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\ Definitionso S.T.E.M. versus STEM
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‘Definitions&i S.T.E.M. versus STEM
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Definitionsd Technology & Engineerir

A Technology Is the tools, materials, and
processes we use to meet human needs and
wants (Teea, 2000)

c Technology | Computers

A Engineering (big E) Is the profession
A engineering (little e) the application of math
and science to design solutions to problems




Definitionsd Clarifying STEM

AT&EINnSTEM

A Integrative STEM education

¢ Connections across the disciplines need to be
Intentional
A Curriculum
A Instruction
A Assessments

A STEAM, BSTEM, ISTEM, STEM-r e| at ed




‘ Implementation PlanOriginal

A Support & Approval

A STEM Program Proposal
¢ What is STEM?
¢ Why is Integrative STEM Education important?

¢ What does the evidence show regarding integrative
STEM education?

¢ How can we develop an integrative STEM education
program at Starpoint?

c Cost estimate




‘ Implementation PlanOriginal

Procedures Yearl | Year2 | Year3 | Year4 Year 5

Find 1-2 teachers willing to collaborate A B C D

Conduct observations A B C D

Resolve student scheduling challenges A

Curriculum developmeritover the summern A B C D

Teach the curriculum A A,B |ABC|ABCD
Refine the curriculum A A,B A B,C|ABC,D
Collect evidence to demonstrate student A A,B A B,C|ABC,D

SUCCESS

Year 1: 20112012

A Goals

¢ 4-course sequence & STEM certificate

¢ Courses based on grade level




‘ Implementation PlanActual

A STEM: Physics 20121 2013

A STEM: Chemistry 2014 7 2015

A STEM: Biology 201571 2016

A STEM: Earth Science 20161 2017

A STEM: Geometry 20171 2018 New!?

A Content taught in core subjects is applied to
everyday technological problems in STEM
class




\ Curriculum, Instruction & Assessmel

A Time
¢ 3 summer curriculum days i 5 hours each
A Physics (2)
A Chemistry (4)
A Biology (3)
A Earth Science (3)
A Geometry (3)

¢ Periodic (~15 minutes) meetings throughout the
year

¢ Personal planning & preparation




\Curriculum, Instruction & Assessmer

A Signature Pedagogies (shulman, 1986)
¢ Science 1 Inquiry
¢ Mathematics T Quantitative reasoning
¢ Technology/Engineering i Design

A Design-based approach to instruction
¢ Problem-based learning

¢ Design challenges: context, real-world challenge
& frame the problem




\ Currlculumjnstructlon & Assessmen

Reflect and ) Frame the
Commumcate Problem

Redesign for \ / Conduct
Improvements Research
' (Cyclical & Iterative) i

Test the Develop

Possible
Solution
Soluhons

Construct the Select a
Solution Solution

The Technologlcal Design Process

(Schurr2011)




‘ Curriculum, Instruction &ssessment

A Dally journals

A Design challenges
¢ Brainstorming sketches
¢ Data table
¢ Conclusion questions
G

Rubrics

A Process

A Project performance
A Construction

A Class participation (every 5-weeks)




'Content- STEM: Physics

Introduction
Laboratory
SY:1114Y
Kinematics &
Graphing
Vehicle Design

Forces
Bridge Design

Projectile
Motion/Circular
Motion/Energy
Catapult
Design
Momentum
Crumple Zone
Design

Laboratory safety
Technological Design
Process & Systems Models
Position vs. Time Graphs
Velocity vs. Time Graphs
Acceleration vs. Time Graphs
Transportation Systems
Forces & Vectors
Compression & Tension
Ne wt offbasy 2
Equilibrium: £ E =
Energy

Circular Motion
Projectile Motion
Accuracy and Consistency
d=Vt+%at?
Impulse/Momentum

Ne wt o ffbasy 2
Energy

Material Strength
Compression
J=Ap=mMv=Ft
V;=1;+2ad

Mechanical Power Plants
Energy Energy Transfer
Power Plant Work vs. Power
Design Efficiency
Energy Generation
W work
P = -
£ fime

Mechanical
Waves
Instrument
Design

Longitudinal Waves
Transverse Waves
Frequency and Wavelengths

v=f4

Basic Electronics
Series Circuits

Parallel Circuits
Voltage and Amperage
V=IR

Current
Electricity
Circuit Design

Light
Solar Cooker

Solar Energy
Thermal Energy
Infrared Wavelengths
Reflection

Refraction



'Content- STEM: Physics

Kinematics & Graphing
Mr. Dylag & Miss Schurr Starpoint Technology
Name: Date:

Design Challenge
Context:
The National Aeronautics and Space Administration (NASA) is trying to
design unmanned vehicles that will take samples on Mars. The vehicle |
needs to get from the landing site to many designated locations. Based
on an analysis of the typography of the planet they have generated a
series of position time graphs to reach each of these locations. They are
challenging students from across the United States to design and create
(NASA, 2008) prototypes of a vehicle.

Challenge:

Working in pairs, you will be given a position-time graph. You must design a vehicle to match the
motion depicted in your graph. You will receive two opportunities to officially test your final
design. Along with your completed project you will be required to submit sketches, conclusion
questions, a position time graph, a velocity time graph and an acceleration time graph.

Example Design Challenge




\Kinematics & Graphing Vehicle Design

Graphing:

Position i Time
Velocity 1 Time
Acceleration - Time

Example Project



Content- STEM: Chemistry

Introduction
Laboratory
Safety

Density
How dense are
you?

Matter & Energy
Homogeneous
Mixtures

Atomic Theory &

Structure
Puzzle Cubes

Periodic Table
Modeling atoms

Hydrogen
Bonding
Bubble
Solutions

DI E o]y
Water
Purification

Laboratory safety

Technological Design Process

& Systems Models

Physical Properties
Extensive Properties
Intensive Properties
Chemical Properties
Endothermic Reactions
Exothermic Reactions
Q = mcqr

Efficiency

Atom

Nucleus

Experimental data & models

History of Elements
Electron Diagrams
Molecules & Isotopes

Chemical Bonds
Electronegativity Difference
Types of Bonds

Types of Molecules

Distillation
Evaporation
Condensation

Stoichiometry
Chemical-
Reaction
Powered Cars
REE S
Edible Water
Bottles
Oxidation-
Reduction
Jumping
Sodium

Rate of
Reactions

Ice Melting
Ice Cream

Acids & Bases
Hydrangeas

Final Project

Types of Reactions
Stoichiometry

Equilibrium

Kinetics

Spherification

Acids/Bases

lons

Oxidation & Reduction reactions
Exothermic Reactions

2 Na + 2 H20 --> 2 NaOH + H2
Density

Solute/Solvent

Colligative Properties
Emulsions

Colloid

Freezing Point Depression

pH scale, indicators
Acids/Bases

Neutralization

Chemical Reactions
Student Choice
Application of Learned Concepts



'Contentd STEM: Chemistry

Keil, Schurr, Slote & Tomei

Name:

Measurement: Density — Design Challenge
Starpoint Technology
Date:

Measurement: How dense are you?

Context: Density is an intensive physical property of matter, meaning that
it does not depend upon the amount of matter present. Density is an
important property of materials because it can be used to identify an
unknown material. It also determines whether one material will float or sink
in a given liquid. Water is special because it is the only substance that has a
lower density in the solid state (ice) than in the liquid state. This is
important for life on earth because it allows the frozen top of a pond to
float, which allows plants and fish to live in the water below. If ice were to
sink to the bottom of the pond, plants and fish would freeze to death during
the winter.

Challenge: Design a method to measure the average density of a human
body.

Example Design Challenge
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'Content- STEM: Biology

Introduction
Laboratory
Safety
Nutrition
Calorimeters

Nutrition
Health Plan

Biochemistry

Enzymes in
Detergents

Cells
Microscopes

Osmosis &
Diffusion

Recycled Paper

Towels

Laboratory safety
Technological Design
Process & Systems Models
Calorie versus calorie

Q = mcol

Oxidation

Efficiency

BMI

Health Factors & Habits
Natural/Healthy/Organic
Enzymes

Catalysts

Amylase, Protease, Lipase &

Cellulase

Types of Microscopes
Magnification

Resolution
Advantages/Disadvantages
Active/Passive Transport
Osmosis & Diffusion

Rate of Absorption
Strength

Cellular
Respiration
Ethanol
Bioreactors
Genetics

DNA Extraction

Ecology
Bioremediation

Ecology
Phytoremediation
& Hydroponics

Evolution
Biomimicry

Bioethics

Bioreactors
Fermentation/Distillation
Cell Immobilization
Cellular Respiration
DNA

Chromosomes
Microscopes
Phosphates/Nitrates
Prokaryotes/Eukaryotes
Photosynthesis

Cell Immobilization
Grey water
Phytoremediation
Hydroponics
Hyperaccumulators
Biomimicry
Camouflage
Bionics/Biomimetics

Genetic Testing/Engineering

Bovine Somatotropin (BST)
Life Patenting



'Contentd STEM:; Biology

Cellular Respiration Alternative Fuels
Mrs. Anastasi, Mr. Racey & Dr. Schurr Starpoint Technology

Mame: Date:

Cellular Respiration — Alternative Fuels
Context:
Biotechnology used in industry most often involves a method called
bioprocessing. Biological processing of materials often requires the use
of bioreactors. A bioreactor can be classified as any vessel in which
cells, microorganisms, and even enzymes or proteins are used for
producing a useful product. The bioreactors provide just the right
environment inside the vessel for the organisms to survive.

We are pleased to announce that we are partnering with Green
Technology an Alternative Fuels company that specializes in producing
ethanol from corn. The goal of the partnership is to produce ethanol as
a substitute for gasoline. To do this you must design a system that
includes a bioreactor to turn the sugar from corn into ethanol.

Challenge:
Develop a proposal/presentation to share with the Alternative Fuels Company. Tﬂur proposal
should include a drawing/diagram of your designed system, and a working prototype of your
bioreactor. As usual, sketches and conclusion questions are required and are due upon
completion of the project.




\Cellular RespiratiahEthanol Bioreactors

Example Projects




