
Important to our Economic Future

National STEM Crisis
Ø 18%

of high school seniors are rated as
science proficient; 33% as math
proficient

Projected Percentage Increases in STEM Jobs: 2010-2020
70%

62%

60%
50%

Ø The

US is ranked
27th (of 29) for
the rate of STEM
bachelor’s
degrees
awarded in
developed countries

40%

20%

1st
2nd

10th

4th

15th

6th

22%
14%

16%

0%
All
Mathematics Computer
Systems
Occupations
Systems
Software
Analysts Developers

Reading

Medical
Scientists

Biomedical
Engineers

AAU Report
Degree Completion Report
Problem
Solving

Math

5th

3rd
5th

Science

36%

10%

National STEM Crisis
OECD
Ranking
1st

32%

30%

20th

7th

25th

8th

30th

14th

15th

15th
18th

18th

24th

2000 2003

2000 2003

2000 2003

24th

2003

Source: PISA, 2000, 2003
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Apply in EVERY State
As a state, we have a moral
obligation to all of our students — not
just the top 5 or 10 percent — to offer
the STEM skills that will be required in
every 21st-century career.
William L. Walker, Jr., Director
Arkansas Department of Career Education

Challenge # 1

Did You Know
Today’s learner will have 10-14 jobs by the
age of 38.
Ø The top ten in-demand jobs in 2010 did not
exist in 2004.
Ø Teachers are:
Ø

Form teams of 3-4 people
Ø Appoint a scribe who will record your team’s
processes and group roles
Ø Use the supplies at your table
Ø Build the tallest structure you can (use but
don’t incorporate the scissors in your
structure)
Ø Watch the clock: Challenge ends in SEVEN
minutes
Ø

Ø
Ø
Ø

preparing students for jobs that don’t exist
using technologies that haven’t been
invented
to solve problems we don’t even know are
problems

Online Timer

Did You Know
Ø

In 2002, Nintendo invested
more than $140 million in
research and development

Ø

The U.S. Federal Government
spent less than half as much
on Research and Innovation in
Education

Did You Know
Ø

More than 220
of the world’s
largest
companies
have their IT
operations
based in India
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Did You Know
Ø

We live in exponential times:
2.7 zetabytes (2.7x1021) of unique
information will be created worldwide
this year
Ø That is more than in the previous 5,000
years combined
Ø The amount of new technical
information is doubling every 2 years
Ø

Did You Know
Ø

For students starting a four-year technical or
college degree this year:
Ø half of what they learn in their first year
will be outdated by their third year of
study

For a society so deeply
dependent on technology and
engineering, we are largely
ignorant about these concepts
and processes. The US has largely
ignored this incongruity in its
educational system.
Rodger Bybee
Past-President
Biological Sciences Curriculum Study (BSCS)

The 5E Instructional Model

The 5E Instructional Model

Origins:
Ø Dewey’s Instructional Model
Ø Atkin-Karplus Learning Cycle
Ø Developed by the Biological Sciences
Curriculum Study (BSCS)
Ø Adapted from work by
the Southwest Educational
Development Laboratory
(SEDL)

Ø Students:

Ø

Ø are

introduced to a concept
connections to prior
knowledge and what is to be studied
Ø clarify their thinking
Ø become mentally engaged in
new learning experiences
Ø make
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Use this model to
develop STEM lessons

The 5E Instructional Model
Ø Teachers:
Ø ask

questions of students
them in guided inquiry
Ø use strategies (such as KWL) that
make connections between the past
and present learning experiences
Ø set a level of anticipation using the
5E Model to guide them
Ø engage

The 5E Model: Engage
Students:
Ø explore, experiment, & ask questions
Ø engage in observations
Ø use science tools, materials, & manipulatives
Ø collect and record data
Ø Teachers:
Ø access the learners’ prior knowledge
Ø motivate them to become interested and
engaged in new concepts
Ø use short activities that promote curiosity and
elicit prior knowledge
Ø

The 5E Model: Explore

The 5E Model: Explain

Students:
Ø explore or experiment
Ø engage in observations
Ø use science tools, materials, & manipulatives
Ø collect and record data
Ø Teachers:
Ø set up the investigation
Ø guide students in inquiry
Ø ask probing questions to clarify understanding

Ø

Ø

The 5E Model: Elaborate/Extend

Students (in small and/or whole groups):
Ø verbalize their understandings from the
Explore phase
Ø look for patterns in their data
Ø describe what they observed
Ø Teachers:
Ø ask probing questions
Ø encourage students to look for patterns in
their data
Ø encourage students to look for irregularities in
their data

The 5E Model: Elaborate/Extend
Ø

Ø

Students:
Ø expand their learning
Ø practice skills and investigative behaviors
Ø make connections to related concepts
Ø make connections to the world around them
Ø apply their learning to related concepts

Teachers:
Ø provide learning opportunities for students to:
Ø apply their knowledge
Ø gain a deeper understanding
Ø plan activities that include:
Ø reading articles and books
Ø writing
Ø designing other experiments
Ø exploring related topics
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Guide for lesson planning

The 5E Model: Evaluate
Students:
Ø answer questions
Ø pose questions
Ø illustrate their knowledge (understandings)
Ø illustrate their skill (abilities)
Ø Teachers:
Ø diagnose student understanding
Ø use formative assessment (ongoing & dynamic)
Ø use summative assessment (end-of-lesson final
test or product)

5E Learning Model: Flow

Ø

Engage

Explore

Explain

Extend

Evaluate

• Focus
attention
• Stimulate
thinking
• Access prior
knowledge

• Guide
students to:
• think
• plan
• investigate
information
• collect
information
• organize
information

• Analyze the
learning and
deepen
conceptual
understanding

•Expand
•Solidify
•Understand
•Apply to realworld
situations

• Informal
and formal
assessment

Whether they’re exploring biotechnology,
mixing up chemistry in the kitchen, or
learning about engineering and the design
process, girls are moving forward into the
future. They can learn techniques used by
forensic scientists, build robots and
participate in citizen science projects.
- Girl Scouts of the Chesapeake Bay

STEM Guiding Principles

Challenge # 2

Ø

Focus on Integration
Establish Relevance
Ø Emphasize 21st Century Skills
Ø Challenge Your Students
Ø Provide a variety of outcomes
in STEM units of study

Ø

Ø

Ø

Vasquez, Comer, and Sneider (2012)

Form teams of 3-4 people
Appoint a scribe who will record your team’s
processes and graph your results
Ø Inspect the elements in your challenge bag
Ø Categorize and graph using the most salient
characteristic of items in your bag
Ø Categorize and graph using a second
characteristic of items in your bag
Ø Watch the clock: Challenge ends in TEN
minutes
Online Timer
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Education at all levels in science,
technology, engineering, and mathematics
—STEM—develops, preserves, and
disseminates knowledge and skills that
convey personal, economic, and social
benefits. Higher education provides the
advanced work skills needed in an
increasingly knowledge-intensive,
innovation-focused economy and society.
- National Science Foundation

Questioning

Questioning

Direct recall questions (what or when):
Ø teacher-directed classroom
Ø single correct answer is valued
Ø Probing, divergent, and elaborating
questions:
Ø central to learning, growing, and
making sense of our world
Ø powerful tools for:
Ø making decisions
Ø solving problems
Ø inventing
Ø changing and improving our lives and
others’ lives
Ø

Developing probing questions is difficult
Teachers need to develop and hone this
skill
Ø Probing divergent, and elaborating
questions:
Ø engage and enable students to think
deeply
Ø promote student inquiry
Ø increase student engagement and
achievement
Ø
Ø

Open and Closed Questions

Questions
Ø
Ø
Ø
Ø

Ø

Open Questions
Probing Questions
Divergent Questions
Elaborating Questions

Open

Types

Levels
Ø
Ø
Ø
Ø
Ø
Ø

Knowledge
Comprehension
Application
Analysis
Synthesis
Evaluation

Closed

Ø
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Probing Questions

Divergent Questions
Ø
Ø
Ø
Ø

One of the central elements of inquiry
learning
Engage students in classroom discussions
Encourage students to think independently,
creatively, and critically
begin with:
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø

Elaborative Questions

Imagine...
Suppose...
Predict...
If..., then...
How might...
Can you create...
What are some of the possible consequences...
What if...

Blooms Taxonomy

Extend and stretch our thinking
Make inferences about our learning
Ø Begin with:
Ø What does this mean?
Ø What might it mean if certain conditions
were different?
Ø How could I take this farther? What is
the logical next step? What is missing?
What needs to be filled in?
Ø What are the implied or suggested
meanings?
Ø

Evaluation

Ø

Level 1: Knowledge
who
Ø what
Ø why
Ø when where
Ø which
Ø omit
Ø choose
Ø find
Ø how
Ø define
Ø

label
Ø show
Ø spell
Ø list
Ø match
Ø name
Ø relate
Ø tell
Ø recall
Ø select
Ø

Synthesis

	
  

STEM
Education

Analysis
Application
Understanding
Knowledge

Level 2: Comprehension
compare
contrast
Ø demonstrate
Ø interpret
Ø explain
Ø rephrase
Ø translate
Ø summarize
Ø show
Ø illustrate
Ø classify

What is the main idea of…?
What facts show…?
Ø Explain what is happening…?
Ø What does _____ mean?
Ø How would you classify the
type of…?
Ø Put in your own words…
Ø What statements support…?
Ø How would you summarize…?
Ø How would you rephrase the
meaning of…?

Ø

Ø

Ø

Ø
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Level 3: Application

Level 4: Analysis

Level 5: Synthesis

Level 6: Evaluation

Questions Aligned with the Scientific Process

Questions Aligned with the Scientific Process
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Encourage Students to Ask Questions
Ask as many questions as you can. Give
students license to ask.
Ø Do not stop to discuss, judge, or answer
any question. Create a safe space and
protection for all students.
Ø Record every question exactly as It Is
stated. Level the playing field So all
questions and voices are respected.
Ø Change any statement into a question.
Ø

Source: Make Just One Change: Rothstein and
Santana, co-directors of Right Question Institute

We must ensure a STEM-capable citizenry.
All U.S. citizens should have an
understanding of scientific and
technological knowledge, engineering
principles, and quantitative methods
sufficient to succeed in public life and in
their careers, and to make informed
decisions about issues facing our Nation
and our planet.
President’s 2010 Council of Advisors on
Science and Technology

Motivating STEM Lessons
Push students to go deeper
and master rigorous STEM
skills and concepts
Ø Prepare students to solve
problems
Ø Demand critical thinking
Ø Provide scaffolding to
develop STEM skills that will
enable students to
become independent
learners
Ø

Motivating STEM Lessons
Ø

Change the way students:

think
approach ideas
Ø solve problems
Ø research
Ø plan and execute a design process
Ø
Ø
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Attributes of a STEMCentric Learning Environment
Pedagogy and
Curriculum

Teachers

Students
•

is project – based
problem – based
Inquiry – based

•
•

•
is trans-disciplinary

•
•

incorporates content
•
standards and the
STEM Standards of
Practice

collaborate with educators
in other disciplines
develop integrated lessons

understand and can
describe the relationship
between:
• content topics
• real world connections
• work performed by
STEM professionals

facilitate student
engagement questioning
•
ask questions that promote
higher order thinking
guide students through the
problem solving process

are actively engaged in
• questioning
• problem solving
• hands-on activities

involve students in the real
world application of
content

•

collaborate and function as
subject matter experts to
address real world
connections

Preschool Linkages to STEM
Ø Skills

developed from birth to five –
through play and early language
development – are the foundation
for success in STEM

Ø

Mathematics
Ø Number Sense
Ø Patterns & Relationships
Ø Shapes & Spatial Sense
Ø Measurement
Ø Data Collection & Analysis

Attributes of a STEMCentric Learning Environment

Pedagogy and
Curriculum……

Teachers……

Students……

incorporates content
standards from multiple
disciplines to address real
world connections

provide opportunities for
design and conduct
students to design and
investigations to address
conduct investigations real
real world problems
world problems

incorporates International
Society for Technology in
Education (ISTE)
Standards

are able to use the
provide support to students
necessary and available
in their use of technology to
technology to discover and
exploration and solve real
address real world
world problems
problems

provides accelerations or
enhancements to
accommodate diverse
learners

conduct ongoing
assessments of students’
performance, both formally
and informally, to guide
instruction and raise the
quality of teaching.

effectively communicate
ideas, data, design
products, conclusions, and
results to diverse
audiences using a variety
of presentation tools and
styles

Preschool Linkages to STEM
Ø Science
Ø Inquiry

Skills
Ø Earth and Space
Sciences
Ø Life Sciences
Ø Living Things and
Their Environments
Ø Technology and
Engineering

Ø Health

Education

Ø Physical

Development
& Health
Care
Ø The Physical Sciences
Ø Safety

Common Core Linkages to STEM
Ø

Cross-curricular skills that are mandatory to
STEM education include:
interpretation, analysis, evaluation
explanation, description, organization
Ø comparison and contrast
Ø inquiry
Ø symbolization and representation
Ø
Ø
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Use a learn-by-doing, constructivist
approach to ensure that participants are
actively engaged, challenged to learn and
integrate new concepts, working
collaboratively, learning from their mistakes,
and applying their new understandings/skills
to their own situations.

Discussing Model Lesson Ideas
Which object (or group of objects) and
accompanying question was most
intriguing? Why?
Ø What did you learn from this ongoing
activity?
Ø What are the characteristics of a
classroom culture that supports STEM
education?
Ø What ideas did you get for creating
motivating STEM lessons from this activity?
Ø

- Alice A. Christie, Ph.D.

STEM Curriculum Resources

Video Resources
Math TV
Khan Academy
Ø WatchKnowLearn
Ø NeoK12
Ø The Futures
Channel
Ø Annenberg
Learner
Ø YouTubeEdu
Ø

Ø

Dr. Wesley Fryer
Ø
Ø
Ø
Ø
Ø
Ø
Ø

Curiosity Links
Kitchen Chemistry
Green Screen and Stop Motion
Catapults
Cantilever Spans
Makers Club
AudioBoom Recordings

Ø

Creating and Sharing a
STEM Lesson

Creating and Sharing a
STEM Lesson

Ø

What’s your topic?
What probing, divergent, and elaborative
questions you will ask?
Ø What activities will foster the 5Es?

Ø

Ø

Ø

Ø
Ø
Ø
Ø
Ø

Ø

Send your lesson to alice.christie@asu.edu
I will post all lessons

Engagement
Exploration
Explanation
Extension
Evaluation

What level of questioning will you use?
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Print and Online Resources
Ø

Let’s look at our workbook to identify

Ø
Ø

Print resources
Online resources

Evaluation
Ø

Reflection
Ø

What did you see modeled today?

Ø

What strategies you saw today can you
incorporate into your classroom?

Ø

How did your understanding of STEM
education deepen?

Ø

How will you share what you learnewd
today?

Contact Information

Please complete the evaluation in the
back of your workbook.
Alice Christie, Ph.D.
alice.christie@asu.edu
www.alicechristie.org
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