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What is STEM? 

Presentation 2/24-25/2014 
by Amber O’Reilly C/K CAST STEM RT

STEM

· STEM education integrates the study of science, technology, engineering and mathematics by using scientific inquiry and engineering design as unifying processes. 
· STEM emphasizes innovation and the development of problem-solving, critical thinking and collaboration skills.
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​​​Mission

· To prepare all students for the challenges and opportunities in the 21st century global economy by providing rigorous, equitable and accessible education in STEM.

Goals of STEM education in Hawaii's public schools

· Transform and revitalize the teaching and learning of science and mathematics in grades K-12 by purposefully integrating science and mathematics with technology and engineering.

· Proliferate the number of highly qualified and effective STEM teachers as well as the public school system’s capacity to continuously support and develop them.

· Expand STEM learning opportunities and performance expectations for all public school students.

· Significantly increase the number of public school graduates, especially those from traditionally underrepresented groups, who attain college degrees in STEM fields or pursue STEM-related careers.

· Cultivate partnerships with community and corporate partners to offer internships and other real-world learning experiences to public school students.
From The Hawaii State Department of Education website: 

http://www.hawaiipublicschools.org/TeachingAndLearning/StudentLearning/Stem/Pages/home.aspx
__________________________________________________________________________________________________________________________________________________________________________

The implementation continuum for STEM looks at 4 bands
Curriculum

· Articulated K-12 curriculum that includes STEM learning experiences.

· STEM learning experiences are aligned to the CCSS for ELA, Math, and Literacy Standards and HCPS III for other content areas.

Instruction

· Explicit integration of scientific inquiry, technology, engineering design process, and mathematical practices.

Assessment for Learning
· Authentic assessment practices

Collaboration

· STEM Learning Communities

· Network with community, corporate, and higher education partners

Complex Area Field Assessment: Average as of December 2013 is 1.88

__________________________________________________________________________________________________________________________________________________________________________

Why STEM education?

· Advances in science and engineering are essential for ensuring America's and Hawaii's economic growth and our national security. 

· During the next decade, U.S. demand for scientists and engineers is expected to increase at four times the rate for all other occupations. 

· STEM is infused within every facet of our society and plays a major role in determining Hawaii's future viability. 

· STEM education develops tomorrow's innovators who will overcome the unforeseen challenges in healthcare, public safety, the economy and the environment.

STEM Lessons support teacher initiatives
An inquiry based STEM lesson can demonstrate these Charlotte Danielson components:
Component 2b: Establishing a Culture for Learning

Students demonstrate through their active participation, curiosity, and taking initiative that they value the content’s importance.

Instructional outcomes, activities and assignments, convey high expectations for all students. Students appear to have internalized these expectations.

Students demonstrate attention to detail and take obvious pride in their work initiating improvements in it by, for example, revising drafts on their own, or helping peers.

Component 3b: Using Questioning and Discussion Techniques

Teacher’s questions are of uniformly high quality, with adequate time for students to respond. Students formulate many questions.

Students assume considerable responsibility for the success of the discussion, initiating topics and making unsolicited contributions.

Students themselves ensure that all voices are heard in the discussion.

Component 3c: Engaging Student in Learning

All students are cognitively engaged in the activities and assignments in their exploration of content. Students initiate or adapt activities and projects to enhance their understanding.

Instructional groups are productive and fully appropriate to the students purposes of the lesson. Students take the initiative to influence the formation or adjustment of instructional groups

An inquiry based STEM lesson can demonstrate these Common Core writing and math standards.

Anchor Standards for Writing

1. 
Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning and relevant and sufficient evidence.

2. 
Write informative/explanatory texts to examine and convey complex ideas and information clearly and accurately through the effective selection, organization, and analysis of content.

7. 
Conduct short as well as more sustained research projects based on focused questions, demonstrating understanding of the subject under investigation.

9. 
Draw evidence from literary or informational texts to support analysis, reflection, and research.

Standards for Mathematical Practice

1. 
Make sense of problems and persevere in solving them. 

3. 
Construct viable arguments and critique the reasoning of others. 

4. 
Model with mathematics. 

5. 
Use appropriate tools strategically. 

6. 
Attend to precision. 

An inquiry based STEM lesson can demonstrate these Tripod’s 7Cs Framework constructs
· Care: Show concern and commitment.

· Confer:  Invite ideas and promote discussion.

· Captivate:  Inspire curiosity and interest.

· Clarify: Cultivate understanding and overcome confusion.

· Consolidate:  Integrate ideas and check for understanding.

· Challenge: Press for rigor and persistence.

· Control: Sustain order, respect and focus.
STEM Lesson Characteristics

	STEM is

· Student centered

· For all grade levels (K – 12)

· Integrates Science, Technology, Engineering and Math

· Applicable to all content areas

· Innovation, problem-solving, critical thinking, and collaboration

· Project-based, rigorous, relevant, and authentic learning

· For all students


	STEM is not

· Teacher centered

· Only for high school

· Subjects taught in isolation

· Taught only in Math and Science classes

· Only notes or worksheets

· Primarily assessed through multiple choice tests.

· Highly specialized for elite students or students already interested in Science, Engineering, Technology, or Math




STEM uses Scientific Inquiry

Regarding students’ abilities to do scientific inquiry, NSTA recommends that teachers help students

· Learn how to identify and ask appropriate questions that can be answered through scientific investigations.

· Design and conduct investigations to collect the evidence needed to answer a variety of questions.

· Use appropriate equipment and tools to interpret and analyze data.

· Learn how to draw conclusions and think critically and logically to create explanations based on their evidence.

· Communicate and defend their results to their peers and others.

Regarding students’ understanding about scientific inquiry, NSTA recommends that teachers help students understand

· That science involves asking questions about the world and then developing scientific investigations to answer their questions.

· That there is no fixed sequence of steps that all scientific investigations follow. Different kinds of questions suggest different kinds of scientific investigations.

· That scientific inquiry is central to the learning of science and reflects how science is done.

· The importance of gathering empirical data using appropriate tools and instruments.

· That the evidence they collect can change their perceptions about the world and increase their scientific knowledge.

· The importance of being skeptical when they assess their own work and the work of others.

· That the scientific community, in the end, seeks explanations that are empirically based and logically consistent.

From the National Science Teacher Association Position Statement  http://www.nsta.org/about/positions/inquiry.aspx
STEM uses the Engineering Design Process

The engineering design process involves a series of steps that lead to the development of a new product or system. In this design challenge, students are to complete each step and document their work as they develop their lunar plant growth chamber. The students should be able to do the following:
1.
State the Problem - Students state the challenge; specify design requirements (criteria) and list limits due to available resources and the environment (constraints). 

2. 
Generate Ideas: Students research the problem by reading books and searching the Internet.  Students brainstorm possible solutions. Students develop two or three ideas more thoroughly and make sketches to show parts and measurements.  

3. 
Select a Solution: Students work in teams and identify the design that appears to solve the problem the best. Students write a statement that describes why they chose the solution including reference to the identified criteria and constraints. 

4.
 Build the Item: Students will construct a full-size or scale model based on their drawings. The teacher will help identify and acquire appropriate modeling materials and tools. 

5. 
Evaluate: Students will test their model and gather data on its effectiveness based on the initial challenge and its criteria and constraints. If necessary, students will modify the model and test again to achieve the most effective results.
6. 
Present Results: Students will present, in written or verbal form, their model and the results of their tests based on the initial challenge and its criteria and constraints.  Students will suggest other ideas that could be used to address the challenge or other used of the model they created.

From the NASA Engineering Design Process   http://www.nasa.gov/audience/foreducators/plantgrowth/reference/Eng_Design_K4.html#.UqlJftJDt14
STEM Lesson Example – High School
Identify Unknown Lab

· Teacher tell students possible identities of unknowns (baking soda, starch, flour)

· Teacher tells students how to test for unknowns (add iodine)

· Teacher tells students the values for each unknown (starch turns purple with iodine)

· Students write the name of each unknown

How can we make this a STEM lesson?

Add Scientific Inquiry

· Teacher tell students possible identities of unknowns (baking soda, starch, flour)

· Students research each unknown to determine how to  test it and the values for each unknown (starch turns purple with iodine)

· Students design and perform tests on the unknowns.  If results are inconclusive students need to choose another test. (starch and flour both turn purple with iodine)

Add Relevance

· These white powders were found at the local dump.  Determine the hazards of each and write a report to the community association to inform the community of the health risks.

· These metal samples were found in mine on your neighbors property.  She wants to know what each one is and how much she could sell them for.

· These blood samples were found at a store where an iPad was stolen. The store owner wants to use the blood to identify which employee stole the iPad.

Add Analysis

· What are the trends in the data?  Support this statement using multiple data points. 

· What is a possible error in the way the experiment was conducted? What effect could this error have had on the accuracy of the data? How could the experiment be improved to remove this error?

Add Argument  (Common Core Writing from 6th grade)

Claim: Make a testable statement that answers the Experimental Question. The claim should be concise, 1-2 sentences, should relate directly to the experimental question, and should focus only on the most important features of the experiment.

Evidence: Refer to data from the experiment that supports the claim.  Date is relevant, sufficient and accurate. Relevant means that the data relates to and supports the claim.  Sufficient means there must be multiple data points that support the claim, this can include observations.  Accurate means correct in all details and free from error or defect, including correct units.
Reasoning: Explain how the evidence supports the claim by connecting it to scientific background knowledge or a scientific theory.  It shows why data counts as evidence. If more than one piece of evidence is provided each piece of evidence has its own reasoning section.

Counter Claim (Rebuttal): Recognize and describe an alternative answer to the Experimental Question.  Then provide counter evidence and reasoning for why the alternative explanation is incorrect and why your original claim is still the most valid explanation of the data. Alternative explanations may include: other scientific theories, physical or chemical properties (variables) not accounted for in the procedure, or experimental errors that were significant enough to affect the data

Conclusion: Summarize all the evidence and reasoning to draw conclusions about experiment.  Illustrates understanding of how experiment fits into the “big picture”.  Incorporates background knowledge, and makes connections to science concepts studied in class, and real life events.  At least one paragraph.
Fill the Bill
Experimental Question: _____________________________________________________ 
_________________________________________________________________________
Hypothesis: Choose 1 food type and predict which bill would ‘eat’ 5 pieces of food the fastest.

· The _________________ bill will eat the __________________ faster than the other 3 bills.

Experimental Procedure

· Time how long it takes to collect 5 food items with the bill.  
· Collect food one piece at a time and place in the stomach.  
· Do not put any non-food items in the stomach. 
· Repeat for each bill type.
Record the time on the data table. Math
	Food:
	

	Fork
	             Seconds

	Spoon
	             Seconds

	Tweezers
	             Seconds

	Chopsticks
	             Seconds


Make a bar graph of the data. Math 
Time to collect 5 ____________ items
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Bill Type
Analysis: The _________________ bill ate the __________________ faster than the other 3 bills.

Conclusion (written in Common Core Opinion format)
· Introduce the topic.
· State your opinion to answer Experimental Question. 
· Use data to support the opinion
· Provide a concluding statement.
Fill the Bill Standards

HCPS III Science standards

SC.3.1.1: Pose a question and develop a hypothesis based on observations

SC.3.1.2: Safely collect and analyze data to answer a question

Common Core Math Standards

CC.3.MD.1:  Tell and write time to the nearest minute and measure time intervals in minutes. 

CC.3.MD.3 Draw a scaled picture graph and a scaled bar graph to represent a data set with several categories. 

Common Core Writing Standards

CC.3.W.1 Write opinion pieces on topics or texts, supporting a point of view with reasons.

a.
Introduce the topic or text they are writing about, state an opinion, and create an organizational structure that lists reasons.

b. 
Provide reasons that support the opinion.

c. 
Use linking words and phrases (e.g., because, therefore, since, for example) to connect opinion and reasons.

d. 
Provide a concluding statement or section.

CC.3.W.7 Conduct short research projects that build knowledge about a topic.

CC.3.W.7 Write informative/explanatory texts to examine a topic and convey ideas and information clearly.

a. 
Introduce a topic and group related information together; include illustrations when useful to aiding comprehension.

b. 
Develop the topic with facts, definitions, and details.

c. 
Use linking words and phrases (e.g., also, another, and, more, but) to connect ideas within categories of information.

d. 
Provide a concluding statement or section.
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